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Guidelines for Manuscripts 

delta-K is a professional journal for mathematics teachers in Alberta. It is published twice a year to 

• promote the professional development of mathematics educators, and
• stimulate thinking, explore new ideas, and offer various viewpoints.

Submissions are requested that have a classroom as well as a scholarly focus. They may include 

• personal explorations of significant classroom experiences;
• descriptions of innovative classroom and school practices;
• reviews or evaluations of instructional and curricular methods, programs or materials;
• discussions of trends, issues or policies;
• a specific focus on technology in the classroom; or
• a focus on the curriculum, professional and assessment standards of the NCTM.

Suggestions for Writers 
1. delta-K is a refereed journal. Manuscripts submitted to delta-K should be original material. Articles currently

under consideration by other journals will not be reviewed.
2. If a manuscript is accepted for publication, its author(s) will agree to transfer copyright to the Mathematics

Council of the Alberta Teachers' Association for the republication, representation and distribution of the
original and derivati_ve material.

3. All manuscripts should be typewritten, double-spaced and properly referenced. All pages should be
numbered.

4. The author's name and fu)l address should be provided on a separate page. If an article bas more than one
author, the contact author must be clearly identified. Authors should avoid all other references that may
reveal their identities to the reviewers.

5. All manuscripts should be submitted electronically, using Microsoft Word format.
6. Pictures or illustrations should be clearly labelled and placed where you want them to appear in the article.

A caption and photo credit should accompany each photograph.
7. References should be formatted consistently using The Chicago Manual of Style's author-date system or

The American Psychological Association (APA) style manual.
8. If any student sample work is included, please provide a release letter from the student's parent/guardian

allowing publication in the journal.
9. Articles are normally 8-10 pages in length.
10. Letters to the editor or reviews of curriculum materials are welcome.
11. Send manuscripts and inquiries to the editor: Gladys Sterenberg, 195 Sheep River Cove, Okotoks, AB TIS 2L4;

e-mail gladyss@ualberta.ca.

MCATA Mission Statement 

Providing leadership to encourage the continuing enhancement 
of teaching, learning and understanding mathematics. 
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From Your Council 
------------------------ ---

From the Editor's Desk 

Gladys Sterenberg 

January brings with it the tendency to look back on the past year. For me, I am reminded of the mathemati

cians and math educators who have made a great impact on me. I thought it would be appropriate to share a 

few of my memories and experiences and invite you to share with me the memories you cherish. 

As a mathematics teacher, I often encounter students' views of mathematics as certain, unchangeable and 

absolute. My own views of mathematics shifted several years ago when 1 read Chaos (Gleick 1987). I remem

bered encountering the images: the Lorenz attractor, the Koch curve, the Mandelbrot set, fractal clusters. Drawn 

into the stories, 1 felt excited by these new mathematical possibilities for describing our world. Nonlinearity, 

pluralism and the dynamic nature of chaos resonated with my view of the nature of mathematics. Yet it was the 

computer-generated pictures of fractals that held my attention. 1 was enthralled by the colour and fluidity of 

shape. I began to play with my understanding of the universe. I imagined tree branches, coastlines and blood 

vessels as fractals and was fascinated by the harmonious arrangement of order and disorder occurring in natural 

contexts. This view of mathematics was relational: I was relating to the beauty, elegance and imagery of math

ematics. The work of Benoit Mandelbrot. who coined the term fractal and worked extensively on describing 

the Mandelbrot set, had an enormous effect on my view of mathematics. Benoit Mandelbrot passed away on 

October 14, 2010. 

On a more personal note. my work as editor of delta-K was greatly influenced by a previous editor, Art 

Jorgensen. About four years ago, I had the pleasure of meeting him and his wife, Ivy. While I didn't know him 

well, I was impressed by the encouragement he provided to me both professionally and personally. Some of 

you are aware that my husband went through high-impact cancer therapy a few years ago. When Art found this 

out, he regularly phoned my husband to speak with him and find out how he was. He also contacted me to 

provide feedback about my work. These acts of care were greatly appreciated and will be profoundly missed. 

Art has greatly affected math education in our province and, years ago, MCATA created the Dr Arthur Jor

gensen Chair Award in honour of his long-time interest, involvement and support of our organization. This 

award is presented to a student in a degree program at a faculty of education in Alberta who has demonstrated 

academic excellence and a clear commitment to mathematics education. Art spent more than 50 years involved 

with education. I had the pleasure of interviewing him about his experiences and, in his memory, excerpts from 

our conversation are reprinted in this issue of delta-K. Dr Arthur Otto J ()rgenscn. of Edson. Alberta, passed 

away on February 19, 2011. at the age of 83. 

Great teachers continue to provide leadership in our community. This issue contains a discussion by Sherry 

Matheson on problem solving, research on initiating conversations, by Greg Belostotski, and an examination 

of the use of a workbook for Math I OC. by Richelle Marynowski. Each of these articles was selected to provide 

a glimpse of issues facing teachers in the classroom. Some practical teaching ideas for patterns are explored 

by Krista Francis-Poscente, Sharon Friesen and Trevor Pasanen. Veselin Jungic and Jamie Mulholland present 

their findings about teaching math in an online environment. Finally, delta-K presents a problem by Gregory 

Akulov-1 encourage you to submit teacher and student solutions. 
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As always, I welcome your feedback and submissions. Guidelines for manuscripts can be found on the inside 

front cover of this issue. I am more than willing to help you with the writing process. 

At this time of celebration and remembrance, I encourage you to reflect on the impact of your colleagues 

and former teachers. Perhaps you will have the opportunity to write a brief note in acknowledgement of how 

they have touched you. Live well and remember Art's words, "You teach children, not math. Math can't learn 

a damn thing!" 

Reference 

Glcick, J. 1987. Chaos: Making a Ne11· Science. New York: Penguin Books. 
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A Conversation with Dr Jorgensen 

Dr Arthur Jorgensen has greatly if!fiuenced marhemat
ics education in our province. He has been a principal 
and teacher in various schools in northern Alberta, 
an instructor at Grande Prairie College and the 
University of Lethbridge, a consultant in Jamaica. a
Justice of the Peace, and an assistant superintendent. 
He sen,ed 011 the MCATA executive as directo1; sec
retary, vice-president, journal editor and newsletter 
ediro1; and most recently has been a contributor to 
delta-K. MCATA 's annual Dr Arthur Jorgensen Chair 
Award is created to honour his 1rnrk in education a11d 
his passion for mathematics. I 1•.w1ted to k11011· what he 
was thinking about current educational issues in math
ematics. Here are excerpts from our conversation. 

-Gladys Sterenberg

G: Tell me a little bit about who you are and your 
background. 

Dr Jorgensen: I've really been interested in mathe
matics ever since l was just a child. In elementary 
school the teacher and I got along very well. I often 
had ideas, and I really supported her. Then when I 
got into high school, I often helped many of the stu
dents with their math. And then of course I got into 
university and I took some math there. As far as 
training is concerned, I got my BEd, which was gen
eral; I got a bachelor of arts in psychology and I got 
my master's in education, which dealt primarily with 
administration. And then my doctorate in curriculum 
and instruction in mathematics. 

I have really, really been concerned about how 
children are taught mathematics. I don't think, histori
cally, children have been taught mathematics well. 
They are so turned off because the teachers them
selves are turned off. When people say, "Well, I teach 
mathematics," that's a disaster. You have to teach 
children mathematics and when you are teaching 
children, you've got to realize they are individuals. 
They don't all learn at the same pace, and they don't 
all learn in the same way. And as a result you have to 
treat them as individuals. 

Mathematics should be enjoyable for children and 
for anybody who's taking it. Some people would say to 
me, "It's fun," and I'd say, "No, I wouldn't say it's fun, 
I'd say it's enjoyable." I don't consider it fun but I 
consider it enjoyable, and that's the way it should be 
for children. But that doesn't happen sometimes. I 
think of giving a test to a little boy in Grade 3. I tell him 
on Friday that on Monday there will be a test. He knows 
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he's going to fail the test, his friend knows he's going 
to fail the test, his teacher knows he's going to fail 
the test, his parents know he's going to fail the test. 
And what kind of weekend does he have? I myself 
know that if I have a test tomorrow, I won't sleep very 
well tonight. And the same with this little boy; he's 
not going to have a very good weekend. So what re
ally was the point of the test? And if this little boy 
had worked hard, it's like running a race. Somebody 
will be first and somebody will be last. And the one 
that was last maybe worked harder than the one that 
was first. And the same thing applies to mathematics. 
It really disturbs me. r know of a professor. He knew 
some math but he didn't have any teaching skills, and 
students had taken his course and they were crying. 
I wish I could have helped them in the classroom. 

G: Talk a little bit about how you envisioned a class
room that would be different from that. 

Dr Jorgensen: First of all, I get to know my students 
right from the start. From Grade I. 2, 3, I would want 
them to become involved with mathematics. What 
we do now is get them to regurgitate answers. 6 x 56. 
All we want is an answer./ want that child to actually 
get involved with 6 x 56-1 can teach a dog 6 x 56. 
Let's look at something like 2 + 3. What's 2 + 3? 

G: Five. 

Dr Jorgensen: ls that the only answer that you'll 
accept? 

G: What would you suggest? 

Dr Jorgensen: I say that there are many answers to 
that question: 3 + 3 = 6, and 6 - I = I+ l + 1 + 1 +I.You 
get all kinds of answers. Something like I I + 2 is 13. 
But what if 1 say I I + 2 is I? And we do it every day 
on a clock. Everybody knows I 1 and 2 is 13. But 1 
and 1 can be O if J' m working in base 2. I think what's 
important is that children get an opportunity to see 
how math works in all these different ways. And I 
think then they will enjoy mathematics. 

G: So. how can we work with teachers? 

Dr Jorgensen: I think that teachers should have some 
good workshops on how to teach children mathemat
ics. When I was in Jamaica, I had teachers who were 
able to run workshops in mathematics, good work
shops, and feel confident in doing it. But we've got 
to spend more time on teaching teachers how to teach 
children. People think there·s just one answer 
to mathematics. There are all kinds of answers to 
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mathematics. Let's get our teachers involved in cre
ativity and get them involved with things. 

Get the teachers involved with things and show 
them different ways of doing things. And when you 
ask our teachers why they did something, they might 
not know. All they know is that it works. Well, show 
them why something works and show them other ways 
to make it work. It would make more sense to me to 
teach children that way. We want our teachers to enjoy 
the process because many teachers today do not enjoy 
teaching kids mathematics. 

G: You said earlier that you've enjoyed math for a 
very long time. How did you grow to enjoy it? 

Dr Jorgensen: I guess we've all got our areas of 
interest, but right from the start I could work with 
numbers, from the time I was very young. And a 
teacher I had in school would often ask me, "How 
did you do this?" So I showed her how I would do 
things. When I got into high school, I often helped 
other students. 

G: Tell me what you would do with teachers that 
don't have that natural ability or that natural interest. 
You said you would get them in-
volved, but often they really 
struggle with their own confi
dence and with their own abilities 
and past experiences. 

Dr Jorgensen: I don't think all 
teachers should be expected to 
teach children mathematics any 
more than they expect to teach 
them art or physical education. for 
example. 1 think we should have 
teachers that teach children math
ematics who have a good under
standing of it. I think children 
should adjust. Often one teacher 
is expected to teach children all 
the subjects, and I disagree with 
that because there are some teach
ers who will not be able to teach 
children mathematics. 

G: So, you are kind of making an 
argument that we should have 
specialists in our elementary 
schools. 
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Dr Jorgensen: Yes, I am. Absolutely. Who will teach 
piano lessons ? You expect teachers in school to 
do this but not all teachers can play the piano. If I'm 
having problems with my hea11, I go to a heart 
specialist, and if I'm having problems with my brain, 
I go to a brain specialist. These doctors don't know 
everything about our health, and we don't expect 
them to. And I think we can do the same thing for 
children in school. I think we should have people 
who are really interested in mathematics teaching 
math. 

G: How did you become involved with MCATA? 

Dr Jorgensen: I became involved with MCATA, I 
guess 45 years ago. I felt this council made a differ
ence. And I guess I kept bumping into some very 
interesting people in MCATA. I was hoping that I 
could have some influence on how to teach children 
mathematics. 

This article is reprinted from delta-K volume 45, 
number 2, June 2008. 
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Feature Articles _________________ _ 

The Problem of Problem Solving 

Sherry Matheson 

Teachers in Alberta are required to submit yearly 
professional growth plans to their school administra
tion. Each goal undertaken by the teacher for that 
school year must align with a descriptor, set by Min
isterial Order #016/97, of know ledge, skill or attribute 
required of teachers who possess a permanent teach
ing certificate in this province. One of the descriptors 
states, "Teachers are career-long learners.'·1 My own
career-long learning has focused on primary chil
dren's learning. It has taken me most of my thirty-year 
teaching career to work through the problem of 
problem solving. 

The problem started much earlier than that. I was 
a reasonably strong student in elementary school. and 
though I never really had any difficulties with com
putation, I was quite anxious when we were assigned 
problems. I just never could read those problems and 
actually know what to do. When l faced a word prob
lem such as 

At the school store Harry bought a textbook for 
which he paid IO per cent less than the regular 
price of $1 .40. How much did Harry pay for the 
book? 

I found I was stumped. I couldn't make sense of the 
Physics IO question that demanded to know how wide 
was the river based on the height of the tree that I 
could see on the other side. l managed to get my first 
degree without ever taking a university-level math
ematics course. 

As a young teacher of primary school children, I 
could pick and choose which problems I would ask 
my students to solve. If I thought the students would 
find it too difficult, I would just leave it out. That 
worked for the first twelve years of teaching, but then 
I was placed in a Grade 3 classroom. My task was to 
prepare these students for their first experience with 
the provincial achievement exam in mathematics
and it was all word problems_! 

I equated the mathematics test with a reading test. 
I believed that if my students could read the problem, 
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they could solve the problem. We worked with a tra
ditional textbook that contained lessons for practising 
beginning addition or subtraction that were followed 
with either words or pictures that gave the students 
the chance to apply the algorithm that they had just 
learned. These were often called story problems. If 
the lesson was about subtracting one-digit numbers 
from two-digit numbers, with regrouping, the prob
lem might be 

Tyler had 23 hockey cards. He gave 6 to his 
younger brother. How many hockey cards does 
Tyler have now? 

For the first two or three years in this teaching assign
ment I would create wall charts that I believed helped 
the students know which operation to apply by look
ing for the hint words in the actual word problem. If 
the question used the word altogether, the students 
knew that they were to add. If the question used the 
word left, the students knew that they were to subtract. 
The words were the key to the finding the correct 
answer. I was convinced that J had finally learned how 
to solve problems! But then a word problem like this 
came along: 

Joyce had 17 apples altogether. She had 8 red 
apples. How many were green? 

It didn't fit the pattern. The students added according 
to the classroom chart, and although the hint word 
altogether was there in the question, the answer, 26, 
wasn't correct! I had a hard time explaining to the 
students why, for this problem, they had to subtract 
instead of add. They lost faith in my charts. They had 
a procedure but no understanding. "Students who 
memorize facts or procedures without understanding 
often are not sure when and how to use what they 
know, and such learning is often quite fragile" (Brans
ford, Brown and Cocking 1999). My students did not 
understand the procedure that I had created for them. 

Not too long after, I tripped over the problem
solving strategies put forth by Polya. The four steps 
were logical. Paraphrased, they are (a) understand the 
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problem, (b) devise a plan, (c) carry out the plan and 
(d) look back (Polya 1988). A new chart went up in
the classroom. I used the words from my father's old
math textbook (Banting, Banting and Brueckner
1936), which had been authorized by the ministers
of education in Alberta and Manitoba.

I. What does the problem ask for?
II. What must be done to solve the problem if all
the facts are not clear?
III. What is a reasonable answer?
IV. What checks should be used? (p 14)

The students were unsure of the second step. They
did not have clear ideas of what they were meant to 
do without input from me, the teacher. I searched 
some more and began using The Problem Solver 2 
(Hoogeboom and Goodnow 1987), which was based 
on introducing a variety of strategies that the students 
could apply when solving a word or story problem. 
The strategies fit into Polya's second step, devising 
a plan: (a) act out or use objects, (b) make a picture 
or diagram, (c) use or make a table, (d) make an or
ganized list, (e) guess and check, (f) use or look for 
a pattern, (g) work backwards, (h) use logical reason
ing, (i) make it simpler, and (j) brainstorm (Hooge
boom and Goodnow 1987, viii). The binder of work
sheets gave specific examples to work through with 
the students and a multitude of worksheets that al
lowed the students to practise the strategy that they 
had just been taught but had not really learned. This 
followed the traditional approach where 

the teacher demonstrates or leads a discussion on 
how to solve a sample problem. The aim is to 
clarify the steps in the procedure so that students 
will be able to execute the same procedure on their 
own .... students practice using the procedure by 
solving problems similar to the sample problem. 
(Stigler and Hiebert 1997, 18) 

At about this same time, elementary teachers in 
Alberta were being introduced to a new mathematics 
program of studies (Alberta Leaming 1997). This 
new curriculum presented a shift from the manner in 
which mathematics had traditionally been taught. It 
suggested that the students would not be given pre
pared worksheets with algorithms to be completed 
silently and individually. Rather. it stated, "Problem 
solving. reasoning and connections are vital to in
creasing mathematical power and must be integrated 
throughout the program. A minimum of half the 
available time within all strands needs to be dedicated 
to activities related to these processes" (p 13). To help 
teachers recognize the areas where problem solving 
could be effectively added to the concepts being 
taught, a bold PS appeared after the actual specific 
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outcome in the following manner: "6. Recognize, 
build, compare and order sets that contain O to 1000 
elements. [PS, R, V]" (p 15). 

This was the first time that I had been exposed to 
the idea that problem solving was an important com
ponent of mathematics. I had not understood that the 
role of problem solving was to actually develop the 
basic mathematical computational skills that I had 
been asking the students learn by rote or through the 
practice worksheets that I dutifully copied and dis
tributed daily. I railed against the new textbooks that 
did not have practice pages before the introduction 
of a problem. 1 could not imagine how the students 
could solve a problem before they knew how to com
plete an algorithm correctly. Sadly, there was no one 
to help me understand this challenging change. My 
school district purchased the textbooks, but there was 
no assistance to help me change my own understand
ing. I was alone and I could rail against this change 
with indignation. What did they know about teaching 
kids? I had been successful and I did not need to 
change! "One cannot expect teachers to change their 
teaching practice simply because they have been told 
to" (Mewborn 2003, 49). I ignored the changes and 
for many years left those new textbooks, bindings 
uncracked, on the classroom shelves, using them only 
to press leaves in the fall. 

It is now nearly fifteen years later. There are times 
when I marvel at how far I have come. Problem solv
ing is not a problem for me or for my students any 
more because we no longer attempt textbook-gener
ated word and story problems. The students no longer 
sit at their desks and work individually at worksheets 
with rows and rows of algorithms. The students and 
1 are engaged in rich problem-solving activities. I 
enjoy mathematics, both the teaching and the learn
ing, that occurs every day in the classroom. I see my 
students making sense of what they are doing and 
constructing their own knowledge. But how could 
this shift have taken place? 

Just over five years ago, the schools were abuzz 
over another mathematics curriculum change, but this 
time it was different. Teachers were encouraged to 
attend professional development opportunities to help 
them understand the changes. I attended the first 
workshop at Barnett House, in Edmonton, led by a 
former teacher. Throughout the day, this teacher 
brought the curriculum changes into focus, explaining 
how they were intertwined and how the activities she 
shared could be done with all students. She espoused 
the same philosophy as Clements and Sarama (2009), 
who believe that "especially for younger children, 
mathematic topics should not be treated as isolated 
topics; rather, they should be connected to each other, 
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often in the context of solving a significant problem 
or engaging in an interesting project" (p 207). The 
words of the new curriculum (Alberta Education 
2007) began to have more meaning. 

Leaming through problem solving should be the 
focus of mathematics at all grade levels. When 
students encounter new situations and respond to 
questions of the type How would you ... ? or How 
could _),'OU •.. ?, the problem solving approach is 
being modeled . ... A true problem requires stu
dents to use prior learnings in new ways and con
texts. Problem solving requires and builds depth 
of conceptual understanding and student engage
ment .. . Creating an environment where students 
openly look for, and engage in, finding a variety 
of strategies for solving problems empowers stu
dents to explore alternatives and develops confi
dent, cognitive mathematical risk takers. (p 6) 

Tentatively, I took a chance and attempted an activ-
ity from the workshop. It meant that the students and 
I would be talking about the possibilities offered by 
the problem posed. It meant that we would work in 
groups, we would share our ideas and we would be 
willing to make mistakes. Luckily, it was April, so 
trust had already been established, and the students 
knew that I would not introduce an activity that they 
could not succeed at. Using wooden pattern blocks, 
the students were introduced to increasing patterns. 
A red square block was set down with two cream
coloured rhombus blocks placed on opposite sides to 
represent legs. This created a caterpillar-like creature. 
As each red square was added, two rhombi were 
added. After creating a creature with 4 squares (body) 
and 8 rhombi (legs). I challenged the students to use 
what they knew and predict the number of legs the 
creature would have when there were 6 body parts. 
8 body parts and 10 body parts. With the students 
working in pairs, with manipulatives, the challenge 
began. As I walked about and listened to the students' 
conversations and attempts at a solution, I marvelled 
at the feeling in the air. It was electric! These students 
had never been so engaged. They didn't need me. 
They didn't want me. They wanted to work! I knew 
that I could never go back to the old way of teaching 
problem solving again. 
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Once one accepts that the learner must herself 
actively explore mathematical concepts in order 
to build the necessary structures of understandin o 

i::,, 

it then follows that teaching mathematics must be 
reconceived as the provision of meaningful prob
lems designed to encourage and facilitate the 
constructive process. In effect, the mathematics 
classroom becomes a problem-solving environment 

in which developing an approach to thinking about 
mathematical issues, including the ability to pose 
questions for oneself, and building the confidence 
necessary to approach new problems are valued 
more highly than memorizing algorithms and using 
them to get the right answers. (Schifter and Fosnot 
1993, 9) 

The challenge continues-not the challenge of how 
to teach using the new approaches required by the 
new mathematics curriculum, but /w1r to engage the 
students i11 meaningful investigations and recognize 
opportunities to bring meaningful problems into the 
classroom. "[T]eaching is not just about starting with 
mathematically rich problems, even ones connected 
to what students are thinking. And it is also not just 
about listening to students and asking them to de
scribe their thinking" (Franke, Kazemi and Battey 
2007, 226). lt is through these problems, which must 
be thought out. that new learning is encouraged. The 
problems must reach all of the students at the level 
at which they are currently constructing their own 
understanding of the mathematics being presented. 
The solutions must be their own. The problems must 
scaffold from students' prior knowledge and move 
into the next level of investigation. The problems must 
represent what is important about mathematics and 
illustrate real-world situations; they must engage and 
delight and offer opportunities for pondering, discus
sion, strategies, failure and success. They must allow 
a community of learners to work cooperatively and 
find solutions that are acceptable, not because the 
teacher says so, but because the community has 
looked for and found an acceptable explanation. 
'"Classrooms need to be places where teachers and 
students are engaged in rigorous mathematics in ways 
that both parties learn" (Franke, Kazemi and Battey 
2007, 228). 

I think that next year, when I submit my profes
sional growth plan, I might just write "Teachers are 
career-long learners." Period. Being able to learn is 
more powerful than having learned. It is the gift I 
wish to give my students. 

Note 

I. Teaching Quality Standard Applicable to the Provision of
Basic Education in Alherw 1997 ( Ministerial Order #016/97). 6 
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Breaking Silence: Initiating Conversations 
in Mathematics Classrooms 

Gregory Belostotski 

Introduction 
The character of the boring economics teacher 

played by Ben Stein in John Hughes's 1986 film Fer

ris Bueller's Day Of
f 

briefly crosses my mind as 
Mr Paavi (all names used here are pseudonyms) first 
asks the class "Any questions?" and moments later 
inquires if students have heard of a recent "pay it 
forward'' advertising campaign by a local bank: 

Mr P: Any of you guys hear about this yesterday? 
... Anyone? Right ... 

Like the students depicted in the film. Mr Paavi's 
Grade 12 applied mathematics students stare back in 
silence. But unlike Ben Stein's monotonal character, 
Mr Paavi is a dynamic speaker who is sufficiently 
loud and commands attention. He is not afraid to 
challenge and engage with his students. Mr Paavi 
does not accept the silence: 

Mr P: Who has a heartbeat?! Does anyone have a 
heartbeat today? Let's start with that ... Who has 
a heartbeat? (Sam, smiling, holds his hand up. 
Geoff follows reluctantly.) OK. Oh. OK, so, all 
right, just checking, OK, good, thank you ... 

As the class begins with an extracurricular chat 
about the local bank. charitable acts and advertising. 
the students and the teacher are explicitly exchanging 
their expectations. Through inaction, the students are 
communicating their reluctance to participate. For 
the teacher. on the other hand. the class needs a pulse. 
It has to be alive and responsive. Mr Paavi needs some 
reassurance that what he tells his students over the 
next 80 minutes of instructional time will not die from 
inattention. ''Who has a heartbeat?" is a rhetorical 
question. bllt it is also a message that in this class 
participation is important. 

Several days after I watched Mr Paavi ask his 
students. "Who has a heartbeat?" the following inter
action in Mr Brodiew's classroom (Grade 12 pure or 
precalculus mathematics) caught my attention: 
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Mr B: It's, it's going to be, right here (pointing to 
an exponential function written on the board). 
when you plug ... yeah ... when you plug negative 

three in, the negative three is going to reciprocate 
that and it will be two cubed, or eight. 
Mr. B: This will be? 
SI: Oh, four! 
Multiple students: Four, four ... 
MrB: Four! 
(Teacher points to the successive values of x as a 
number of students recite in unison.) 
Multiple students: Two. Two! 
Mr B: Two! 
Multiple students: One! Negative ... one over two! 
One over four! One over eight! One over 
sixteen! 
Mr B: Yeah! You're getting it! There is excitement! 
You're doing math! 
(Some students in the back playfully high-five each 
other, while several others smile.) 

As students recite the answers, the spontaneous 
display of energy reverberates through the room. 
It is perhaps this type of excitement-the loud heart
beat of the classroom-that Mr Paavi, Mr Brodiew 
and so many other mathematics teachers strive to 
experience. 

Study Background 
In an attempt to explore student questions in sec

ondary mathematics classrooms, I have collected a 
large amount of data that includes narrative accounts 
of students' questioning experiences, responses from 
a focus-group discussion among three experienced 
mathematics teachers on the topic of student ques
tions, and observations and video recordings of 
69 mathematics cla�ses. Two of these classes are 
Mr Paa vi's Grade 12 applied mathematics course and 
Mr Brodiew's Grade 12 pure mathematics course. 

All video recordings, in particular classroom vid
eos from these two classes. have been reviewed, and 
video clips containing instances of student participa
tion (primarily student questions) were created. These 
clips were then coded thematically with keywords 
identifying particular aspects of each clip. Some of the 
keywords identified elements of student participation 
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(eg, formal requests to speak), others focused on the 
types of questions asked (eg, clarification), and still 
others described tum taking (eg, precipitating utter
ances), teacher moves (eg, delegation of response) or 
teaching style (eg, lecture). The observations of these 
classrooms and my analysis of student questions 
inform the ideas discussed in this work. 

Introducing Mr Paavi and 
Mr Brodiew 

Mr Paavi and Mr Brodiew are two experienced, 
well-respected and well-liked mathematics teachers. 
They are both dynamic speakers who can create a 
highly interactive dialogue with their students and 
their colleagues. Mr Paavi and Mr Brodiew are also 
two of four participating teachers who make extracur
ricular conversations, such as the interaction set out 
at the beginning of this paper, part of the classroom 
routine. Mr Paavi is well aware that he frequently 
spends significant amounts of instructional time dis
cussing issues that parallel the topic of the lesson. He 
explains to his students that he cannot resist discuss
ing the issues of finance, business and government. 

Mr Brodiew, on the other hand, has a penchant for 
mathematics and movies. His lessons are full of refer
ences to popular culture and cartoons. These refer
ences are made in passing, intenupting conversations 
that otherwise focus on the lesson. Both teachers, and 
Mr Brodiew in particular, are skilful in eliciting 
laughter with jokes, impersonations and social com
mentary. In fact, laughter is a prominent fixture in 
Mr Brodiew's classroom. 

Most of Mr Brodiew's students have agreed to 
appear on camera and to take part in my observations. 
A number of students routinely ask questions or reply 
to teacher inquiries. At the same time, a significant 
group of students seldom or never participate during 
my visits. The class is held in the final block of each 
school day. 

Mr Paavi's class, which I featured in the opening 
quote, is small (20 mostly Grade 12 students) and 
held every morning. Only l O to 15 students are in 
attendance on any given day. The total number of 
students who have agreed to participate and who have 
chosen to sit in view of the camera is even smaller. 
Students in this class are very reserved, and only a 
handful of "target students" (Tobin and Gallagher 
1987) make occasional contributions through ques
tions or answers to teacher inquiries. 

I write this article for all the teachers who identify 
with Mr Paavi and Mr Brodiew in their need to hear 
their students; it examines the challenges in initiating 
mathematical conversations with students. In the 
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concluding section, I make some practical recom
mendations that are not tested through practice but 
are born out of observation. through thoughtful reflec
tion and a review of relevant literature. In making the 
recommendations, I recognize the individual differ
ences of the many mathematics classrooms. 

Theoretical View of the 
Role of Student Classroom 
Participation and Conversation 

Many researchers consider student involvement 
and on-topic conversation in the classroom an impor
tant learning strategy (eg, Turner and Patrick 2004). 
Consequently, several mathematics curricula accept 
and promote student participation primarily through 
student communication of ideas. The Principles and 
Standards for School Mathematics (National Council 
of Teachers of Mathematics [NCTM] 2000) and the 
Western and Northern Canadian Protocol (WNCP 
2008) documents describe communication of math
ematical ideas as a significant area of student develop
ment. Both documents explicitly expect students to 
use conversation to become precise and to show 
reason in their discussion of mathematical concepts, 
and to form links between various representations of 
mathematical ideas. 

Although the pedagogical aim to promote and 
sustain student participation may be reasonable, 
student participation in mathematics and other classes 
is a complicated matter in middle and secondary 
school classrooms (Daly, Kreiser and Roghaar 1994; 
Patchen 2005; Turner and Patrick 2004). Problems 
with student participation are further exacerbated by 
the presence of English language learners (ELLs) 
(Patchen 2005; Yoon 2007), students with diverse 
abilities and special needs, the gender composition 
of the classroom, and teacher approach to student 
participation, among other issues (Daly, Kreiser and 
Roghaar 1994; Patchen 2005). 

Curiously, even reports that aim to quantify the 
problem of student participation, such as the one by 
Daly, Kreiser, and Roghaar (1994 ), report that the 
majority of students appear to be comfortable asking 
questions and, by extension, participating in class. 
That study has collected information from 24,599 
students between the ages of 13 and 16. The authors 
report that the mean question-asking comfort score 
is close to 12 and the standard deviation is approxi
mately 2.5 on a task with a score range from 4 to 16. 
However, they find that question-asking comfort does 
correlate inversely with the age of students and di
rectly with gender (males report greater comfort than 
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females), socioeconomic status, personal goals, 
language ability and perception of teacher 
helpfulness. 

Two questions arise for me: 

• If the majority of students are comfortable partici
pants. why at times don't they participate? 

• What do we do about students who report discom
fort with classroom participation? 

Sfard et al ( 1998) raise a similar question, but they 
focus on teacher practice. In their exploration of the 
role of conversation in mathematics education they 
conclude 

In short. the question is not whether to teach 
through conversation, but rather how. Since learn
ing mathematics may be equated to the process of 
entering into a certain well defined type of dis
course, we should give much thought to the ways 
students' participation in this special type of con
versation might be enhanced. (p 50) 

The greater education community has been preoc
cupied for some time with similar challenges. To 
enhance opportunities for student conversation and 
participation, many innovations have been introduced 
but have had variable success. Classroom activities 
(for example, brainstorming and group work) and 
curriculum modifications with an emphasis on com
munication and a constructivist learning framework 
are being tried by teachers across Canada. lt is now 
not unusual to find various classroom technologies 
such as the Student Response Systems ( or clickers) 
and interactive whiteboards across North American 
classrooms (Anderson et al 2003; Dufresne et al 1996; 
Nocente, Belostotski and Brooks 2009; Penuel, Abra
hamson and Roschelle 2006; Roschelle, Penuel and 
Abrahamson 2004 ). However, as Judson and Sawada 
(2002) point out, any success with the implementation 
of new technologies and practice that leads to an 
increase in student on-task participation still rests 
largely on the shoulders of the teachers who build a 
classroom culture conducive to participation. 

Patchen (2005) expands on the general call for 
teachers to improve student participation with the 
following five recommendations. which focus on 
recent immigrant adolescents but include all educa
tional settings: (I) deepen personal understanding of 
students· cultural background. (2) establish relation
ships, (3) diversify participation structures, ( 4) ask 
answerable questions and (5) solicit student feedback 
(pp 45, 46). 

But how does one "deepen personal understand
ing'' and "establish relationships"? What space-be 
it time or curricular-is available to meet these 
suggestions? 
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An Interactive Exchange: One 
Example from a Mathematics 
Classroom 

To provide one example of a teacher having some 
success in drawing students into participating, I pre
sented a sequence in the introductory section, in 
which a number of students join in a chorus listing 
the answers one by one. It is important to recognize 
that the unison recitation included some students who 
had not participated in classroom conversation in my 
presence before. At the same time. it is important to 
note that not all students participated. Still, I would 
like to propose that through laughter and lighthearted, 
often extracurricular, conversation, Mr Brodiew has 
created a class culture that enables student 
participation. 

Consider how the conversation unfolds, as set out 
below in 'The Mathematical Chorus and the Soloist." 
The transcript lines are numbered by speaking turn 
for later reference; overlapping speech is included in 
square brackets and formatted to vertically overlap. 

The Mathematical Chorus and the Soloist 

I. Mr B: It's, it's going to be. right here (pointing 
to an exponential function written on the 
board), when you plug ... yeah ... when you 
plug negative three in, the negative three is 
going to reciprocate that and it will be two 
cubed, or eight. 

2. Mr B: This will be? 
3. S l :  Oh. four! 
4. Multiple students: Four, four ... 
5. Mr B: Four! 
(Teacher points to the successive values of x as a 
number of students recite in unison.) 
6. Multiple students: Two. Two! 
7. MrB: Two! 
8. Multiple students: One! Negative ... one over 

two! One over four! One over eight! One over 
sixteen! 

9. Mr B: Yeah! You're getting it! There is excite-
ment! You're doing math! 

(Some students in the back playfully high-five each 
other. while several others smile.) 
I 0. S2 ( off camera): {Inaudible} 
11. Mr B: What's that? 
12. S2: Why isn't it the square root ... like { inau-

dible} in the second {inaudible} .. . 
13. Mr B: OK. OK. Why would, why would T flip 

this? (The teacher points to a number with a 
negative exponent.) 

(3.8 seconds) 
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14. S3: The negative?
15. Mr B: The negative in the exponent. What does

the negative do?
16. S3: lt flips fit]
17. Mr B: It flips it, so negative three is going to

be ... see that?
(Several students are now talking among 
themselves.) 
18. S4: Mr Brodiew?
19. (Mr B reacts to some suggestion he hears.)
20. Mr B: Oh, oh, hold on, don't do that, { inau-

dible} don't do that.
21. S5: Wait!
(Noisy)
22. S4: Do you mean the negative exponent flips

[the fraction?] 
23. S5: [What do you]

mean, "Don't 
do that"? 

(Noisy) 
24. Mr B: Aha, so this becomes, this basically

becomes two to the positive three. Exactly!
Good! Now, now look at this ...

Though the transcript might create an impression 
of uniform participation, the classroom video clearly 
shows that many students in this large class do not 
participate. These students include those who perform 
well academically and those who do not. 

The recitation in lines 3 to 9 clearly demonstrates 
how some students are able to recite the terms of a 
geometric sequence or, perhaps, continue the most 
likely number pattern without much consideration for 
the topic (note the desire by some students on line 8 
to recite the wrong pattern continuing from one to 
the negative numbers). 

Lines I 0, 11 and 12, on the other hand, deserve 
additional consideration. Student S2 refuses to be 
swept away with the excitement and questions the 
simple patterning. In the process, she rescues the 
moment for some of her classmates who might have 
not understood what was being recited. In asking her 
question, the student risks being exposed as perhaps 
the only student-or one of the very few-who did 
not understand the process and thus facilitates a valu
able learning opportunity for her classmates. 

The decision to ask is selfless and brave. The risk 
of exposure and the social ramifications of this act 
cannot be understated, but they can be mediated by 
building an appropriate class culture where student 
participation is not evaluated, interruptions are ac
cepted, the atmosphere is friendly, student participa
tion is welcomed and students are part of an ongoing 
conversation. In short, students need to feel safe enough 
to, on occasion, stand against the flow of the class. 
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I argue that in the case of Mr Brodiew and 
Mr Paavi, the element of safety comes from frequent 
extracurricular commentary and as a greater social 
comfort of being in a friendly environment. Students 
of Mr Brodiew and Mr Paavi are drawn into discus
sion-become a part of the conversation-even be
fore they actively participate in learning about math
ematics. These opportunities appear to create the 
necessary conditions for keeping students involved 
in conversation as it shifts from extracurricular chat 
toward a discussion of the concept of the day. 

Discussion 

Earlier I asked the following two questions: 

• If the majority of students are comfortable partici
pants, why at times don't they participate?

• What do we do about those students who report
discomfort with classroom participation?

One plausible answer to both questions lies in
providing opportunities for all students to be part of 
a discussion. Be it joining a chorus of peers or a chat 
about the publicity programs by a local bank, the 
immediate relevance of the conversation in itself is 
irrelevant. 

The Mathematical Chorus 

Not all students reciting the numbers in "The 
Mathematical Chorus and the Soloist" understood 
what was being recited-perhaps only the ones who 
correct the pattern in line 8 did. However, such un
derstanding of this particular pattern may be second
ary to the value of participation. In the excitement, 
many students became a part of the Jiving classroom. 
Several students who normally don't say a word fi
nally added the sound of their voice to the classroom. 
They said things aloud. In a conversation some years 
ago, I asked a group of preservice teachers about 
classroom participation. One of the students said that 
she used to be shy about the sound of her own voice. 
As a result, she avoided speaking in class. A recital 
such as this, similar to singing in a choir, would pro
vide an appropriate medium for students like her to 
join in and add the sound of their voices. 

Besides creating a medium where even the shy 
students can add their voices, this group recital is a 
self-correcting process. The initial desire to follow 
the wrong path is not as important as the realization 
that their contribution was sufficiently close. Van der 
Meij ( 1990) describes several hypotheses and studies 
that suggest that perplexity-the first stage of ques
tioning-arises from various internal or external 
events. Van der Meij writes: 
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It is believed that the most likely condition leading 
to such a perplexity occurs when a stimulus re
sembles something well-known but is also distinct 
enough to be interesting. If it is too remote from 
experience, or too familiar, the reaction will be one 
of indifference ... ). (p 141) 

Consequently, the initial making of an error may 
offer a significant opportunity to confront and repair 
a student's own misunderstanding. 

Extracurricular Chat 

An opportunity to talk about a variety of topics 
offers the possibility that conversation in the class
room is not just for the satisfaction of the teacher-a 
means to determine the level of alertness of the stu
dents. Saying things aloud in a classroom pro,·ides 
an entry for students to become part of the classroom 
and join an ongoing conversation. Once part of a 
conversation, the students participate in the classroom 
conversation about mathematics amongst other 
things. 

J cannot offer a guarantee that all students will 
remain in conversation. For example, student S2, 
following the initial utterance on line I 0, was com
pelled to participate in the conversation she initiated 
only once-in line I 2. It is also unreasonable to ex
pect two groups of students to respond to the teacher 
in exactly the same way. However, in this instance. 
student S2 felt safe enough in the class to engage the 
teacher. Students reciting the numbers felt the safety 
of the chorus to speak. At the end of the interaction, 
students talked about mathematics with each other 
and the teacher. 

My Recommendations 
Having considered the issues of classroom partici

pation and the literature on classroom participation, 
my recommendations for drawing students into par
ticipation include the following: 
• Use Patchen 's (2005) suggestions and promote talk

that encourages the students to share their back
ground and interests.

• Ask students to repeat tem1inology such as disper
sion, deviation and reciprocal, because not know
ing how to pronounce a word should not stand in
the way of talking about concepts.

• Create opportunities for students to say things out
loud, be it the mathematics term of the day (eg. on
a count of three say numerator) or the part of the
lesson you have found the most difficult (on a count
of three say your name).

• Look for alternatives to speaking (such as classroom
communication and presentation technologies).
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• Invite students to answer questions, make sugges
tions and speak mathematically together, perhaps
even at the same time, taking some of the risk out
of the participation equation.

• Visit the classrooms of your colleagues and to see
what their students are doing, saying, or not saying.

Join in the conversation and let us all know what
has worked for you in giving your students a voice 
in your mathematics classroom. 

References 
Anderson. R. R Anderson, T van de Grift. S Wolfman and K Ya�u

hara. 2003. "Promoting Interaction in Large Classes with 
Computer-Mediated Feedback." In Desig11i11gfor Change in 
Ne11rorked Leilming E1n-im11ments. Proceedin?,s of the /11ter
llilti1mal Conference on Compwer Support ji,r Collaborutire 
Le11111i11g. cd B Wasson. S Ludvigsen and U Hoppe, 119-23. 
Dordrecht. Netherlands: Kluwer. 

Daly. J. P Kreiser and L Roghaar. 1994. "Question-Asking Com
fort: Explorations of the Demography or Communication in 
the Eighth Grade Classroom.'· Comm1111icario11 Educa1ion 43, 
no l: 27-41. 

Dufresne. R J. W J Gerace. W J Leonard. J Mestre and L Wenk. 
1996. --c1asstalk: A Classroom Communication System for 
Active Learning." Jnumal of Compwinr. in Higher Educa
tion 7. no 2: 3-47. 

Judson. E. and D Sawada. 2002. "Leaming from Past and Present: 
Electronic Response Systems in College Lecture Halls." 
Joumal of Compwers in Mathemmics 1111d Science Teaclz
i11g 2 I, no 2: 167-82. 

Nation,1I Council of Teachers of Mathematics (NCTM). 2000. 
Principles and Standurds for School M111hemarics. Reston, 
Va: NCTM. 

:--'occntc. N. G Belostotski and C Brooks. 2009. "Elementary 
School Teachers' Pedagogical Use of Student Response Sys
tems:· Paper presented at the annual meeting of the Canadian 
Society for the Study of Education. Ottawa, Ont, May 23. 

Patchen, T. 2005. ·'Prioritizing Participation: Five Things That 
Every Teacher Needs to Know to Prepare Recent Immigrant 
Adolescents for Classroom Participation:· Multicultural 
t:durntim1 12. no 4: 43-4 7. 

Penuel.WR. L Abrahamson and J Roschelle. 2006. "Theorizing 
the Networked Classroom: A Sociocultural Interpretation of 
the Ef

f

ects of Audience Response Systems in Higher Educa
tion:· In Audience Response Systems in Higher Educatimz: 
Applirntio11s and Cases. ed D A  Banks. 187-208. Hershey. 
Pa: Information Science. 

Roschcllc. J. WR Penuel and L Abrahamson. 2004 .
.
. Classroom 

Response and Communication Systems: Research Review 
and Theory." Paper presented at the Annual Meeting of the 
American Educational Research Association. San Diego, 
C11ifomia. April 1-8. Available at hllp://ubiqcomputing.org/ 
CATAALYST _AERA_Proposal.pdf (accessed September 27, 
2011 ). 

Sfard. A. P Nesher, L Strcefland, P Cobb and J Ma�on. 1998. 
··Learning Mathematics Through Conversation: Is It As
Good As They Say'r- For the LC'aming <Jf Mathematin 18.
no 1:41-51.

delta-K, Volume 49, Number I, December 2011 



Tohin, K, and J J Gallagher. 1987. "The Role of Target Students 
in the Science Classroom:· Jou ma/ (i Research in Science 
Teaching 24, no 1: 61-75. 

Turner, J, and H Patrick. (2004). "Motivational Influences on 
Student Participation in Classroom Learning Activities.'· 
Teachers Colle?,e Record 106, no 9: 1759-85. 

Van der Meij, H. 1990. "Question Asking: To Know That You Do 
Not Know Is Not Enough:· Joumal of Educatio11al Psychol
Of.Y 82, no 3: 505-12. 

Western and Northern Canadian Protocol (WNCP). 2008. The 
Common Curriculum Framework for Grades 10-12 Mmh
emarics. np: WNCP.

delra-K, Volume 49, Number 1, December 201 I 

Yoon, B. 2007. "Offering or Limiting Opportunities: Teach
ers' Roles and Approaches to English-Language Learners' 
Participation in Literacy Activities." Reading Teacher 61. 
no3:216-25. 

Gregory Belostotski is a PhD candidate in mathematics 
education at the University of A Iberra. He has taught 
mathematics for more than ten years in high schools 
and colleges. He currently lives in Toronto, where he 
continues 10 work on his disserrarion and teaches 
mathematics at Seneca College. 

15 



An Analysis of Question Types in a 
Workbook for Mathematics 10C 

Richelle Marynowski 

In this article 1 analyze the Foundarions of Marh
emarics and Pre-Calculus Grade 10 Workhook (for 
Math IO Combined)' (20 I 0) and focus on the phi
losophy of mathematics education as presented in the 
Alberta Grades I 0-12 Mathematics Program of 
Studies (2008). I completed this analysis to satisfy 
my curiosity about whether using a workbook to plan 
from. teach from and learn from would completely 
reflect the intent of the program of studies. 

I have used a workbook by the publisher of Foun
dations for a previous mathematics program of stud
ies. I found that workbook designed more for a drill
and-practice type of classroom than an investigative 
and understanding-building classroom in which 
students contribute to knowledge generation that 
would be reflective of the 2008 Alberta program of 
studies. According to Silver et al (2009), .. the adop
tion of new curriculum materials, especially those 
designed to embody innovative ideas and practices, 
can catalyze changes in teachers' instructional prac
tice and enhance students' opportunities to lean 
mathematics" (p 245). I am not positive that Founda
tions will be representative of innovation in teaching 
or of enhancing students' experiences in mathematics 
learning. In my analysis, I consider how well Fmmda
tions reflects the program of studies with respect to 
allowing for and expecting individual representation 
of knowledge and understanding. 

Program Philosophy 
The philosophy for mathematics education of the 

Alberta Grades l 0-12 program of studies (2008) 
centres on individual differences in students. Students 
should be encouraged to develop their own under
standing of the mathematical concepts and their own 
personal strategies for solving problems and answer
ing questions. The front matter of the program of 
studies refers to students "taking intellectual risks. 
asking questions and posing conjectures" (p 2). J feel 
that a major change in the program is in allowing 
students to express their mathematical understanding 
in their own way and "that it is acceptable to solve 
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problems in different ways and that solutions may 
vary depending upon how the problem is understood" 
(p 2). Many teachers have previously taught that there 
are only one or two acceptable ways to solve a prob
lem or approach a task. The change in focus from the 
teacher being the giver of knowledge to the student 
being the creator of knowledge may prove to be chal
lenging for some teachers. In my experience as a high 
school mathematics teacher, I have struggled with 
stepping back and letting my students create their 
understanding; I anticipate that other mathematics 
teachers will experience similar struggles. 

Allowing students the freedom to create their own 
solutions and use their personal strategies in ap
proaching problems was a major focus in my analysis 
of Foundations. My analysis centred on how the les
sons and activities in the workbook demonstrate that 
the creation of knowledge and the use of personal 
strategies by students is valued and expected. I have 
been working closely with the program of studies 
over the last couple of years, and J believe that one 
of the most important features of the program of 
studies document is the front matter. Unfortunately, 
I suspect that teachers often pass over the front matter 
to focus on the specific outcomes, not on the philoso
phy of mathematics education that the program was 
built on. 

Format of the Workbook 

Foundations is organized into ten chapters, each 
consisting of seven to twelve lessons of which the 
last in each chapter is a practice test. Each lesson 
follows a similar pattern: class examples for the 
teacher to go through with the students, a set of as
signment questions on the lesson and an answer key 
for the assignment questions. The lessons may also 
have other components, such as definitions, references 
to previously learned material and previous lessons 
in the workbook, how to access certain features on a 
calculator, warm-up activities and investigations. 
Several of the lessons include an "Extension" section 
that introduces students to material that is beyond the 
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scope of the program of studies and sets out practice 
questions on the extension material. The "Assign
ment'' section of each lesson contains a variety of 
question types that include short answer ( or comple
tion questions), long answer, true/false, matching, 
multiple choice and numerical response.2 The practice 
tests at the end of each lesson include multiple-choice, 
numerical-response and written-response questions. 

Foundations is designed so that teachers use the 
examples provided, and students copy down the an
swers that the teachers give. There is room in the 
workbook for students to write their solutions to the 
questions. At the end of each lesson and each practice 
test there is an answer key for each of the assignment 
and practice test questions. Answers, but not the 
worked-out solutions, are provided for the questions 
in the workbook; the solutions are provided in a sepa
rate solutions manual that the students can purchase 
if they choose. The solutions manual is a condensed 
version of the teacher's manual. Both manuals provide 
a solution to each of the questions. 

What I noticed in previous versions of Foundations 

is that the teacher and student solution manuals pro
vided only one method of completing a question. 
Teachers often followed this solution regardless of 
what might be best for their students. When I have 
used my professional judgment in class and have 
strayed from using the method demonstrated in the 
solutions manual, students question me, stating that 
what I have done is not in the book and, therefore, it 
is not correct. According to Christiansen and Walther 
( 1986), teachers need to respond to their students and 
their students' needs and also to the principles of 
pedagogy that the teacher believes in. This type of 
manual may stifle teacher and student creativity, pre
sent one correct way to do math and take the decision 
making out of the teacher's hands. 

Method 

Foundations is organized into sections titled "Les
sons," "Assignments" and "Practice Tests." Approxi
mately 36 per cent of the pages in Foundations contain 
lessons, 48 per cent contain assignments, 9 per cent 
are practice tests, 5 per cent have only answer key 
content on them and 2 per cent of the pages are blank. 
I analyzed 33 pages (approximately 5 per cent) in 
Foundations; each section was represented propor
tionally in the sample. I used a random number 
generator (www.graphpad. com/quickcalcs/ran
domn l .cfm) to generate 55 numbers to represent page 
numbers in the workbook to analyze. I used 54 of the 
generated numbers, because 5 of the generated num
bers were repeated in the sample, 4 corresponded to 
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answer key pages, I was blank, and 14 were skipped 
because they corresponded to sections that already 
had enough pages in the sample. In the selection of 
the pages analyzed, 14 of the pages were from lessons, 
18 were from assignments and 3 were from practice 
tests. Two of the pages contained both lesson material 
and assignment questions and were therefore counted 
in each category and included in the count for both 
lessons and assignments above. 

The goal of my analysis was to see how the mate
rial presented in Foundations reflects the philosophy 
of mathematics education in the 2008 Alberta pro
gram of studies as presented in the previous section. 
I focused on the words that were used when eliciting 
a response to a question in the three different sections 
of the workbook as listed above. The questions that 
were posed were either for the teachers to use as 
examples for students or for students to answer as a 
part of an investigation or an assignment. I also con
sidered the material that was provided in the lessons 
that was either used as an explanation or definition 
of a concept or process. I broke down the questions 
that I saw in Foundations into five categories: (I) in
stances where students/teachers are asked to explain, 
describe or state a rule, (2) instances where the 
method to be used to solve the problem or answer the 
question is given, (3) instances where the method to 
be used to solve the problem or answer the question 
is not given, (4) instances where alternate representa
tions are given or expected as a response and (5) in
stances where a unique question is asked or a unique 
response is expected. 

The focus in my analysis is to consider how Foun

dations encourages students to consider alternative 
methods of approaching problems. I wondered if the 
style of the questions in Fou/ldations would encourage 
students to explore, think critically or consider alter
native solutions. This query arose from my experience 
with a previous workbook produced by the same 
publisher. The following sections contain the details 
of my analysis, broken down by Foundations section 
and expectation. and a conclusion based on the 
analysis. 

Lessons 

As mentioned previously, Foundations contains 
ten chapters consisting of several lessons each; I 4 of 
the 33 pages analyzed were from lessons. The letter 
that accompanies the workbook states that "the class 
examples are designed to be teacher led" and that 
"each unit contains some exploration or investigative 
work which allows students the opportunity to de
velop new mathematical techniques or formulas." 
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After reading this I was eager to see how the explora
tion and investigation were handled in Foundarions. 

The results of my analysis of these 14 pages with 
respect to the categories of questions asked are shown 
in Table I below. 

Of the 41 instances of questions or directions, I 
consider that only 5 asked the students to "commu
nicate and reason mathematically" (Alberta Educa
tion 2010. 2). According to the philosophy of the 
program of studies, I would expect that one focus of 
instruction in the course would be to have students 
communicate and explain their understanding of the 
concept. What I found most interesting is that ap
proximately 46 per cent of the instruction expects 
teachers and students to complete questions or tasks 
in a specific way. Of the 14 pages analyzed in the 
lesson category, none contained an investigation, as 
was mentioned in the Foundations supporting ma
terials. Nor did I see any questions engaging the 
students in discovering mathematical concepts for 
themselves. 

I do understand that a large portion of examples 
specifically mention a method of solution because 
that particular method is taught in that lesson, and 
therefore the students need to have exposure to that 
method. I saw very little opportunity in these lessons 
for students to take risks or think and reflect indepen
dently (Alberta Education 2010). Even in the cases 
where the specific method was not given for complet
ing the task, the method was implied by the lesson 
that included the task. 

One example, on page 530, asks for an analysis of 
student work where at least two of the three solutions 
are incorrect. The errors in the provided work are to 
be described and the correct answer is to be found. I 
appreciate this type of question because it gives stu
dents an opportunity to think about solutions and ana
lyze possible errors. This skill is necessary for students 
to reflect on their own solutions and possible errors. 
I found only two other instances in the pages analyzed 
where students and teachers are expected to describe 
and think about what they are doing and why. 

Table 1 

Category Number of Examples 
Instances 

Instances where students/teachers are ''Which of the calculations above is the easier 
asked to explain, describe or state a 2 method for ... " p 94 
rule "Explain each of their significance ... "p 477 

"Convert ... using ... " p 145 
"Write ... using ... " p 101 
"Use ... to ... " pp 7, 94,477,540 

Instances where the method to be 
"The method of ... can be applied to ... " p 358 

used to solve the problem or answer 19 
"Estimate mentally ... use a calculator to find ... " 

the question is given 
p 25 

"Complete" (part of the solution is already given) 
pp 63, 599 

"Evaluate" (part of the solution is already given) 
p 94 

"State" p 7 

Instances where the method to be 
"List" p 399 

used to solve the problem or answer 16 
"Determine" p 477 

the question is not given 
"Estimate" pp 25, 145 
"Calculate'' pp 228, 599 
"Write the equation" p 572 

Instances where alternate 
representations are given or expected 0 
as a response 

Instances where a unique question "Write in words the meaning of ... " p 477 
is asked or a unique response is 3 "Describe all errors which have been made" p 530 
expected 
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Assignments 

I performed a similar analysis with the assignment 
pages that accompanied the lessons. Of the 33 pages 
analyzed, 18 contained what were designated as as
signment questions. According to the documentation 
accompanying Foundations, "the assignments are 
intended to be done by the students individually, in 
pairs, or in small groups" (Appleby and Ranieri 
2010, I). There is no mention of projects, extended 
assignments or investigations that students are ex
pected to complete on their own. 

The results of my analysis of the 18 assignment 
pages with respect to the categories of questions asked 
are shown in Table 2 below. 

The majority of the assignments in Foundations 

consist of question styles that either give the students 

the method to use or do not give a method, but ask 
students to calculate or determine. Many of the as
signment questions were the straightforward, do-the
question-the-way-you-were-just-taught type of ques
tion. There were only two instances, both on the same 
page, that asked students to explain their thinking. 
The multiple choice and numeric-response questions 
were also basic complete-and-get-the-answer style. 
There was one multiple-choice question that required 
students to match an item with its corresponding 
value. 

I appreciated the two questions that had a unique 
question style. One of the questions, on page 474, 
asked the students to explain and correct two errors 
in a given statement. This question would challenge 
students more than simply determining answers to 
similar questions would. The second question was 

Table 2 

Category Number of Examples 
Instances 

"Describe" pp 421, 508 
Instances where students/teachers "Write a rule" p 540 
are asked to explain, describe or 4 p 637-After having students complete one 
state a rule question in two different ways: "Which method 

do you prefer?" 

"Solve ... by ... " p 637 

Instances where the method to be 
"Use . .. to ... " pp 421,358 
"Determine ... using ... " p 540 

used to solve the problem or answer 14 
"Without using technology, graph . .. "p 617 

the question is given 
"Estimate the value mentally" then use the 

calculator to verify-p 30 

"Simplify" p 101 
"Sketch'' pp 453, 498 
"Write ... as ... " p IOI 

Instances where the method to be 
"Determine" pp. 498, 574 
"Write the equation" p. 574 

used to solve the problem or answer SY 
"Calculate" p. 230, 498, 508 

the question is not given 
"Verify the solution." p. 6 I 7 
"Arrange the following" p. 270 
pp. 150, 226, 255, 421 contained multiple-choice 

and/or numeric-response questions 

Instances where alternative "Provide two sets of answers to the problem" 
representations are given or expected I p 474 
as a response 

"Explain two errors" p 474 

Instances where a unique question 
"Explain clearly how to use the graph to 
detennine ... " p 4 7 4 

is asked or a unique response is 3 
"Match each item in List I . . .  with the equivalent 

expected item in List 2 ... Each item in list 2 may be used 
once, more than once, or not at all." p 240 
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the matching question on page 240. This question 
was also challenging in that one set of characteristics 
to be matched contained more choices than the other 
set, so not all of the items were to be used. The ques
tion also stated that "each item in List 2 may be used 
once, more than once, or not at all" (p 240). Including 
this statement makes the question even more chal
lenging, because students would have to consider 
each option several times before matching it to the 
appropriate choice. 

Practice Tests 

As the practice tests represented a small portion 
of my overall sample (only 3 of 33 pages), there was 
only a limited variety of questioning for analysis. 
According to the documentation accompanying 
Foundations, ·'the last lesson in each unit is a practice 
test which the students can complete at home or in 
class if time allows" (Appleby and Ranieri 2010, l ). 
The questions that make up the majority of each 
practice test are multiple choice and numeric response 
that ask for an answer to be chosen or given. On each 
practice test there is one written-response question 
that consists of multiple parts. 

The results of my analysis of the three practice test 
pages with respect to the categories of questions asked 
are shown in Table 3 below. 

In the questions on these pages, there was no ex
pectation of different solution methods or strategies, 
though the students could use whatever strategy they 

chose to answer the multiple-choice or numeric-re
sponse questions. The sample contained one written
response question from the practice tests, which asked 
the students to explain why a particular card in a card 
game was valued at a specific value. There was no 
evidence that alternative strategies to complete the 
questions were valued or expected. 

Conclusion 

My analysis of the Fou11dations of Mathematics 
and Pre-Calculus Grade JO Workbook (for Math JO 
Combined) (Appleby and Ranieri 2010) answered 
my query whether the workbook is reflective of the 
intent of the program of studies. I did not see strong 
evidence that this resource fully supports the philoso
phy of the Alberta Mathematics 10-12 program of 
studies (2008). The most common question styles in 
the analyzed pages asked the teacher or the student 
to provide a solution either by a designated method 
or by a method that was assumed to have been taught 
in the lesson. There are few instances of students 
being asked to communicate their mathematical un
derstanding or to express why. I found very few 
questions that challenged students to think about what 
they were being asked to do or to question the validity 
of the processes and procedures they were being asked 
to use. My conclusion is that the use of the Founda
tions of Mathe111atics and Pre-Calculus Grade JO 
Workbook (for Math JO Combined) (2010) for instruc
tion would not support the philosophy of mathematics 

Table 3 

Category Number of Examples 
Instances 

Instances where students/teachers 
are asked to explain, describe or state 0 
a rule 

Instances where the method to be ''Susan solves ... by ... " p 660 
used to solve the problem or answer I 
the question is given 

Instances where the method to be pp 58, 610, and 660 contained multiple-choice 
used to solve the problem or answer 8 and/or numeric-response questions 
the question is not given 

Instances where alternative 
representations are given or expected 0 
as a response 

Instances where a unique question 
is asked or a unique response is 0 

expected 
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education as presented in the Alberta mathematics 
Grades 10-12 program of studies. 

Notes 

I. For ease of reading, I will use the word Foundations to
refer to Foundations of Mathematics and Pre-Calculus Grade 
10 Workbook (for Math 10 Combined) (2010). 

2. This is not meant to he an exhaustive list of the types of
questions in the assignments; it is just a sampling of the assign
ment questions students would encounter. 

3. Many of the questions included in these pages contained
multiple parts that had the same instruction and thus were not 
counted separately. 
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Teaching Ideas 

Irritating Things 

Krista Francis-Poscente, Sharon Friesen and Trevor Pasanen 

Beading with numbers can be an exciting way to 
engage children ·s mathematical thinking and develop 
their proficiency in addition. In this paper, we will 
explore a hands-on problem, "Irritating Things" 
(Galileo Educational Network Association [GENA] 
2009). which combines colour coding with integers 
from O to 9, to create colourful beaded bracelets. In 
solving this problem, students will use logical think
ing and addition to translate the numbers into beads. 
The patterns and relationships in this problem can be 
represented and described with words, tables, num
bers and bracelets. The multiple representations will 
help students organize and communicate their ideas. 
By working with multiple representations, students 
will gain flexibility in their thinking and develop their 
proficiency in addition. The problem has multiple 
solutions; therefore, students can experience different 
ways to solve a problem. Working with problems with 
multiple solutions and representations gives students 
opportunities to discuss and learn each other's 
problem-solving strategies and solutions. This might 
help them gain deeper understanding of addition, 
pattern and their own reasoning ability. "In-itating 
Things" easily lends itself to differentiated instruc
tion, giving all students opportunities for challenges 
and success. While the problem has considerable depth 
and can extend into computer programming, coding 
theory and discrete mathematics at a university level, 
the following activities are targeted to Grades 4 to 6. 

"Irritating Things" Problem 

There are l O beads of different colours, numbered 
from Oto 9. 

.-y2
1. Pick a first and second bead. They can be the same

number, or not. For example, pick bead # 6 and
bead #7. 

!).
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2. To get the third bead, add the numbers on the first
and second beads. If the sum is more than 9, just
use the last (ones) digit of the sum. Adding 6 + 7
equals 13. Using the rules, drop the first digit and
use 3.

3. To get the next bead, add the numbers on the last
two beads used, and use only the ones digit.

4. Keep going until the first and second beads repeat,
in that order.

S. Tie them in a loop to make a bracelet. (Don't use
the last two beads, since they ust repeat the first
two beads.)

Instructional Strategies 

Day 1: Creating a Colour-Coded 
Addition Key 

Before students begin beading, we suggest that 
students make their own colour addition chart to help 
them with the beading addition. In the top row, start 
with the + sign in the uppermost left-hand comer. 
Sequentially, place the numbers O through 9 in each 
column of the top row. In the left-most column, se
quentially place the numbers O through 9. Then fill 
in the table with the accurate operations and colour. 

Developing this colour-coded addition key should 
take one 45-minute class. It is important that all the 
students work with the same colour codes-for ex
ample, a red bead should always be 0. If everyone 
has the same colour code, finding addition errors will 
be much easier. Also, in order that patterns in the 
bracelets be recognized, all beads have to use the 
same number representation. See the appendix for a 
template that can be used in class. 
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Figure 1: Example of a colour-coded 

addition key 

Day 2: Introducing the Problem 

Materials needed: 

• Numerous beads with at least 10 different colours.
Each group will need approximately I SO different
coloured beads. Inexpensive opaque pony beads
from craft stores work well.

• Thick cording or shoelaces to thread beads-five
strings per pair of students.

Demonstrate to the students how to begin to create 
tl)eir b!lcelet. Pick two beads, for example, '�A .
1�. Add the numbers on the beads together: 
6 +. ;; 13. There are no beads that represent 13. 
so there is one more step to find the next bead. The 
rule is to drop off the first digit. When the first digit 
is removed from 13. the next bead is ti). Reinforce 
how to find the next bead with the colour-coded ad
dition key. A SmartBoard is useful for demonstrations 
with the colour-coded addition key. Circle the row 
beside the 6 and the column under the 7. The num
ber 3 is the bead that is where the 6 row and 7 column 
intersect. Students can follow their colour-coded 
addition key with their fingers. 
Next, string the third bead on the shoelace .. 11). 
To find the fourth bead, add the last two beads to
gether: e+ti) = 10. There is no bead that repre
sents 10, so when the first digit is dropped. a • 
remains. Demonstrate how to find the fourth bead 
with the colour-coded addition key. Circle the row 
beside the 7 and the column under the 3. The num
ber 0 is the bead where the 7 row and the 3 column 
intersect. 
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Figure 2: Example of adding 7 + 6 on 

the colour-coded addition key 

Figure 3: Example of adding 7 + 3 

with the colour-coded addition key 

String the fourth bead on the shoelace. 
Encourage students to work in pairs, checking their 

work as they put each new bead on the bracelet. Pair
ing students together encourages collaboration and 
makes the problem easier to tackle. Persuade each 
student to be responsible for the accuracy of the ad
dition. Plan for the bracelet making to take a couple 
of classes to complete. 

Day 4 or 5: Finding the Patterns in 
Class Discussion 

Find bracelets that are the same size. Have students 
compare their bracelets. Lead them to discover that 
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bracelets of the same size are actually the same brace
let. Starting with any two beads on the bracelet even
tually results in the same bracelet. For instance, if a 
student picked O and !.J, the bracelet would be the 
same bracelet with the same length if they picked. 
and •. 

Another interesting pattern is that when the total 
lengths of all the bracelets are added: I + 3 + 4 + 12 
+ 20 + 60 = I 00. I 00 equals the total number of beads
in the rows and columns of the colour coded addition
key. 100 equals IO rows times IO columns for multi
plication-the number of different ways beads can
pair together.

Solutions to "Irritating Things" 
There are exactly six different bracelets, with the 
numbers of pairs of beads of I. 3, 4, 12, 20 and 60. 
Expect many errors in addition. lf the students have 
created a bracelet with a total number of pairs beads 
that is not equal to l, 3, 4, 12. 20 or 60, you can be 
certain that an addition error has been made. Have 
the students find their error. If available, a few parent 
volunteers could help students find the error. Once 
an error has been found, remove all the beads past 
the error. In our experience, students express dismay 
when the error is found and they have to pick up from 
the mistake. However, they very quickly go back to 
beading again. 

One idea for differentiating is to encourage a group 
with slower addition skills to start with one of the 
smaller bracelets. Pick out the beads for O and. 
so that students will find a bracelet that is 12 beads 
long, or pick out the beads :; and C\) for a pair to 
find a bracelet that is 20 beads long. They will find 
success more quickly with a smaller bracelet. 

When students find their bracelet, there are several 
more to be found. The students with quicker addition 
skills can find more bracelets. Ask them to find a 
different-sized bracelet. With differentiation, the 
entire class can be engaged. 

Solution: 

# of pairs 

Sequence 

24 

3 4 

0 0-S-S 4-2-6-8 

12 

2-l-3-4-7-1-
8-9-7-6-3-9

20 

Mapping to the Program of 
Studies 

"Irritating Things" addresses the mathematical 
processes discussed in the front matter of the math
ematics program of studies (Alberta Education 2007). 
"Irritating Things" connects addition to pattern; en
courages the development of fluency with addition, 
visualization of addition and pattern; and develops 
mathematical reasoning through problem solving. The 
colour-coded addition key i:; a guide that can corre
spond to developing strategies for mental addition. 

Students solve this problem primarily by using 
whole-number addition to discover a repeating pattern. 
Throughout the problem solving, students are translat
ing whole numbers to colour-coded beads. The chart 
provides another representation to facilitate the trans
lation. The representation of whole-number addition 
symbolic beads and a pictorial chart address many 
specific outcomes in the program of studies. The fol
lowing figure outlines the specific outcomes by grade. 

Algebraic Extension 
The steps for addition and dropping the l Os column for 

addition provide an excellent exploration for algebra and 
the distributed property. The following explanation is 
beyond the elementary levels of the activities, but might 
be useful for further understanding of the problem. 

This is an algebraic explanation of the solution. 
Consider the first bead as a and the second ash. The 
first bead can be represented as I a+ Ob, and the second 
as Oa + lb. When you add them together-la+ Ob+

Oa + lb, you get the third bead la+ lb. The sequence 
of subsequent beads follows: 

la +Ob 

Oa + lb
la+ lb
la+ 2b 

2a + 3b

3a + Sb

Sa+ 8b 

60 

2-2-4-6-0-6-6-2-8-0-8-
8-6-4-0-4-4-8-2-0

delta-K, Volume 49, Number 1, December 2011 



Figure 4: Specific outcome curriculum mapping for Grades 4 to 6 

(Alberta Education 2007) 
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The next bead requires the special condition of 
dropping the IO digit. We need to apply the distributed 
formula to see how this works. The next bead in the 
sequence is 8a + 13b. Using the distributive formula 
for b. we get 8a + (10 + 3)b = 8a + L0h + 3b. However, 
the rule means that I Ob is equal to zero. Thus, the 
next bead is 8a + 3b. The sequence continues as 
follows: 

8a + 3b 
3a + lb 

la+ 4b

4a + Sb

Sa+ 9b 

9a + 4b 
4a + 3b 

3a + 7b 
7a + Ob

Oa + 7h 
7a + 7/J 

Continuing with this algebraic sequence would 
eventually lead to 60 pairs of beads before the se
quence repeated: the maximum size of the bracelet. 
This is one algebraic proof of the maximum size. 
Notice that if a orb equals 0, then the bracelet will 
be the maximum bracelet size. If a and b both equal 
0. then the minimum bracelet is found. What bracelets
are found with other values of a or h?

Conclusion 

"Irritating Things'' provides an exciting opportu
nity to explore addition and pattern with problem 
solving. Creating a colour-coded addition key rein
forces the correspondence of number and addition. 
Building the bracelets provides a non-pcncil-and
paper method for developing proficiency with addi
tion. Finding that each bracelet of the same size is 
the same bracelet is an exciting discovery of pattern. 
Importantly. this set of activities is rigorous. demand
ing and fun. 

"Irritating Things" is a rich problem that can be 
explored in different ways. For instance. what hap
pens when a different number of beads is used? How 
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about 8 beads? How about 12 beads? Are there more 
bracelets? Or are there fewer? How long is the longest 
bracelet? How long is the shortest? Using different 
numbers of beads takes students into operations with 
a non-IO base. Most of all, have fun exploring this 
investigation into addition and pattern. 
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Appendix: Colour-Coded Addition Key Template 

+ @ CD (?) @ ® ® ® CV @ ®

@ 0 0 0 0 0 0 0 0 0 0 

CD 0 0 0 0 0 0 0 0 0 0 

(?) 0 0 0 0 0 0 0 0 0 0 

@ 0 0 0 0 0 0 0 0 0 0 

® 0 0 0 0 0 0 0 0 0 0 

® 0 0 0 0 0 0 0 0 0 0 

® 0 0 0 0 0 0 0 0 0 0 

CV 0 0 0 0 0 0 0 0 0 0 

@ 0 0 0 0 0 0 0 0 0 0 

® 0 0 0 0 0 0 0 0 0 0 
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Online Calculus Course: 
Combining Two Worlds 

Veselin Jungic and Jamie Mulholland 

Introduction 

The purpose of this article is to describe our experi
ence in creating, promoting and running a web-based 
differential calculus course that has been offered 
through the Centre for Distance Education (CODE) 

at a Canadian university. 
In May 2007, we were asked to design an online 

version of one of the courses offered by the depart
ment of mathematics at a Canadian university. At that 
time, none of the department's mainstream mathemat
ics courses was being offered by distance education. 
The most natural place to start was the first-semester 
calculus course, Math l 50: Calculus I with Review. 
Math 150 covers standard topics in introductory dif
ferential calculus. It is designed to go through the 
required material at a somewhat slower pace, giving 
enough time for the instructor to do examples in more 
detail and to spend more time communicating the 
important ideas that form the base of this mathemati
cal field. Both of us have taught variations of this 
course a number of times over the past several years. 
Over those years we developed all class material 
together: notes. online assignments. paper assign
ments with solutions, a repository of exam questions. 
exam checklists, demos and so forth. All of this mate
rial was created and later edited in electronic form. 

There are two main reasons why we accepted the 
challenge of creating a web-based calculus course: 

• We felt that while building an online course we
could create additional material that might be used
in teaching our live courses.

• We wanted to experiment with the available tech
nology and technological support provided by
CODE to enhance the course material that we had
created over the years.

From the very beginning our approach was to cre
ate an online version of the course that would be as 
similar as possible to our live offerings. The reasoning 
behind this approach was based on our belief that the 
ultimate responsibility of the mathematics instmctor, 
even at the lowest level, is to lead each student through 
the course in a reasonable way, making sure that the 
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student gets a fair chance, with an appropriate amount 
of work, to complete the course to the best of his or 
her abilities. In other words, we believe that the in
structor's role is to be a demonstrator, a motivator, a 
moderator and a (fair!) evaluator. Hence, our starting 
premise in teaching mathematics is that a motivated 
student, in the appropriate learning environment and 
with the right support, has a chance to develop his or 
her mathematical talent to its fullest. Since the struc
ture of our live classes is based on this premise, our 
view was that the online course should keep the same 
stmcture. 

We note that mimicking live courses is not a com
mon approach in teaching distance education math 
courses. For example, Akdemir (2008) claims that, 
"on line learning requires a radical change in the way 
educators do business." 

Clearly the main difference between any live 
course and its online version is in how lectures are 
delivered. Delivering mathematical content in a video 
lecture is not new. Academic Earth, iTunes University, 
Algebra 2 Go, WatchKnow and YourOtherTeacher, 
to name a few, host numerous video lectures at all 
levels of mathematics. Delivery of content in these 
lectures, however, remains somewhat uniform. They 
are either videotaped live lectures or video screen 
captures of a computer screen with a voice-over. In 
our view, there is value in a hybrid of live lecture 
coupled with computer screen captures, even though 
this approach is still in its infancy. In creating our 
course we focused on this hybrid approach and also 
on improving navigation through the recordings. 

A seemingly simple fact-that the level of involve
ment of the instructor in an on line course is substan
tially different from the level of involvement of the 
instructor in a face-to-face class---came as a surpris
ing discovery for us during the first offering of the 
course. This discovery has led us to better appreciate 
our e\·eryday interaction with students in our live 
classes. Also, it became clear to us that the instructor's 
role is the single biggest obstacle in an attempt to 
truly mimic a live offering of a course in its online 
version. 
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Creating the Course 

In addition to the problem of delivering mathemati
cal content, creators of an online lower-division 
university math course, in our view, have to deal with 
the following two important issues: 
• Structuring the course in a way that each student

has to do a fair amount of work during each week
of classes on his or her own-as the saying goes.
"Mathematics is not a spectator sport."

• Taking full responsibility to ensure that a student
who completes the online course is ready to take
the next math course in the sequence.
To meet these two challenges, we abided by the

following principle: to provide the students taking 
our distance education course with an experience as 
close as possible to the live classroom. Thus, our 
online course has the same structure as the live course 
and uses the same material: the same class notes are 
used in lectures, the same online assignments and the 
same concept of paper assignments are used to check 
students' weekly progress, and the two midterms and 
the final exam are created from the same already 
existing repository of exam questions. The main and 
obvious difference is that we deliver the content of 
our lectures using video lectures. Our videos feature 

two windows on the same screen: one shows the in
structor's image and the other serves as a notepad for 
the instructor's writing or as a screen for various 
demonstrations (see Figure l ). Students are directed 
to download a skeleton outline of the notes and follow 
along with the video lecture to fill in the details. Hav
ing the instructor's face (and upper body) in the video 
means that we don't have to constantly be writing; 
we can underline what we are saying by using body 
language, making gestures and facial expressions, 
much as we do in class. Also, in this video we include 
animations and applets that have been created over 
the last few years to help students build their concep
tual understanding of the material. All this is synchro
nized with the audio and video recordings of the in
structor's comments and explanations. 

As mentioned above, throughout the semester the 
students in the course have to do a significant amount 
of work on their own. For example, students are as
signed weekly readings from the textbook, weekly 
practice problems from the textbook, and weekly 
paper and online assignment questions. The online 
questions are made in such a way as to encourage 
students to carefully go through each lecture and the 
course notes and/or use the textbook (see Figure 2 
for a sample question). The paper assignment questions 

Figure 1: A video lecture features two windows: one contains the Instructor's face and 

upper body; the other contains course notes or demonstrations. 
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are chosen from various sources, including other 
textbooks and old exams, or they are constructed by 
the instructor, and are generally more challenging 
than practice problems. This means that students are 
expected to do 25 to 30 problems per week on their 
own. On average about 10 of those problems are 
submitted and fully marked. either online or by a 
teaching assistant. ln our view, an important aspect 
of this process of students' learning is that they can 
discuss course content and assigned problems among 
themselves in chat rooms and on discussion boards 
on the website. Much valuable discussion takes place 
on discussion boards attached to each online assign
ment question, and since each student receives a 
different (randomized) question, the discussion is 
focused more on conceptual understanding of the 
material rather than on identifying the right answer. 
Both of these boards are constantly monitored and 
moderated by the teaching assistants and instructors. 
Students might contact the teaching assistant by 
e-mail or phone during teaching assistant's office
hours to ask for advice regarding homework or a
practice question.

This is similar to how our live course is taught. 
Again. we underline the fact that all the material-the 
skeleton outline of the notes, applets, animations, 

paper and online assignments-is the same as we use 
in the live class. 

The ultimate dream of any math instructor is to 
have his or her students actively involved in lectures. 
This is an everyday challenge in our classrooms, and 
it seems to be another big obstacle in delivering an 
online math course. We believe that our concept, with 
captured audio and video images of the instructor 
explaining concepts to the viewer and completing the 
notes that are on the paper in front of the viewer, 
demands that the online student be an active partici
pant in the lecture. We closely tie all our assignment 
and midterm exam questions to the course lectures 
to emphasize the importance of attending each lecture 
and using all the provided additional material. 

As we have already mentioned, in our view the 
course instructor has full responsibility for all aspects 
of the course. One of the important aspects in teaching 
mathematics is the instructor's role as a moderator 
and a mediator. By mediator we mean the math in
structor's role as a link between students and the 
mathematical ideas and techniques that students need 
to grasp.' By moderator we mean the math instruc
tor's role as one who directs the learning process.2 ln 
a live classroom the instructor talks to a group of 
students and, based on the group's reaction (a question 

Figure 2: A sample question on the online homework assignment. Parameters of the question 

are randomly generated, and the submission is computer graded. 
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during the lecture or sudden silence in the classroom 
or puzzled expressions on students' faces, for ex
ample), she can usually perceive a problem and in
tervene accordingly. Hence, the instructor's mediation 
of the particular math topic and its moderation in a 
live classroom are subject to the interaction between 
the instructor and students in the class. On the other 
hand, we make our recordings as though we are talk
ing directly to the viewer, as explained earlier. We are 
convinced that this is the right method to use when 
recording math lectures for online courses, but we 
are aware that this implies that we are taking a one
size-fits-all approach. We acknowledge this important 
limitation of our recorded lectures. Regarding the 
instructor's role as a mediator and a moderator, this 
limitation stresses the significance of the other ele
ments of the course (notes, readings, assignments and 
discussion boards) and the importance of the quality 
of the recordings, what was done and said, which 
applets were used, and so forth. 

We faced a contradictory situation during the first 
two offerings of the online course. As the course 
instructors and creators, we felt responsible for ev
erything that was related to the course, from checking 
that all resources were posted in a timely fashion on 
the course website to assigning final marks. At the 
same time, we realized that the nature of an online 
course requires that a whole team of people works 
behind the scenes making sure that 

• the website is running properly,
• paper assignments are collected on time and passed

on to the teaching assistant for marking, and
• multiple sites, together with invigilators, are

booked for writing midterm and final exams, and
so forth.

This coexistence (rather than collaboration) be
tween the instructor of an online math course and 
anonymous administrative and technical helpers is 
not without its negative consequences. For example, 
to put paper assignments provided by the creators of 
the course into the standard CODE fonnat and not 
being familiar with LaTeX,' we had a CODE em
ployee convert the original .pdf files into .doc files, 
edit them and convert them back into .pdf files. In 
this process, the assignment questions got mixed, the 
notation got lost, and the beauty of LaTeX got de
stroyed. Another problem is that CODE expects that 
the main contact for students during the semester is 
the teaching assistant in the online course-thus the 
contradiction between the level of responsibility that 
we as the course instructors assumed and the fact that 
we were not expected to be too involved in the day
to-day running of the course. 
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Here we mention a few pitfalls. Prerecorded lec
tures make it impossible to a<;k and answer questions. 
Not having students sitting beside each other to 
confirm understanding is a drawback (however, the 
benefit of the videos is that there is a rewind button, 
so this has an advantage over the live class-we used 
this fact to add a bit of humour to one of our promo
tional videos). Another pitfall is that our live course 
is serviced by a drop-in tutorial centre where students 
have access to teaching assistants five days a week. 
Since the vast majority of students enrolled in the 
on line course are not on campus, they are not in posi
tion to use the drop-in centre. This implies that stu
dents in the online course lack opportunity for their 
work to be checked and corrected (or praised!) while 
they are completing the assignment. Even though we 
and the teaching assistant monitor discussion boards 
on a regular basis, we find that it has been difficult to 
match the communication aspect of the course with 
its equivalent in our live courses. For example, in our 
first offering we had a mature student working full
time and taking our online course. After scoring low 
on the first midterm the student expressed his disap
pointment and frustration by posting a message on 
the course discussion board. We sent him an e-mail 
to encourage him to keep studying, but this caused 
even more frustration on the student's part. In our 
experience, situations like this in a live course would 
be dealt with in a one-on-one conversation between 
the instructor and the student, and a resolution satis
factory to both sides would be more likely. 

The hardware we used to create the videos was a 
tablet PC and an external webcam and microphone. 
We created the note templates with LaTeX and used 
PowerPoint to annotate the notes during the lecture. 
Video screen capture and audio processing were done 
using Camtasia. After the technician at CODE gave 
us a quick tutorial on using Camtasia, we were left 
to do all the recordings ourselves. This was a long 
and, sometimes, very painful process. Here are some 
points to keep in mind. 

• Our estimate is that for each hour of recorded
lecture we had to spend about four hours preparing/
rehearsing, recording, viewing and reworking.

• We believe making recordings of this kind requires
the presence and involvement of at least three
people: the lecturer, a technician and another
mathematician. The role of the second mathemati
cian would be to spot mistakes, either spoken or
written, and alert the lecturer to correct them right
away.4 

• A professional should manage the recording tech
nology. In our experience, manipulating even rela
tively simple technology distracts the lecturer and
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causes unnecessary mistakes, both in what is said 
and in the functioning of the technology. 

• A technician from CODE did all the editing of the
recordings. We believe the editing process should
be a joint project between the lecturer and the
professional technician. We have witnessed that
for this generation of students even small editorial
glitches or an abrupt transition between slides, for
example, can cause frustration.

During the first two offerings of the online
Math 150 course the results on assignments and 
midterm exams matched results from our live courses. 

To promote the first offering of the course, we 
created three short videos and posted them on web
sites of the Department of Mathematics and CODE. 
The clips are also posted on YouTube. Two of those 
clips (Jungic and Mulholland 2009a, 2009b) humor
ously promoted the convenience of an online course 
(see Figure 3). The third clip (Jungic and Mulholland 
2009c) explains in the detail how the course works 
and what the course website contains. The clips at
tracted a significant level of interest from the univer
sity community. and we see that they have inspired 
some of our colleagues to present their courses in a 
similar fashion. 

Conclusion 

We conclude by describing our experience using 
the recorded lectures as a supplement to our live 
courses. After each live lecture we posted our record
ing of the same lecture on the course website. We are 

aware of the risk that there might be students who 
would decide not to come to the lecture (which is 
normally held at 8:30 AM), but our experience has 
been that the vast majority of students use the record
ings in the way that we anticipated. The following 
quote, from a student in the live class taught by the 
second author in the fall semester of 2009, supports 
this claim. "I remember a few lectures ago you men
tioned your online lessons and I figured I would give 
them a shot. Personally, I found them very helpful (I 
watched them all already). They allowed me to fill in 
any notes I missed and gave me a handy review to 
help me through my homework. Nearly every ques
tion I had regarding my notes was easily solved by 
simply going to the respective video. This is a great 
idea. I think every teacher should do this." 

Notes 

I. Each math instruccor brings his or her own knowledge,
understanding (or interpretalion) and emotions inro teaching a 
particular math topic. Thus, cwo instructors might mediate the 
same material to !heir students in different ways. 

'.2. An instructor who needs to introduce (mediate) the idea of 
the limit of a function to his 8:30 am ealrnlus class for engineers 
and his 11 :30 am calculus class for social science students will 
prohably modernte the topic in cwo different ways. 

3. Editor's note: LaTeX is a typesetting system thal is most
often used for the production of technical and scientific docu
ments. More information is available at www.latex-projecc.org. 

4. We learned the hard way that the camera has no mercy;
misprincs. dysfunctional technology, stumbling. or a phone ring
ing in the background might momentarily destroy a recording of 
the best lecture the world was ahout to witnes,. 

Figure 3: Scenes from the promotional video, which features a student struggling to get to his 

8:30 am class on time. The student then finds the on line course a convenient alternative. 
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The Alberta High School Mathematics Competition 

Part I, November 16, 2010 

1. The numbPr of µositiw integers n such that the number 4n hai,; C'xactly two digits is

( a) 21 (b) 22 (c) 23 (d) 24 ( e) 25

2. A 4 x G plot of land is divided into 1 x 1 lots by fonces parallel to the edges of the plot, with
fences along the edge's as well. The total leHgth of fence:,; is:

(a) 58 (b) 62 (c) 68 (d) 72 ( e) 96

3. The greatc•st common divisor and lt>ast commo11 multiple of two positive integns arc 1 c'lnd
10 respectin'ly. If 11either of thf'm is equal to 10. thC'ir sum is equal to

(b) G (c) 7 ( d) 11 (e) none of these

4. The number of pairs (:r. y) of no11-11eg11.tivc integers snc-h that 3.r + 2y = 27 is

(a) 4 (b) 5 (c-) 8 (cl) 9 (C') 10 

5. In the sequence 1. 2, 3. 4, 6. 7. 8. 9 ..... obtained b:v delf'ting the multiples of 5 from the 
sequence of the positive integers. th<' 2010th term is 

(a) 2511 (b) 2512 ( c-) 2513 (cl) 2514 ( f') none of thc$e 

G. Alice'. Brian. Colin. Debra and Et hC'l arc• in c1 hotel. Thf'ir rooms are on fioor::; 1. 2, 3, 21
alld 40 respt>c-tivclr. In ordf"r to minimize the total m1mber of floors the')' havc to cover to get
together. thf' floor on which the get-together should bC' is

(a) 18 (b) 19 ( c-) 20 (cl) 21 ( C') none of these

7. A sqnarp pigeon coop is divic!C'd b:v interior m�lls into 9 square pigeonholes in a 3 x 3 c:onfig
mation. Each of two pigeon:; chooses a pigeonhole at random. possibly the same one. The
probabilit)' t hHt t hf'y choose two hole's on t hC' opposite sidt>s of an interior wall is

(b) ! ( C') '2� 

8. Th<' set of all Yalues of thP n•al number .r snc-h that ! < -3 < .r is

(a) {.r :S -1/3}

(d) {-1/3 :S .r < O}
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(b) {-3 :S .r :S -1/:1}

(c) none of these

(c) {-3 :S :r < O}
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9. In the quadrilateral ABCD. AB is parallel to DC, DC=2AB. LADC=30° c1nd LBCD=50°.
Let M be the midpoint of CD. The measure of LAMB is

(a) 80
° (b) 90° ( (') 100° (cl) 110° (e) 120°

10. V-./e are constructing it-ios,cles but non-e4uilateral triangles ·with positive areas and integrnl side
lengths between 1 and 9 iudnsive. The 1111mlwr of such triangles ,vhich are non-congruent i1;

( a) 16 (b) 36 ( C) 52 (d) 61 ( e) none of these

11. In each of the following munbern, the exponent1; are to be evalirn.t.0d from top down. For
instance. ab

c = aWl. The largest one of these five numbers is

o2 

( e) 322-

12. A gold number is a positive integer \Vhich can be expressed in the form ab+ a + b. when.' a

;,,nd bare positive integers. The number of gold numbers Letwecu 1 and 20 inclusive is

( a) 8 (b) 9 ( c) 10 (d) 11 ( e) 12

13. The edges DA. DB and DC of a tetrahedron ABCD are perpendir:ular to one another. If
the length of DA is 1 cm and the length of each of DB ,md DC is 2 cm. the radius. in ,m.
of the sphere passing through A. B, C and D is

(e) none of these

14. Let .f(:r) = ;r:2 and g(;r) = J�. \\'C' apply .f and g alternatiYely to form

and so on. After we have applied f 50 times and g 49 tin1C's. the answer is :rn where n is 

(a) 148 (b) 296 ( d) 229ci ( e) none of these

15. Triangle ABC hrn; an'a 1. X. Y are poiuts on the side AB and Z a point on th0 side AC such
that XY = 2AX. X Z is parallel to YC and Y Z is parallel to BC. The area of XY Z is

(b) i7 
( c) l

9 ( d) �

16. The number of integer::; 11 for whid1 n:, - 3n + 2 is divisible by 211 + 1 is

(a) 3 (b) 4 (c) 5 ( d) G (e) 8
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The Alberta High School Mathematics Competition 

Solution to Part I, 2010 

1. Sine<' 10 :S: -ln :S: 99. 3 :S: 11 :S: 2-l. Hence there arc 24 - 3 + 1 = 22 such values. The answer is
(b).

2. There Rrc 7 fences of lcngt h 4 and 5 fences of length 6. Thc totc:ll lPngth is 7 x 4 + 5 x 6 = 58.
The answer is (a).

3. Since the least common multiple· is even, at lcRst on(' rn1111bcr is even. Since the greatest
common divisor is odd. rxact lv one number is even. \·re um shm,; in a similar mauncr that
cxactly one of the two 11m11bcrs is divisible by 5. Since neitlwr is 1(), onP of them is 2 and the
other is ;"), yi<'lcling R snm of 7. Tlw arnrwcr is ( c).

4. '.\'ote that .r umst be odd, nnd .T = 9 - -¥- Since y 2'. 0 .. r :S: 9. Thus there are 5 triples
(.c. y) = (9. 0). (7.3), (5.6). (3.9) and (1.12). The ansYvPr i� (b).

5. '.\'otc' that 2010 x 1 = 2512.5. There are 502 multiples of ,5 from 5 to 2510 inclusive. Hence
2512 is the (2512 - 502)-t.h or 2010-th number in the punc-tnrC'd sequence. The' ans,vcr is (b).

G. AlicP aud Ethel an' 39 floors apart. and as long as the grt-togcthcr floor is iu between, the
total 1rnmher of floors they cover is 39. Similarly. the total rmmber of floors Brian and Debra
cowr is 19. The rni11im11111 1111mbc1 of floors Colin c-owrs is 0. whcu t hC'y get togethn 011 floor
3. The ,mswC'r is ( e).

7. The pigeons can choose the pigeonholes in 9 x 9 = 81 ,ni:\·s. ThC'rc are 12 pairs of rooms
separated b\ an interior wall. SincP the pigc'ons can choose these two rooms in 2 ways, the
desired probability is 2;�2 = ],- The cmswcr is (d).

8. SincP � :S -3, .r :S: 0. f\lultipl:ving by -f ,Ye haw-} :S: .r. H�ncf' t.hc set of all values of 1· is
{-½ :S .r < O}. Thc answC'r is (d).

9. Siucl' A.B = DM and AB is parnllf'l to DM. AB.'1 Dis a parallelogram. Similarly. ABC Mis
8 parallelogram. Therefore, LAM D = LB(' D = 50° and LB,UC = LADC = 30° . Therefore,
LA.AJB = 18(l° - L4MD- LBMC = 180° - soc - 30° = 100° . The answer is (c).

L\Z
B

� 
D JI C 

10. \\"e first c-01111t the triangles in "·hich the <'qua! sid('s of l('nµ:tl1 I , 11· 
-

1 ,mger than the third side,
which urn hC' of length from 1 to k-1. Summing from k = l 1u :.;. ,. . .,,n+J+2+- · ·+8 = 36
such triauglr>s. \Ye now count tlw triangles in ,,.hich the equal sides m ., .• �th k are :;horter
than the third side. , , ·hich can be of length from k + 1 to 2/, - 1. Summing from k = 1 to 9,
we h,ffC' 0 + 1 + 2 + 3 +-± + 3 + 2 + 1 + 0 = lG. The total is 3G + 16 = 52. The answer is (c).
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11. The first three choices are C'qual respecti\'d:V to 22'''\ 22"12 and 2261
• Clearl:v. the second one is

the largest among them. The fourth number is C'qual to i{1r;

. Since 2512 = 42 ':;G > 3 2?i6 > 3 16,
the second number is larger than the fourth one. The fifth number is equal to 3 2

w. Clearly,
222r,c

; = 422
::,

5 > 3 22
'" > 3 2

1H
. Hence the second number is the largest among the five choices.

The auswer is (b).

12. :'\ot.c that ab+ a+ b + 1 = (a+ l)(b + 1). Every composite number can he' ,nitten in this
form and no prime number can be writt<>n i11 this form. Therefore. the positive integers t.hat
are not gold numbers arc those that arc ow' less than a prime. B:v simple counting. we see
there arc 8 primes from 2 to 21. Therefore. the number of gold numbers between 1 aud 20
iudusive is 20 -8 = 12. The answer is (e).

13 . The sphere which pass<"s through A, B, C' and D abu passes through the other four yertiees 
of a 1 x 2 x 2 bloc:k having A. B, C and D as four of its vertices. Since the space diagonal 
of this block is of length J22 + 22 + 12 

= 3. the radius of the ::;phcre i::; �- The answer is (a).

14. Each application of .f doubles the exponent ,vhile each application of g quadruples the ex
ponent. After 50 applications of f and 49 applications of g. the exponent has been doubled
50 + 2 x 49 = 148 time>s so thi:lt n = 214R

. The answer is (c).

15. Denote the area of trianglE' T by [T]. Since triangles AX Zand AYC arc similar. ZC = 2AZ.

Since triangles AYZ and ABC arc similar. YB= 2AY. It follow::; that

, 2 , 2 2 2 
[XYZ] =

3
[Al Z] =

9
[AYC] =

27
[ABC] =

27
. 

The answer is (b). 
A 

B 

lG. \Vhen 113 -311 + 2 is dividf'd by 211 + 1. t hf' quotient i::; n; -1- \1 and the rC'111ai11der is 2;. Hence
8(n:3-3n+2) = (2n+l)(-l-n2-2n- 11)+27. so that 2n+l dividesn3-3n+2if and only if it
dividci:; 27. The s<'t of all values of 11 for \\'hich 2n + 1 divides 27 is { -14. -5. -2, - 1. 0. 1. 4, 13}, 
and thcrf' are 8 such values. The answer is (e). 
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Problem 1. 

The Alberta High School Mathematics Competition 

Part II, February 2, 2011. 

A cross-shapl'd. fignrc- is 111adc up of five unit squares. Det.Nmiur. which has the larger area, the 
circle touching all eight ontsicle corner::-; of t his figure, as shown in the diagralll brlow on the left, or 
t lw squarr touching t hr same eight corners, a!> shown in the diagram belm:v on t.he right. 

Problem 2. 

There is C'xactly one triplc> (.r. y .. :) of real numb0rs such thRt .r2 + .1/
D0t<'rmine the Yalue oft. 

Problem 3. 

2,:; and ;· + .(J + ;:; = t.

On the sidt> BC' of triangle ABC' Rn' points P and Q such that P is closC'r to B than Q and 
LP AQ = ½ LBAC. X and Y arc poiuts 011 Iin<'s AR and AC. respectively. such that LX PA. = LAPQ 
,rnd LYQA = LAQP. Prove that FQ = P✓-'( + Q1' 

Problem 4. 

Determi110 all thC' functions f from thC' set of inkgC'rs to the set of positiw int0gprs such that 
f(n - 1) + ](11 + 1) ::; 2f(n) for all intrgc-rs 11. 

Problem 5. 

SrvP11 trmm; gather aud each pRir of tearns pL-ff one- of thrf'e sports. such that no set oft hree teanrn 
all pla:v I hr same' sport among thcmsclws. A triplet of tPams is :-;aid to be divr.rse if c\11 three :-;ports 
,1n• plawd among t hemsdvcs. \Vhat is the maxim nm possihlr 11m11her of diw'rS(' triplrts among the 
sevPu teams'! 
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Problem 1. 

The Alberta High School Mathematics Competition 

Solution to Part II, 2011. 

The diameter of the circle. being the diagonal of a 1 x 3 rectangle, is ,Jio. :;o the area of the cirdc 
is n( v'Io/2) 2 

= 

5
2" .  The diagonal of the square is-:!, :;o the side of the square is � = 8. Since 

1T < 3.2 = 1
5
6, we have 5; < 8. Thus the square ha.;; greater area than the circle.

Problem 2. 

Elimiuating z. we havP x2 + y2 = 2(t - T - y) tiO that (:r + 1)2 + (y + 1)2 = 2(t + 1). In order to
have a unique solution for :r and y. we nnu,t have 2(t + 1) = 0 or t = -1. 

Problem 3. 

Let. Al be the point on PQ such that LHAP = LEAP. Then 

LMAQ LPAQ- LMAP 
1 
2

(LABC - LM AB)

1 
2
-L.MAC

LCAQ. 

Since LX PA = LM PA. triangles X AP and .1/AI' are congruent by the ASA Postulate. so that 
PX= PM. Similarly, we can prove that Q1' = Q1'\l. so that PX+ QY =Pl\!+ QM= PQ.

A 

Problem 4. 

Siuce f(n) takes on only positive integral Yalucs. it has a minimum vaJue m. Let 11 be such that 
f(n) = m. Then 2m S f(n-l)+f(n+l) '.S 2f(n) = 2m. which implies that f(n-1) = J(n+l) = m
also. It follows easily that J(n) = 111 for all integers n. 
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Problem 5. 

We> firnt i-;how that the co11ditio11s of the problem ca11 be satisfied. Construct a graph where t.he 
tearns arc representc'd by vertices T;. 0 S i S G. In the diagram below. ,,_.e partition the graph into 

three subgraphs. Two teams play 0.<1c-h ot hc>r in the first sport if aud only if t hE' vertices r0.presenting 
them are joined b)· an edge in the first suhgrnph. the sen.md sport in the second :;ubgraph aucl the 

third sport in tlw third :;ubgraph. :'\one of the subgraphs contains a triangle. 

Tu 

The edges in the SrUlH' subgraph haw tlH' sm11t' kngth. and those in difkrc11t subgraphs have 

different lengths. Iu geometric terms. a diwrsc triplr is a scalPne tria11gle. Then:' is basically one 

s11d1 trianglr. namely T0T1T;1 • Six others can be obtained from it by rotat.ion. and sewn more by 

rdic,cti011. Thus we' 11111:v have as nrn.ny as 1.1 su1.k11e triangles. 

\\"e now prow that there are 111 most 14 diw•r::-;c• Triples. Construct a rn111pk•te graph on 7 vertices 

which rcpn':•n1t tlw 7 t('arns. Paiut an cdgC' in tlw i-th C'Olour if the teams represent.eel by its 
endpoints phv <'ac-h othN in tlH' i-th sport. 1 S i S 3. A triangle iH diven;e if all three sicks arc 

of different colours. and 11011-diY<'rse otherwise. Since thcrc me nu monoc:hromatic triangles, a 11011-
diYPrsp triangk has tv,o 8icks of the same ('()]onr. Call the vertex at tile' junction of the two sides 
of tlw same colom its pivot. ThP number of pi\·ots is eqnal to the 1mrnber of nou-diverse triangles. 

There HH' :;ix edges incident ,vith l'ad1 wrt ex. If at lea�t :J of them are of the :-;ame colour, then 
this vertex is the pirnt of at least 3 11011-cliwrsc triangks. If 110L. thC'n exactly 2 edges are of each 

colour. so that the vertex is tlw piYot of exactly 3 isos<·cl<'S triangles. Hence C'ach yertex is the pivot 
of at IC'Ast 3 11m1-diwrse triangles. SimP then' 11n' 7 \·erticPs. this hri11gs the total to at least 21, so 

that the maximum 1111111hcr of divPrs<' triangles or diwrsc triples is 14. 
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Print ID#: _____ _ 
Total = 

90 
Student Name: School Name: _________ _ 

-------------

{Print: First Name & Last Name ) 

2011 Edmonton Junior High Math Contest 

Multiple Choice 

(PRINT neatly using CAPITAL letters) 

Part A: (4 pts each) Part B: (6 pts each) 

I. E 6. D

2. B 7. B

.., 
., . E 8. D

4. C 9. D

5. B 10. B

Instructions: 

11. 

12. 

13. 

14. 

15. 

Numeric Response 

Part C: (8 pts each) 

I 

1005 

15 

28 

77 777 779 779 

I. Grid paper, scrap paper, and non-programmable calculators ARE permitted. You may write on the booklet.

2. Programmable calculators, cell phones, and wireless devices ARE NOT allowed.

3. To avoid others from seeing your answers, DON'T print your answers TOO LARGE, and be sure your answers are
HIDDEN FROM VIEW at all times.

4. Each CORRECT ANSWER in:

• Part A is worth 4 points,

• Part B is worth 6 points,

• Part C is worth 8 points.

5. Each BLANK in:

• Part A is worth l point,

• Part B is worth 2 points,

• Part C is worth O points.

6. Each INCORRECT ANSWER is worth O points.

7. You have 60 minutes of writing time.

8. When done, carefully REMOVE and HAND IN only this COVER PAGE.

MARKER USE ONLY 

Part A: x4+ X 1 = 

{# Correct) (#Blank) 

Part B: x6+ x2 

(# Correct) (#Blank) 

Part C: X 8 
{# Correct) 

Total: = 
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2011 Edmonton Junior High Math Contest 

Part A: Multiple Choice. Place the letter that corresponds to the correct answer on the blank provided. 

Each correct answer is worth 4 points. Each unanswered question is worth 2 points, up to a maximum of 

3 blanks in parts A and B combined. 

1. The square root of half Mitchell's age in years is half the sum of the first 3 prime numbers. What is
Mitchell's age in years?

A)9

8)10

C) 18

0)25

E) 50-

Let a = Mitchell's age 

fa= 2+3+5
�2 2

a - =25 

a = 50 

Mitchell is 50 years old. 

2. A bag contains red, yellow, and green gumdrops. Of the total, .!. are red, .!. are yellow, and the remaining 70
4 3 

gumdrops are green. How many gumdrops are in the bag? 

A) 120

B) 168-

C) 192

D) 204

E) 210

Let x = # of gumdrops 
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I I 
-x+-x+70 = x
4 3 

5 
70= -x 

12 

168 =x 

The bag contained 168 gumdrops. 

3. Kendra has a basket containing 4 types of fruit. She has 3 times as many bananas as apples. There are 4 more

pears than bananas, and 2 less lemons than apples. What is the least number of pieces of fruit that could be in

Kendra's basket?

A) 10

B) 14

C)l8

0)20

E) 26 <---

x = # of apples 

3x = # of bananas 

3x + 4 =#of pears 

x - 2 =#of lemons 

x + 3x + 3x + 4 + x - 2 = 

-------

Since there is at least one of each type of fruit, in order for there to be one lemon, x must be 3. By substitution, 

this will yield 26 fruits.Therefore, the answer E) 26, x= 3, which yields a positive integer for each type of fruit, 

is the answer. 
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4. In the figure shown, at the right, the radius of each circle is 3 cm. The centres of the circles represent the

vertices of a square. What is the area of the closed shaded region, to the nearest square centimetre?

A)4

8)6

C)8-

D) 16

E) 18

The area of the square - 4( one-fourth of a circle)= the shaded region. 

2 2 
s - Jr r = 

7.72 

To the nearest square centimetre the answers is 8. 

S. In the figure shown at the right, the length of segment AB = 16 cm and the length of segment CD = 6 cm.

What is the radius of Circle C, to the nearest centimetre?

A) 8

C) 14 

D) 17

E)20

C 

A B 

Draw in the radius from A to C. A right triangle is fom1ed. Use the Pythagorean property to find the radius, r. 

r= ✓lQO 

r= 10 

The radius is IO cm. 
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Part B: Multiple Choice. Place the letter that corresponds to the correct answer on the blank provided. 

Each correct answer is worth 6 points. Each unanswered question is worth 2 points, up to a maximum of 

3 blanks in parts A and B combined. 

6. What is the sum of the first 63 terms of the following sequence?

I, -2, 3, -4, 5, 1, -2, 3, -4, 5, l, -2, 3, -4, 5, I, -2, 3, -4, 5, .... 

A)34

8)36

C)37

D)38 +

E)40

The pattern I, -2, 3, -4, 5 occurs 12 times in the first 63 tenns. 

I + (-2) + 3 + ( -4) + 5 = 3. 

The 61 st term is 1, the 62nd term is -2, and the 63 rd term is 3.

(12)(3) + 1 + (-2) + 3 = 38. 

The sum is 38. 

7. The fust 13 terms of a number pattern are shown below, What is the I 5th 
term?

I, I, 2, 2, 4, 6, 3, 9, 12, 4, 16, 20, 5, ... 

A) 25 

B) 30 +-

C) 35

D)36

E)38
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The following table shows a pattern to the sequence of numbers: 

Starting number Square the starting Starting with 1, add the Divide the previous 

number next consecutive integer number by the same 

to the previous number. number that was added in 

the previous step 

I 1� = 1 1+1=2 2+1=2 

2 2�= 4 4 + 2=6 6�2=3 

3 J-= 9 9 + 3 = 12 12�3=4 

4 4- = 16 16 + 4 = 20 20 + 4 = 5 

5 5-= 25 25 + 5 = 30 30 � 5 = 6 

(This is the 15
th 

term.)

Or 

There are tlrree separate patterns here. 

I I 2 2 4 6 3 9 12 4 16 20 5 

Red is 1, 2, 3, 4, 5 consecutive numbers 

Green is I, 4, 9, 16 square numbers 

Blue is 2, 6, 12, 20 ... we can say it's +4 , +6, +8, + 10 in between terms. This would give 20 + 10 = 30. Or a 
more elegant solution would be n(n+ I)= 5(6) where n is the term number 

8. A large cube with an edge of 8 cm is made from the least possible number of centicubes. Although the object

looks solid, it is hollow inside . How many centicubes are needed to make the object?

A )  96 

B) 169

C) 216

D) 296 +--

E) 38 4

If the large cube was solid it would be made up of 83 centicubes. The hollow portion inside has a volume of 6
3 

cm3
. So, the numbers of cubes needed is 83 

- 63 = 296. 
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9. If (I, 2) and (-1, -2) are two vertices of a square, which of the following points could not be another vertex of

the square?

A)(-2, I) 

8)(2, -1) 

C)(3, -4) 

D)(4, -1) <

E) (5, 0)

Label point(], 2) with X. Label point (-1, -2) with Y. Label the points in the answer with their corresponding 

letter, A, B, and so on. Plot 

and label the points. 

X 

A 

E 

B D 

y 

- C

Use the origin as the tum center, rotate point X 90 ° three times, and the images of X will be at points B, Y, and 

A. Use the point (2, -1) as the tum center, rotate point X 90° three times, and the images of X will be at point E,

C, and Y. Therefore, only point D ( 4, -1) could not be another vertex of a square.
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10. Let ABCD be a quadrilateral with AB parallel to CD and CD= 2AB. Let Ebe a point on CD so that AE is

parallel to BC.

Find the ratio of the areas of ADE to ABCD. 

A) I : 4

B) I: 3 -

C) I: 2

D) 2: 3

E)3:4

D 

A 

E 

B 

C 

Since AB is parallel to CD and AE is parallel to BC, quadrilateral ABCE is a parallelogram. 

Therefore, side AB is equal to segment EC. Since CD= 2AB, CE= ED. Since AB is parallel to CD, all three 

triangles have the same height. Therefore, the three triangles are congruent and are equal in area. The ratio of 

the areas of triangle ADE to quadrilateral ABCD is I : 3. 

48 delw-K, Volume 49, Number 1, December 2011 



Part C: Numeric Response. Place the correct answer on the blank provided. Each correct answer is 

worth 8 points. Each unanswered question is worth 0 points. 

11. Find all natural numbers n 2: 1 for which n(n-1 )(n+ I)+ 3 is prime.

n, n-1, and n+l represent 3 consecutive integers. Therefore, n(n - l )(n + 1) is a multiple of 3. The sum of a 

multiple of 3 and 3 cannot be prime. Therefore, n(n - I )(n + I) must be equal to zero. By the zero property, 

three cases occur: n = 0, or n - I = 0, or n + 1 = 0. The first and third cases yield numbers that do not satisfy the 

condition that n 2: I, therefore, the case, n - l = 0, is the only one that works. There is only one answer, and that 

is n = 1. 

12. The numbers between l and 2011 are written on a piece of paper. Logan circles the even numbers with red

circles and Miranda circles the multiples of5 with blue circles. How many numbers are circled with only one

color?

Logan circle 1005 numbers, Miranda circled 402 numbers. The only numbers which are circled by two colors 

are the multiples of 10; thus there are 201 numbers circled both with red and blue colors. There are 1005 - 201 

= 804 numbers circled only with red, and 402 - 201 = 20 I numbers circled only with blue. In total there are 804 

+ 201 = 1005 numbers circled with only one color.

Or 

Using a venn diagram, we have {multiples of 2} + {multiples of5} - 2 x {multiples of 10} 

= (201 (/2) + (2011/5)- 2 X (2011/10) 

= 1005 +402-2(201) 

= 1005 + 402 - 402 

= 1005 

13. The table below shows the integers from I to 25 in a 5 by 5 array. Choose five of the numbers, with one in

each row and one in each column, such that the smallest of the five chosen numbers is a large as possible. What

is the largest possible value for this number?

11 17 25 19 16 

24 10 13 15 3 

12 5 14 2 18 

23 4 I 8 22 

6 20 7 21 9 

At the most four of the five numbers chosen can be from those on the border of the array. That means that at 

least one number among the nine at the centre can be chosen. The largest number there is 15. Therefore, the 

smallest of the chosen numbers cannot be greater than 15. By choosing 15, 25, 18, 23, and 20, there are five 

numbers with no two in the same row or column, and the smallest of them is 15. 
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14. In the diagram below, triangle ABC has a right angle at A and AB= AC. A circle passing through A cuts

AC at E, AB at F and CD at D, with AE = AF. If the measure of angle CAD is 17°, what is the measure of angle

ACF?

13 

Angle A is a common angle to both triangle AFE and ABC. Angle AFE = angle ABC= angle AEF = angle 

ACB = 45° . Thus, triangle AFE is similar to triangle ABC. 

17° = Angle CAD = angle EAD = angle EFD as the two angles are subtended by the same arc DE. 

FE is parallel to BC. Angle EFD = angle EFC = angle FCB because they are alternate interior angles. 

Angle ACF= angle ACB - angle FCB = 45° - 17° 
= 28°. 

The measure of angle ACF is 28° . 

15. What is the smallest positive integer which is divisible by both 7 and 9, each digit is 7 or 9, and there is at

least one 7 and at least one 9?

To be divisible by 9, the sum of the digits must also be divisible by 9. Since 7 and 9 have no common factors, 

the number of copies of 7 must be a multiple of 9 as well. Since there is at least one 7, there are at least nine of 

them. As for divisibility by 7, all the digits 7 may be replaced by O and digits 9 by 2, so we are looking for the 

smallest positive multiple of7 whose digits are O and 2. This is 2002. Putting everything together, the number

we want is 77777779779. 
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THE CALGARY MATHEMATICAL ASSOCIATION 

35thJUNIOR HIGH SCHOOL MATHEMATICS CONTEST

I\1ay 4, 2011 

NAME: 
---------------------

PLEASE PRINT (First name Last name) 

SCHOOL: ________________ _  _ 

GENDER: D 
M 

GRADE: 

(7,8,9) 

□ 
F 

• You have 90 minutes for the examination. The test has I Itwo parts: PART A ·- short answer; and PART B -- MARKERS' USE ONLY 

long answer. The exam has 9 pages including this one.

• Each correct answer to PART A will score 5 points.
You must put the answer in the space provided. No

part marks are given.

• Each problem in PART B carries 9 points. You should
show all your work. Some credit for each problem is
based on the clarity and completeness of your answer.

You should make it clear why the answer is correct.

PART A has a total possible score of 45 points. PART

B has a total possible score of 54 points.

• You are permitted the use of rough paper. Geome

try instruments arc not necessary. References includ
ing mathematical tables and formula sheets are not

permitted. Simple calculators without programming

or graphic capabilities are allowed. Diagrams are not
drawn to scale. They are intended as visual hints only.

• When the teacher tells you to start work you should
read all the problems and select those you have the
best chance to do first. You should answer as many

problems as possible, but you may not have time to
answer all the problems.

PART A 

x5 

Bl 

B2 

B3 

B4 

B5 

B6 

TOTAL 

(max: 99) 

BE SURE TO MARK YOUR NAME AND SCHOOL AT THE TOP OF 
THIS PAGE. 

THE EXAM HAS 9 PAGES INCLUDING THIS COVER PAGE. 

Please return the entire exam to your supervising teacher 
at the end of 90 minutes. 
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PART A: SHORT ANSWER QUESTIONS 

Al 

A2 

A store sells pies. Each pie costs the same price and two pies cost $8. How much do 
three pies cost? 

I\' ahlah 's living room is as shown in the diagram, with all distances in metres and 
with all angles 90°. What is the area (in square metres) of her living room? 

3 

5 _f 
4 

A3 Doan mixes together 1 litre of 1 % butterfat milk, 2 litres of 2% butterfat milk and 4
litres of 4% butterfat milk. What percentage of the resulting seven litres of milk is 
butterfat'? 

A4 Nine people, all with different heights, are sitting around a circular table. What is
the greatest possible number of people that. could be taller than both persons sitting 
next to him/her? 

AS The number 111 ... 1 has 102 ones, and the number 222 ... 2 has 101 twos. Suppose
you do the subtraction 111 ... 1 - 222 ... 2 to get a whole number. What is the sum 
of the digits of this whole number? 

� 

GJ 
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A6 In the following 8-pointed star, what is the sum of the angles A, B, C, D, E, F, G, H?

D 

H 

A 7 Sixteen coins, numbered 1 to 16, are each red on one side and blue on the other side.
Initially, all coins have their red sides facing up. The coins that are multiples of 2 are 
turned over. Then the coins that are multiples of 4 arc turned over. Then the coins 
that arc multiples of 8 are turned over. Then the coins that are multiples of 16 are 
turned over. Afterwards, how many of the coins have the red side facing up? 

A8 Five points A, B, C, D, Elie on a line segment in order, as shown. The segment AE

has length 10cm. Semi-circles with diameters AB, BC, CD, DE are drawn, as shown. 
The sum of the lengths of the semicircles AB, BC, CD, DE can be written in the form

Jrn for some number k. What is k? 

A B C D E 

A9 Suppose that a and b arc positive integers, and the four numbers

a+ b, a -- b, a x b, a-;- b 

are all different and are all positive integers. What is the smallest possible value of 
a+ Ii? 
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PART B: LONG ANSWER QUESTIONS 

B 1 Aril"l purdrn.�ed a c-Ntain amount of apricots. 90% of th(' apricot weight was water. 
She driC'd thC' apricot.s unt.il just 60o/c of the apricot weight was water. 15 kg of water 
was lost. in the process. \Vha t was the original weight of the apricoti; ( in kg)? 

Solution 1: Let 1: be th<' original weight of th<> apricots (in kg). Then in the original 
apricots. '-;� kg of the apricots is \vatcr. Since 15 kg of th0 water is lost dnring the 
drying process. �� - 15 kg of the water rf'mains and the apricots weigh ..i: - 15 kg. 
Since 603/c of thl" dric-•d apricot weight is watf'r. W<' haw' 

9
:r - 15 60 310 - - = -

.c - 15 100 5 

Cross multiplying yields 5(jt - 15) = 3(:r - 15). or eqniYalently. 9f. - 75 = :Jx - 45.
ThPrefore rr - :3.r = :w. which simplifi0s to 3

2
' = 30. HC'11CC'. :tr = 60. Solving for .1: 

yi<'lcb J" = 20. 

Thf'refor0. the original WE'ight of the apricots is 20 kg. 

Solution 2: In thE' dried aprirnt::;. the water is 1c�� = ¥, of the apricots. Therefore.
the ratio of the wat<'r to t.he non-water part of the dried apricots is 3 : 2. The ratio 
of the wat0r to the nou-water part of the original apricots is 9 : 1 = 18 : 2. Tlw 
non-water W<'ight remains thP s,ull<' throughout th<" drying process. HcncP. we cau let 
2:1· b<' the weight of the non-wHt<'r part of the dri<'<l apricots. ThC'n 18x is the weight 
of the water beforf' drying and 3.r is th0 weight of the water aftc,r drying. Sin,E' 15 kg 
of t lw watC'r is lost. 18.r - 3.r = Vi. i.('. 151· = 15. which yi0lds .r = 1. The origin11l 
w0ii,!;l1t of the apricots is 18.r + 2.r = 20.r = 20. 

Therefore. thl" original weight of thl' apricots is 20 kg. 
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B2 A group of ten friend::; all went to a movif> together. Another group of nine friends also

weut to thP same movie together. FourteC'n of these 19 people each bought a rC'gular 

bag of popcorn as well. It turned out that the total cost of the moviE' plus popcorn 

for oue of the two groups wm; the sanw as for the other group. A movie ticket costs 

$6. Find all possible costs of a regular bag of popcorn. 

Solution 1: Since more people arc in thP first group than in the second group and the 

costs of the two groups are equal. there must be more people in the :,;ccond group t.hat 

ordered popcorn than in the first group. Siuce a total of 14 people ordered popcorn. 

but only 9 people arc in the second group. there are two possibilities m; to how many 

people from each group ordered popcorn. 

Cas<? 1: Five people from t hf' first group ordered popcorn and all nine people from 

the ::;econd group ordcrC'd popcorn. 

Case 2: Six people from the first group ordered popcorn and C'ight of the nine people 

from the second group ordered popcorn. 

In the first case. the four extra popcorns for the second group must. be equal in cost. 

to the one extra movie ticket for the first group. ThPrefore. four popcorn:; must cost 

$6. so one regular popcorn must cost $1.50. 

In the second cru;e. t he two extra popcorns for the ::;econd group must bf' equal in cost 

to th<? onf' extra movie ticket for the first group. Thf-'refore two popcorns must cost 

$6. so one regular popcorn must c:ost $3. 

Therefore. the possible costs of a regular bag of popcorn arc $1.50 and $3. 

Solution 2: VVP proceed up to the two GISf'S of Solution 1. Let x be the cost of one 

regular popcorn. 

In the first cabe. the first group pai<l 10 x 6 + 5.r dollan; and the second group paid 

9 x 6 + 9.r dollars. Therefore. 10 x G + 5.r = 9 x 6 + 9.r. Hence. 60 + 5:r = 54 + 9.r. 

ThC'refore. 6 = 4:r. whic-h yields :r = � = l Therefore. a regular popcorn costs $1.50.

In the second case. the first group paid 10 x 6 + 6.r dollars and the second group paid 

9 x 6 + Sr dollars. Therefore. 10 x 6 + 6.r = 9 x G + 8.r. Hence. GO+ 6.r = 54 + 8x. 

Therefore. 6 = 2x. which yields .r = 3. Therefore. a rPgular popcorn costs $3.

Therefore. the possible costs of a regular bag of popcorn arf' $1.50 and $3. 
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B3 In the diagram, AB = 6 cm, AC= 6 cm and L.BAC is a right angk. Two arcs arc 
cln1wu: a circular arc with centre A and passiug through B alHI C', and a S<-'mi-circle 
with <lianwtn BC', as shown. 

A 
/

,e 

/�,,, 

)/ s

B 

(a) (1 mark) What is th<-' art'a of t':,.ABC?

Thr arf'a of the triangle is ½ x ,·1B x AC' = ½ x G x G = 18 cm2
. 

(b) (2 marks) What is 1hf' kngth of BC?

B,v P:vthagormn Tht'on•rn, the length of BC is J.J\JJ2 + AC2 = J62 + 62 =
In = Gv'2. Tlirrrforc, the leugth of BC is /72 cm, or cqui\'alrntly, Gv'2 cm.

(c) (6 marks) Fiud tht' arm hctwecu flit' l\rn arcs, i.e. fin<l the arra of the shaded
figure in th<' <liagram.

Solution: Let 8. T, U be regious IRl)(')e<l in th<' above diagram, i.e. S' the area
of the triangle, T the area bf'tWf'f'll sidr BC and thf' nrc with centre A passing
through BC m1cl U the area bet\H'f'll the two arcs.

\Ve first fiud tht' area of th<' srmi-eirclc with diamf'tf'r BC'. This is Lhr area of T
aucl U. Thr radius of tlif' circle is half of BC, which is 3v'2. Hence, thP area of
tlH' semi-circle is i,-(1r(3vl2)2) = � x 18-;r = 0-;r n1i2 . ThPrdorf', thf' arra of T and
U is 9rr cm2

. 

- -

V•./C' IJOW fiud tl1t' arm. of th<' quarter-circle with ceutrP A passing through B and
C, i.P. thP area of S and T. Tlw al'l'H of S an<l T is ¼ x -;r x 62 

= !:hr cm2 .
ThPreforP, the arra of S aud T is 9r. cni1 Siun' the arPn of T and U is also !)-;r
cm 2, S an<l U ha \'f' the s<1 rn P arPa. ThE' arf'a of S is l 8 rni2 by la), the arC'n of U
is abo 18 cm 2. 

HPIKf', t.hf' ar0a of the shaded figurt> iti 18 crn2 .
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84 Given a non-square rectaugle. a square-cut is a cutting-up of the rectangle into two
pieces. a square and a rectangle (which may or may not be a square). For example. 
performing a square-cut on a 2 x 7 rectangle yields a 2 x 2 square and a 2 x 5 

rectangle. as shown. 

2 

21 ___ J 2
1 
L ______ _ 

5 

7 

You arc, initially given a 40 x 2011 rectaugle. At each stage. you make a square-cut on 
the non-square piece. You repeat this until all pieces are squares. How many square 

pieces arc the-re at the end? 

Solution: vVc first cut as many squares with side 40 as we can. Upon division of 
2011 by 40. t.he quotient is 50 and the remainder is 11. ThNefore. we will have 50 
squares with side 40 and what remains is a 11 x 40 rf'rtaugle. 

\i\Tith the resulting 11 x 40 rectangle, we usc the similar idea as in the previous para
graph. The quotient of 40-:- 11 is 3 and the remainder is 7. Therefore. we will have 3 
squares with side 11 and what remains is a 7 x 11 rectangle. 

The quotient. of 11-:- 7 is 1 and the remainder is 4. Therefore. we will have one square 
with side 7 and what remains is a 7 x 4 rec-tangle. 

The quotient of 7-:-4 is 1 and the remainder is 3. Therefore. we will have one square 
with side 4 and what remains is a 4 x 3 rectangle. 

The quotient of 4-:-3 is 1 and thP remainder is 1. Therefore. we will have one square 
with side 3 and what remains is a 3 x 1 rectangle. 

The quotient of 3-:-1 is 3 and the remainder is 0. Thcreforn. we will have three squares 
with side 1. Now. every piece is a square. 

Counting all of the squares we have mt. the number of squares is 50+3+ 1 + l+ 1 +3 =

59 squares. Therefore. thPrP are 59 square piecei:; at the end. 
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B5 Five teams AB. C, D, E participate in a hockey tomnanwnt where each team plays 
against each other team exactly once. Each game either ends in a win for one team 
alld a loss for the other. or ends in a tie for both teams. The following table originally 
showed all of the rc::;ults of the tournament. hut some of the entries in the table have 
been <-'rased. 

Tec1.rn Wirn, I Losses Ties 
A 3 I 

B 1 i 1
I 

C 1 I 

D 0 l j 
E I 

--l 
: 

The re:;ult of each game played cau be uniquely df>termined. For C'ach game in the 
table bdow. if the game ended in a win for one team. write down the winner of the 
gamP. If t lw game 0ndPd in a tic. write thf' word ··Tif' ...

Solution: 

Team A vs TeR.rn B Team A 

Team A vs Team C TParn A 

! Team A vs Team D Team A
I 

Team A vs Team E Tic

! Team B V!:i Team C Team C
I 

Team B vs Team D Team B

Team B vs Tf'mn E Tic 

Team C vs Team D Tic 

Team C vs Team E Tic 

Team D vs Team E Tie 

I 
' 

Each team plRyed four games. Therefore. team B

lost 2 games. Furthermore. team E did not win 
or lo:-;c any game and tearn E tied with every team. 
Since team A won :{ games. and tit'd oue game 
(with t0a111 E) and wm1 every other game. 
Teall! A won against T0ams B. C and D. 

\Ye nmv figure out tlw result amongst the games 
bf'twPen t<'ams B.C.D. Note that the total numb0r 
of win!:i in the tournament is 5. Therefore. five 
games ended in a win/loss. which implies that the 
otlwr five games €"'nded in a tie. Therefore. the sum 
of the 11un1bf'r of ties for the five teams is 5 x 
2 = 10. Since all four game::; involving team E 
enclc<l in H ti('. tlwr0 is another tied gamf' in a 
game play<-'d amongst A.B.C.D. SinC"e each of tPams 
A.B has only ouP tic (with team E). tlwn
tc'ams C and D tiPd iu !_l_1�jr game. Hence. 
the m1rnher of ties km;,.-, '--' <>HJ D 0ach have is 2. 
Therefore. team C lost 1 game and team D lost 2 
ganws. \\'0 know team C lost to team A and has 
one \Yin 1macc-crnntcd for. Therefore. team 

C ,,.;on against. tf'am B. Fi1rnll.Y. team B has one \Yin unaccounted for. Therefore. 
team B w011 against team D. This complPtes the tah]r,_ 
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86 A triangle ABC has sides AB = 5, AC = 7. BC = 8. Point D is on side AC such that 
AB = CD. We extend the side BA past A to a point E such that AC= BE. Let 
the line ED inten;ect side BC at a point F.

E 
, '

A,,' 

', D' 

B--- ---G- ---F-

(a) (2 mark:;) Fiud tht> lengths of AD and AE.

Since DC = 5. AD = AC - DC = 7 - 5
AE = BE -AB = 7 -5 = 2.

Therefore. AD has length 2 and AE has length 2.

(b) (7 marks) Find the' kngths of BF and FC.

C 

2. Since BE AC 7. 

We draw a line passing through A parallel to the line EF. as shown. Let this
line int0rscct the side BC at a point. G. Then by similar triangles and parallel
lines. we have

BG BA 5 CF AD 2 
- = - = -.and 
GF AE 2 FC DC 5 

Hence. BG: GF: FC = 5: 2: 5. Therefore. 

BF 

FC 

S. '' BC
T - 8 BF - 7 BC - ,.,

. 
8 - l-l H . FC - V BF - 8 14 - lO mcc ,- . -

12
x --

12
x -T· ente . . --o- - -3-3.

Therefore. the length of BF is¥ aud th!:' length of FC is -\f). 
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Book Reviews 

Sense Making in an Era of 
Curriculum Change 

Gladys Sterenberg 

Making Mathematics Meaningful for Students in 
the Intermediate Grades: Fostering Numeracy. 

WW Liedtke 2010. Bloomington, Ind: Trafford. 

Werner Liedtke has been a long-time contributor 
to delta-K, so it was with great anticipation that I read 
his book Making Mathematics Meaningful for Stu
dents in the lntermediare Grades: Fostering Nu

meracy. This book offers strategies for working with 
our new elementary math curriculum and suggestions 
for addressing the process outcomes. 

Drawing on his vast experience in math education, 
Liedtke describes sense making as including "number 
sense, spatial sense, measurement sense, statistical 
sense, sense of relationships, and developing and ap
plying new mathematical knowledge through problem 
solving" (p 12) [italics in original]. While addressing 
all these senses is an ambitious undertaking, Liedtke 
clearly delineates background research on cognition, 
goals for students, assessment and reporting, and 
diagnosis and intervention that informs changes in 
our understanding of teaching and learning mathemat
ics. Each chapter following the introduction provides a 
rationale for the importance of the specific math strand. 
presents practical suggestions for activities and prob
lems, and includes questions to prompt reflection. 

Although other books that address mathematical 
content for teaching and learning exist, what is 

60 

specifically helpful about Liedtke's writing is his 
insertion of practical examples from his experience 
working with children. These examples are based on 
observations in classrooms, excerpts from videotaped 
lessons and assessment interviews conducted with 
students. I was impressed by how his practice has 
informed his writing to a great extent. 

The author addresses the number strand in great 
detail. However, I believe that the integration of the 
various senses might contribute to a more compre
hensive understanding of making sense of mathemat
ics. For example, the author writes, "There exists a 
similarity between the act of counting sets of discrete 
objects and the act of using measuring to describe 
parts of continuous quantity" (p 145). Yet, he orga
nizes the book into separate chapters without a more 
detailed explanation of such similarities. 

For me, the strength of this book is the practical 
teaching ideas that are presented alongside research 
and student examples. The content is arranged in a 
consistent format that allows for a thorough investiga
tion of math teaching and learning through problem 
solving. I believe that teachers will find this book to 
be a practical addition to their library of curriculum 
resources. Certainly its strong connection to the Al
berta Mathematics K-9 program of studies prompts 
us to think deeply about the tasks we engage our 
students in. 
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Your ATA Library Loves Math! 

Sandra Anderson, ATA librarian 

Your ATA library is a fantastic resource for the 
ongoing professional development of math teachers. 
We hope that this list of recently acquired math titles 
will pique your interest. 

Please note: You don't have to be in the Edmonton 
area to access your library resources. We are happy 
to send you materials in the mail along with prepaid 
postage and address labels to return materials to us. 
Books are lent for one month and videos for one week. 

We also offer professional reference service to 
math teachers. Our friendly and knowledgeable staff 
are always ready to help you with your research or 
professional development. If you can't find what you 
need on our catalogue or databases, please give us a 
call at 1-800-232-7208 or send us an e-mail at 
library@ata.ab.ca. We will be happy to locate and 
send materials out to you. 
Buher, G. 2008. The Math Behind You: Math Challenges 

for Middle School. Marion, Ill: Pieces of Learning. 
(501.71 8931) 

Clark, SK, and C Duguay. 2010. Strategies d'e.criture en 
mathematiques. en sciences et en sciences sociales. 
Montreal, PQ: Cheneliere Education. (372.7 C595) 

Canadian Child Care Federation. 20 I 0. Foundations j(Jr 
Numeracy: An Evidence-Based Toolkit for the Effective 
Mmhemmics Teacher/Les fondements de la numercitie: 
une trouuse d'outils appuyee par la recherche pour le 
p1vfesseur de mathematiques effu:ace. Ottawa, Ont: 
Canadian Child Care Federation. (372. 7 F771) 

Duprey, G. 2009a. Vers [es maths maternelle grande sec
tion. Acces Editions. (372.218 D943) 

---. 2009b. Vers les maths matemelle movenne section. 
Acces Editions. (372.218 D943) 

Fosnot, C T. and M Dolk. 2010. Jeunes matluimaticiens en 
action consrruire le sens du nombre. /'addition er la 
soustraction. Montreal, PQ: Cheneliere Education. 

(372. 7 F749) 
Goos, M, G Stillman and C Yale. 2007. Teaching Second

ary Mathematics: Research and Practice for 21st 
Centurv Schools. Crows Nest, New South Wales: Allen 
& Unwin. (510.71 G659) 

Hatfield, M M, N T Edwards, G G Bitter and J Morrow. 
2008. Mathematics Methods for Elemenrar; and Middle 
School Teachers. New York: Wiley. (372.7 M426) 

Hope, J A. 2008. Ca/cul en tete strategies de ca/cul mental 
pour /es el eves de 5 a 8 ans. Montreal, PQ: Cheneliere/ 
McGraw-Hill. (372.7 Cl44) 
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James, AN. 2009. Tearhing the Female Brain: How Girls 
Learn Math and Science. Thousand Oaks, Calif: Cor
win. (510. 71 J27) 

James, AN, and M Lyons. 2011. Enseigner /es mathema
riques et les sciences auxfilles strategies pour w1 ensei
gnement differencie. Montreal, PQ: Cheneliere 
Education. (510.71 ]27) 

Johnston-Wilder, S, P Johnston-Wilder, D Pimm and 
C Lee, eds. 2011. Leaming to Teath Mathematics in 
the Secondary School. 3rd ed. London. UK: Routledge. 
(510.71 L438) 

Macceca, S. 20 IO. Strategies de lecture en mathe.matiques, 
en sciences et en sciences societies. Montreal, PQ: 
Cheneliere Education. (372.4 7 M 123 J 

Martin, H. 2007. Making Math Connections: Using Rea/
World Applications with Middle School Students. 
Thousand Oaks, Calif: Corwin. (510.71 M381) 

National Council of Teachers of Mathematics (NCTM). 
2009. Focus in High School Mathematics: Reasoning 
and Sense Making. Reston, Ya: NCTM.(510.71 F652) 

R4 Educated Solutions. 20 I 0. Making Math Accessible to 
Students with Special Needs: Practical Tips and Sug
gestions: Grades 9 -12. Bloomington, Ind: Solution 
Tree. (SI 0.71 M235) 

Riccomini, P J, and B S  Witzel. 2010. Response to lnter
ventirm in Math. Thousand Oaks, Calif: Corwin. (372.7 
R494) 

Saint-Onge, R. 2008. Frere plus et frere mains recit et acti-
1·ites 111arhematiques pour le premier cycle du primaire. 
Montreal, PQ: Cheneliere Education. (372.7 Sl48) 

Secada, W, J E Hanks and G R Fast. 2002. Changing the 
Faces of Mathematics: Perspectives on Indigenous 
Peuple of North America. Res ton, Va: National Council 
of Teachers of Mathematics. (510.71 P467) 

Sousa.DA. 2010. Un cerveau pour apprendre /es mathe
matiques mieux comprendre le fonctionnement du 
cen-eau pour enseigner /es mathe11ariques plus effica
cement. Montreal, PQ: Cheneliere Education. (510.71 
S725) 

Sullivan, P. 2010. Activites ouvertes en mathematiques 600 
«bonnes» questions pour developper la comprehension 
en mathe.matiques. Montreal, PQ: Cheneliere Education. 
(3272 7 S951) 

Willis, Judy. 2010. Learning to Love Math: Teaching 
Stmtegies That Change Student Attitudes and Get Re
sults. Alexandria, Va: ASCD. (510.71 W734) 
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Problem Page 

Three Speedy Whales Solutions 

Editor's note: This problem appeared in the De
cember 2010 issue of delt a -K. The author's solution 
and teachers· solutions are presented below. 

Once upon a time three whales swam along a 
north-south shoreline in the ocean near the island. 
Children at the island lighthouse observed the whales' 
motion and graphed their coordinates. They noticed 
that the intersections of three position-time graphs 
fom1 an isosceles triangle (see Figure I below). If the 
first whale swam at 7 m/s [Nl and the second at I mis 
[N], with what velocity did the third whale swim? 

d 

(m) 

Figure 1 

II 

III 

-1------------t(s)

Author's Solution 

Gregory V Akulov 

Certainly, there are several different ways to solve 
this problem. I believe that the shortest, most beautiful 
solution uses the slope of the angle bisector 
formula. 

Since the triangle is isosceles, then graph III is 
parallel to the one of two angle bisectors between 
lines I and II. Noticing that the slope is equal to veloc
ity, and using a formula for the slope of the angle 
bisector for m

1 
= v

1 
= 7 mis and m

2 
= i-2 = l m/s,

we get that the third whale swam at 

v3 = mM, = � = -0.5 mis, or 0.5 mls[S].
-6-
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If m
1 

and m� are the slopes of two intersecting 
lines, and mb;., is the slope of the line that bisects 
angle between them (as shown on Figure 2), then 

a 

m
b
. =--.===,where a= m

1 
+ m,, b = l-m1m2

• 

1$ h I , bl ±-va· + 

Figure 2 

y 

This relationship was found and first published in 
Canada in 2009. 

Teachers' Solution 

Darryl Smith 

Percy Zalasky and I collaborated on this problem, 
and we both began by writing multiple equations that 
were of little use. The key to doing the problem is to 
realize that the slope of any position-time graph gives 
the velocity, so conversely, if we know the velocity, 
we can determine the slope of the corresponding line. 
Since the velocity associated with line I is 7 and the 
velocity associated with line II is 1, we can determine 
the angle at the vertex of the isosceles triangle by 
using tan-1(7) - tmr 1(1) = 36.9 degrees. 

The rest of the solution follows from there, and we 
get an answer of about 0.5 mis south. 

The solution is fairly elegant, and even a Grade I 0 
cla-;s could do this, albeit perhaps with a bit of guidance. 
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Diamond Slopes Problem 

Gregory Akulov 

If d,.2 are the slopes of rhombus' diagonals (see Figure),
and s

1
.
2 

are the slopes of its sides, then 

d -

a 

i.2 - b ± ✓ a2 + b2

where a= s1 + s2, b = l - s
1
s

2 
• Prove it. 

y 

--+------------x 

0 

Figure 

Dr Gregory Akulov teaches mathematics and physics at Luther College High School, i11 Regina, Saskatchewan. 
He has a PhD in mathematics (with speciali-:.arion i11 probability theory) from Kyiv National Taras Shevchenko 
University, in Kyiv, Ukraine. His research interests are also in theory off'unctions, foundations of geometry and 
mathematics curriculum development. 
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Diversity• Equity• Human Rights Diversity• Equity• Human Rights 

We are there for you! 

- �ttt�ltltt�l
Diversity• Equity• Human Rights Diversity • Equity• Human Rights 

Specialist councils' role in promoting 
diversity, equity and human rights 

Alberta's ropidly changing demographics ore creating on exciting cultural diversity that is 
reffected in !he province\ urban and rural clossrooms. lhe new landscape of the school 
provides on ideal context in which to feoch students that strength lies in diversity. The 
challenge that teachers face is to capitalize on the energy of today's intercuhurol classroom 
mix to lay the groundwork for all students to succeed. To support teachers in their critical 
roles as leaders tn inclusive education, in 2000 the Alberto Teochel"$' Association 
established the Diver,ity, Equity and Human Righh Committee (DEHRC). 

Dl:HRC crims to assist educators in their legal, professional and ethicol responsibilities to 
protect all students ond to maintain safe, coring and indusive learning environments. Topics 
of focus for DEHRC indude intercuhurol education, inclusive learning communities, gender 
equity, UNESCO Associated Schools Project Nelwork, se.ual orienlohon and gender 
voricnce. 

Here ore some activities the DEHR committee undertckes: 

• Studying, oclvising and making recommendations oo policies that reffect respect for 
diversity, equity and iiumon rights 

• Offering annual Inclusive learning Communities Grants (up lo $2,000} to support 
octivities that support inclusion 
Producing J/JS, in Time, ari electronic newsletter thot con be found at www.teachers 
.ob.co; Teaching in Alberto; Diversity, Equity ond Human Rights. 

• Providing ond creoting print and web·bosed teacher re50urces 
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