LITERATURE AND MATHEMATICS ACTIVITIES FROM
ALICE IN WONDERLAND
Mark R. Young
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INTRODUCTION

“’Poor, poor, little Alice!’, bemoaned G. K. ‘She has not only been caught and made to do lessons; she has been forced to inflict lessons on others.”

Gilbert K. Chesterton wrote this comment in 1932, one hundred years after Lewis Carroll, the author of Alice in Wonderland, had been born. Not to disappoint him, this series of lessons is intended to find examples of math problems in the story, and apply them to a grade 7 level. This project is divided into five sections:
· Integers

· Angle, Length, Area, Volume

· Multiplication and Division

· Fractions and Decimals

· Problem Solving
The project could be taught as a whole unit, or the sections could be done independently as each topic is covered through the year.

This project is a beginning framework and can easily be expanded upon. There are many more mathematical encounters in the story! This project would be great as part of an Inter Disciplinary Unit (IDU). That is, it could be done while the students are reading the story in English class, and projects could be developed for French, social studies, and science classes.

Section 1:

INTEGERS

Introduction
This section is an exploration of representing and ordering integers based on passages describing Alice’s changing height.

SCOs:

A12:  represent integers (including zero) concretely, pictorially, and symbolically, using a variety of models 

A13:  compare and order integers 

Materials needed:

· Two coloured counters

· Scrap paper
Time required: Two 35-50 minute classes

Colour Counters: let one colour (say, red) represent negative numbers, and another colour (say, blue) represent positive numbers. Then with a problem like, -5 + 4, students could gather 5 red chips and 4 blue chips. With the instructions to pair colours and eliminate those pairs, students will find that they are left with one red chip, representing the answer of negative one in this case.

Teacher Tasks: circulate and give assistance!

Procedure:
Day 1

1. Group students in groups of 3-4.  Assign roles: one record keeper, one presenter, and one or two monitors whose job it is to keep the group on task.

2. Provide students with Section 1: Handout 1 (see Student Materials)
3. Give the groups 30-40 minutes to work on the problems.

4. Give the groups 5-10 minutes to prepare to present their solutions

5. If there is time left, have the first group present [Choose the order of the groups presenting so that more sophisticated solutions are presented later.]

Day 2

1. Have the remaining groups present ( about 5 minutes each)

2. If these following questions have not already been addressed in the groups’ presentation, raise them now:
a. What are some real things in life that we use negative numbers for? (ie. Temperature, distance?) 

b. Was it easier to combine (cancel) the berries and then figure out her height, or start with her height, and work with the berries as groups?
3. Give Section 1: Homework 1 (see Student Materials) for homework.

Evaluation
Evaluation will be based on three things: the group work (5), the group presentation (10), and homework (10). Total mark: 25
Rubric 1 (see below) can be used to evaluate the sophistication of the solutions.  Allow a smaller individual participation mark so that  a whole group does not have to be penalized due to the poor behaviour of one. (Each person in the group gets a separate ‘group’ mark).

Rubric 1: group work
Participation (individual)
0
1
2
Participation (group)

1
2
3

/5

Rubric 2 can be used to evaluate the understanding displayed in the presentations. Groups may find several different methods, and use different presented methods to show answer, so give points for accuracy of answer.

Rubric 2: group presentation
Attempted all activities
0
2
4
Accuracy of answers

0
2
4
Presentation style

0
1
2

/10
Some answers to group questions:
1. < 10 inches
2. 1 foot 3 inches
3. maybe! (represent positive heights, zero, and maybe negative heights)
6
a) 1 inch
b) -3 inches
c) 17 inches
d) -7 inches
Homework:
Berries:
/4 
(1, 2, 1)
Sort:

/3
(answers:
1. -7, -2, 4, 11, 13








2. -9, -5, -2, 0









3. 0, 5, 10, 15)
Add:

/3
(answers:
1. 19










2. -16










3. 30)
Section 2:

LENGTH, AREA, VOLUME
Introduction

This section explores the relationship of height to volume
SCOs:

D1 – Identify, use, and convert among the SI units to measure, estimate, and solve problems that relate to length, area, volume, mass and capacity 

D3 – Develop and use rates as a tool for solving indirect measurement problems in a variety of contexts 

Materials needed: 
· Cube blocks for teacher

· Scrap paper
Time required: one 50 minute class
Procedure:

a. Give out section 2, handout 1. Discuss with class first two questions. Assume the rabbit is about 1 foot tall. 

b. After discussion of second question, use blocks to ask what happens to the volume of a cube when its base increases. That is, increase the side length of the cube with little cubes, complete the new cube, and determine the new volume. (10 minutes for a and b)

c. Allow students to work on ideas for the third question individually (10 minutes)

d. Return students to former groups from section 1, or create new groups to work on problem. Maybe suggest relationships between circles and spheres, or rectangles and boxes (15 minutes). Expect an attempted group solution to be handed in.

e. Remaining in groups, spend the rest of the class working on homework questions to be passed in next day. (15 minutes)
Evaluation

Evaluation will be based on two things: the group work (/5), and homework (/10). 

Homework

	radius
	Area
	volume
	ratio

	3
	28.3
	113.04
	4

	9
	254
	3052.1
	12

	12
	452
	7234.6
	16


Ratio for any radius: 4/3 r
Section 3:

MULTIPLICATION AND DIVISION

Introduction
A brief review of multiplication that should be expanded upon.

SCOs:
B12  multiply integers concretely, pictorially, and symbolically to solve problems

B14  solve and pose problems which utilize addition, subtraction, multiplication, and division of integers 

Materials needed:
· Scrap paper
Time required: 15 mins.
Procedure:
· Give out section 3, handout 1. Allow this to be a class discussion. Suggest that Alice will reach 20 by this multiplication.
· Assess students understanding of multiplication and division, and decide if review is needed. Assign class problems.
Evaluation:

a) 28

b) 15
c) 121
d) 28
e) 120

/10
Section 4:

FRACTIONS AND DECIMALS

Introduction
Alice very much wants to be back to normal. This section examines her various heights in relation to her normal height.
SCOs:
A7 apply patterning in renaming numbers from fractions and mixed numbers to decimal numbers
A10 Illustrate, explain and express ratios, fractions, decimals, and percents in alternative forms. 

A11 Demonstrate number sense for percent. 

B4 determine and use the most appropriate computational method in problem situations involving whole numbers and/or decimals
B9 estimate and determine the percent of a number. 

B10 create and solve problems that involve the use of percents. 

F5 construct appropriate data displays, grouping data where appropriate and taking into consideration the nature of the data

F6 extrapolate and interpolate information from graphs

F7 make inferences from data displays

Materials needed:
· Graph paper
Time required: one 50 minute class
Procedure:

a. Give out section 4, handout 1. On graph paper, make four empty bar graphs side by side representing Alice’s normal height (3.5 feet ( students should convert this to inches) 
                                 [image: image1.png]



b. Fill in each of the empty bars with Alice’s four different heights (9’, 2’, 10”, 3”).
c. Express each diagram as a fraction of her original height by writing her new height over her normal height.

d. Work out by each diagram Alice’s height in a percentage of her normal height. Write this in a sentence for each.

e. Assign homework (section 4, homework 1) for remainder of class to be handed in class after next. It may seem a little tedious, but should be a good bit of practice. (Hint of homework b): 35/100, 120/100, 90/100)
Evaluation:

Rubric: 
Converted to inches

0
1
3
3
4

Accurate bar diagrams
0
1
2
3
4

Correct fractions

0
1
2
3
4

Correct per cent

0
1
2
3
4

Neatness


0
1
2
3
4

Homework

1. a) 60%, 3/5
b) 33%, 1/3
c) 85%, 7/8
d) 50%, ½



/6
2. 2.4cm/ inch: 3.5 feet = 42 inches = 100.8cm (let’s say 100cm), then

a) 35% = 35cm,
b) 120% = 120cm,
c) 90% = 90cm


Fractions: Doesn’t matter what original height is, just use percent: 


a) 35% = 35/100, 
b) 120% = 120/100, 
c) 90% = 90/100

/8

3. a) b = 3/5 = 60%
c = 6/5 = 120%
d = 4/5 = 80%

e = 2/5 = 40%

    b) a = 5/3 = 167%
c = 6/3 = 200%
d = 4/3 = 133%
e = 2/3 = 67%

    c) a = 5/6 = 83%
b = 3/6 = 50%

d = 4/6 = 67%

e = 2/6 = 33%

    d) a = 5/4 = 125%
b = ¾ = 75%

c = 6/4 = 150%
e = 2/4 = 50%

    e) a = 5/2 = 250%
b = 3/2 = 150%
c = 6/2 = 300%
d = 4/2 = 200%
/20

Section 5:

PROBLEM SOLVING
Introduction

In this section the students solve a problem using their knowledge of Pi.  If they have already learned about Pi then this is an opportunity for them to use their knowledge in a new context. If they haven’t learned about Pi then the Supplementary Activity Discovering Pi can be incorporated into this lesson.

A second problem, relating to latitude and longitude, involves finding patterns and relations in a coordinate grid, and possibly thinking about the importance of factors.
SCOs:

B1 use estimation strategies to assess and justify the reasonableness of calculation results for integers and decimal numbers

B3 demonstrate understanding of the properties of operations with integers and decimal numbers

B4 determine and use the most appropriate computational method in problem situations involving whole numbers and/or decimals

D5 Demonstrate an understanding of relationships among diameter, radii, and circumference of circles, and use the relationships to solve problems  

Materials needed:
· A spherical object
· Overhead projector and transparencies

· Computer lab

· Atlases
Time required: two to three classes
Procedure:

1. Have the class begin Section 5: Handout 1, question 1.
a. Possible hints:

i. Draw a diagram

ii. Model problem with an orange or a globe. 

iii. From the equator to the north pole is what fraction of the circumference of the earth?

iv. How is the distance to the centre related to the diameter?

2. If the class does not know about Pi, they will get stuck when they try to get the diameter or the radius from the circumference.  Suggest that they try measuring this relationship for many circles (do the Supplementary Activity: Discovering Pi allow one full class.) 
3. Have a class discussion comparing solutions to Question 1 (section 5: handout 1)
4. Have the class begin Handout 1, question 2. Allow 20 – 30  minutes.
a. Possible hints:

i. Draw a diagram

ii. Model problem with an orange or a globe.

iii. Represent latitude North with a positive number and latitude south with a negative number.
iv. with a globe, pick several points, noting latitudes and longitudes. Roughly determine same for opposite these points. Tabulate on the board, and try to determine a pattern. How can this be used to develop a procedure or an equation?

5. Have a class discussion comparing solutions to Question 2. Allow 15 – 20 mins.
6. Have the class begin Handout 1, question 3. Allow 15 minutes. It is to be submitted, but not for grading.
7. Have a class discussion comparing solutions to Question 3. Allow 10 – 15 mins. 
a. Possible hints: suggest relationship to days of year and months. Why have 2 systems? Try dividing globe into different system. What about dividing?
Evaluation:
 (0: no attempt


1:started


2: resembles something


  3: good effort 

4: good solutions, messy 
5: good solutions, neat)
Rubric 1: question 1
Diagrammed attempt:

0
1
2
3
4
5
Mathematical attempt:
0
1
2
3
4
5

Rubric 2: question 2

Diagrammed attempt:

0
1
2
3
4
5

Mathematical attempt:
0
1
2
3
4
5

Homework and class work:

May use resources in class (computer lab for planet info…teacher may want to do this ahead of time to limit the information they receive). Also, may not have sufficient number of globes for second question, but atlases should do the trick.

1. need to evaluate individually, 3pts each planet, 1 pt neatness : 10pts. I thought that it was neat that you can fit 1000 Earths inside Jupiter!
2. need to look these up, but same as 1st: 10pts. Students should: find location, calculate opposite, looked up answer and determined accuracy.
Supplementary Activity:

 Discovering Pi

Introduction

This activity is an exploration that brings students to discover that the ratio of the circumference to the diameter of a circle is constant and that its value is about 3.14.

SCOs:

D5 – Demonstrate an understanding of relationships among diameter, radii, and circumference of circles, and use the relationships to solve problems  

F7- formulate statistics projects to explore current issues from within mathematics, other subject areas, or the world of students

F8-determine measures of central tendency and how they are affected by data presentations and fluctuations

F9- draw inferences and make predictions based on the variability of data sets, using range and the examination of outliers, gaps, and clusters

Materials needed:


Variant 1: Cans, bottles and other cylindrical objects.

Time required: one class 
Procedure:

Variant 1

1. In pairs, the student measure the diameters and circumferences of as many circular objects as time allows. Each object should be labelled and several groups should measure each object. 

2. Each pair should record its data on a table (See Handout 1)

3. Each pair should calculate the mean, median and range of their data. 
4. Have a brief class discussion of the answers to the questions “Which is a better measure of the “typical” circle in your sample? Explain.” “Does the type of measurement depend on the object being measured? What would be easier to measure for the moon, its diameter, or circumference? Could you be limited by your measuring equipment?” and  “What does the range tell you about the circles in your sample?”  Include a comparison of the measurements of the dimensions of the same object by different groups.  Discuss reasons for variations.  Exclude data values that seem really off. 
5. Have the class make predictions about the mean, median and range of the ratios.

6. Have the pairs calculate the ratios.
7. Have a brief class discussion of the answers to the questions  “Which is a better measure of the “typical” circle in your sample? Explain.” And “What does the range tell you about the circles in your sample?”

8. At the conclusion of the discussion the class should have discovered that the ratio is usually a little more than 3, and you can tell them that careful measuring gives the approximate value 3.14.  The exact value cannot be determined because the decimal goes on forever. The number is called Pi and written with the Greek letter (. 

Evaluation:
Rubric 1: Variant activity 1

Evaluate their measurements by the accuracy of their ratios:
[image: image2.png]


  /20







Class Participation:


/10
Also give a point each for mean, median and range calculation:


/9
One for neatness:


/1

Total:



/40
Homework:

Table:

	radius
	diameter
	circumference

	1.1
	2.2
	7

	3.5
	7
	21.98

	7
	14
	43.96

	1
	2
	6.28

	9
	18
	56.52


/10

Pictures:

1. P = π4/4 + 7 + 2 + 5 = 17.14

/3
2. P = 3π + 3 + 3 + 2.5 + 2.5 = 20.57
/3
3. P = 5π/2 + √(52 + 2.52) = 19.03
/4
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INTEGERS


Section 1: Handout 1

“`What a curious feeling!' said Alice; `I must be shutting up like a telescope.' 

And so it was indeed: she was now only ten inches high, and her face brightened up at the thought that she was now the right size for going through the little door into that lovely garden.” p. 31

“`I must be growing small again.' She got up and went to the table to measure herself by it, and found that, as nearly as she could guess, she was now about two feet high, and was going on shrinking rapidly: she soon found out that the cause of this was the fan she was holding, and she dropped it hastily, just in time to avoid shrinking away altogether. 

`That was a narrow escape!' said Alice, a good deal frightened at the sudden change, but very glad to find herself still in existence; `and now for the garden!' and she ran with all speed back to the little door: but, alas! the little door was shut again, and the little golden key was lying on the glass table as before, `and things are worse than ever,' thought the poor child, `for I never was so small as this before, never! And I declare it's too bad, that it is!'” p. 39

Your group will present solutions to:
1. Alice believes she is smaller than she was the first time she shrunk. How tall could she be now?

2. She measured herself at the glass table to be two feet tall. How far does she have left to shrink before she correctly realizes she has never been so small?

3. Each time she shrinks, Alice has a fear of shrinking out of existence. Is this a legitimate concern? Draw a scaled picture of her heights, and what it would mean to shrink out of existence.

4. Represent each height with the coloured blocks. You may have to convert feet to inches.

5. If a grow berry and a shrink berry each represent 4 inches, and Alice is currently 9 inches tall, represent her height with the coloured counters if Alice eats:

a. 2 grow berries and 4 shrink berries

b. 5 shrink berries and 2 grow berries

c. 5 grow berries and 3 shrink berries

d. 7 shrink berries and 3 grow berries

6. What if Alice ate more shrink berries than grow berries? Draw a horizontal line, and draw a picture of Alice as 1 foot tall, and negative 1 foot tall. How could we represent this with the coloured counters?

INTEGERS


Section 1: Homework 1

Imagine that Alice has found some growberries and some shrinkberries.  Growberries makes her grow 1 inch taller.  Shrinkberries make her grow 1 inch shorter.  

When Alice is 30 inches tall, she eats 12 shrinkberries and 5 growberries.

1. Draw a picture showing what she ate.

2. Draw a picture of another collection of berries she could eat that would change her height by the same amount. 

3. Which of these expressions best represents what she ate:

a. (-12) – (+5)

b. (-12) + (+5)

c. (+5) + (-12)

d. (+5) – (+12)

Explain.

Sort the following numbers from least to greatest:

1. 4, -2, 11, 13, -7

2. -5, -2, -9, 0

3. 5, 15, 0, 10

Add the above numbers (ie. 1. (4) + (-2) + (11) +…)
AREA, LENGTH, ANGLE, VOLUME

Section 2: Handout 1

“`Oh, you foolish Alice!' she answered herself. `How can you learn lessons in here? Why, there's hardly room for you, and no room at all for any lesson-books!' 

And so she went on, taking first one side and then the other, and making quite a conversation of it altogether; but after a few minutes she heard a voice outside, and stopped to listen. 

`Mary Ann! Mary Ann!' said the voice. `Fetch me my gloves this moment!' Then came a little pattering of feet on the stairs. Alice knew it was the Rabbit coming to look for her, and she trembled till she shook the house, quite forgetting that she was now about a thousand times as large as the Rabbit, and had no reason to be afraid of it.” p. 59
Class Discussion:
1. Given the various sizes Alice with her meetings with the White Rabbit, estimate the height of the rabbit. What would this be in centimetres, and metres?

2. Alice figures she is about 1000 times bigger than the rabbit. If this is accurate, what do you think she means by this?

This work is to be passed in:
3. Can you come up with a relationship between her height and volume as it changes? If her height doubles, by how much does her volume increase?
4. When Alice is 10 cm tall, her surface area is 140 cm2 and her volume is 60 cm3.    When she is 100 cm tall, her surface area is 14000 cm2 and her volume is 60000 cm3. What is the ratio of her volume to her surface are for each height?  Living things make heat with all their cells, so heat production is determined by volume.  Living things lose heat through their skin, so heat loss is related to surface area.  Will Alice be warmer when she is big or when she is small? Explain.
Homework:
For a circle, Area = πr2
For a sphere, Volume = 4/3 πr3 

1. Given the following radii, find the area of the circle, and volume of the sphere:
a. r = 3

b. r = 9

c. r = 12

2. What is the ratio for volume to area in each question? What would it be for any radius? 
MULTIPLICATION AND DIVISION

Section 3: Handout 1

 “’Besides, she's she, and I'm I, and--oh dear, how puzzling it all is! I'll try if I know all the things I used to know. Let me see: four times five is twelve, and four times six is thirteen, and four times seven is--oh dear! I shall never get to twenty at that rate! However, the Multiplication Table doesn't signify: let's try Geography.’” p. 37

1. What is wrong with Alice’s multiplication? How would you explain her mistake to her?

2. If Alice goes on multiplying this way, will she ever get to 20? Explain.
In Class Problems:
Illustrate and Calculate:

a) 4 x 7

b) 3 x 5

c) 12 x 11

d) 7 x 4

e) 4 x 5 x 6
FRACTIONS AND DECIMALS

Section 4: Handout 1

“`Oh, I'm not particular as to size,' Alice hastily replied; `only one doesn't like changing so often, you know.' 

`I don't know,' said the Caterpillar. 

Alice said nothing: she had never been so much contradicted in her life before, and she felt that she was losing her temper. 

`Are you content now?' said the Caterpillar. 

`Well, I should like to be a little larger, sir, if you wouldn't mind,' said Alice: `three inches is such a wretched height to be.' “p. 72
1. Alice does seem to change height quite often. If her original height was three and a half feet tall, express her other heights as fractions of this. (She was 9 feet, 2 feet, roughly 10 inches, now 3 inches, and others?)

2. Describe each of her different heights as percentages of her original height.

FRACTIONS AND DECIMALS

Section 4, homework 1

a. Estimate the percentage of each shape that is shaded. What is the fraction?
[image: image3.png]



b. If Alice is 35%, 120%, and later 90% of her normal height, how tall is she in meters? Now write each answer as a fraction of her normal height. (Hint: there is a very easy way to do this part…)
c. With each bar, find the per cent  that each of the other bars are of it. You should have 20 answers!

[image: image4.png]



PROBLEM SOLVING


Section 5: Handout 1

“Down, down, down. Would the fall never come to an end! `I wonder how many miles I've fallen by this time?' she said aloud. `I must be getting somewhere near the centre of the earth. Let me see: that would be four thousand miles down, I think--' (for, you see, Alice had learnt several things of this sort in her lessons in the schoolroom, and though this was not a very good opportunity for showing off her knowledge, as there was no one to listen to her, still it was good practice to say it over) `--yes, that's about the right distance--but then I wonder what Latitude or Longitude I've got to?' (Alice had no idea what Latitude was, or Longitude either, but thought they were nice grand words to say.) 

Presently she began again. `I wonder if I shall fall right through the earth! How funny it'll seem to come out among the people that walk with their heads downward! The Antipathies, I think--' (she was rather glad there was no one listening, this time, as it didn't sound at all the right word) `--but I shall have to ask them what the name of the country is, you know. Please, Ma'am, is this New Zealand or Australia?' (and she tried to curtsey as she spoke--fancy curtseying as you're falling through the air! Do you think you could manage it?) `And what an ignorant little girl she'll think me for asking! No, it'll never do to ask: perhaps I shall see it written up somewhere.' ” p. 27
1. How far is it to the centre of the Earth?

a. You may find it useful to know that the original definition of a metre said that 10 000 000 metres is the distance from the Equator to the North Pole.

2. Can you develop a formula that will tell you, if you knew your latitude and longitude, the latitude and longitude where you will come out if you go straight through the earth?

3. When we measure latitude, longitude and angles very precisely, we divide a degree into 60 minutes, and a minute into 60 seconds. We do the same thing with hours. Why not 100 minutes and 100 seconds? What advantages does the number 60 have? Write this down on paper! 
Homework and in class:

1. Pick 3 different planets in our solar system and determine its dimensions (given radius, determine circumference and volume. Compare volumes

2. Find locations of Hong Kong, Sydney Australia, and White Horse. Determine the position on the opposite side of the globe using your formula. Check these positions on a globe and identify them.
DISCOVERING PI



 Handout 1 (Variant 1)

For each object measure the circumference and the diameter and record them in the table below.

Reminders:

Circumference: The distance around a circle

Diameter: The distance across a circle at its widest point.

	Object
	Circumference
	Diameter
	Ratio

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	

	5
	
	
	

	5
	
	
	

	6
	
	
	

	7
	
	
	

	8
	
	
	

	9
	
	
	

	10
	
	
	

	
	
	
	

	Mean
	
	
	

	Median
	
	
	

	Range
	
	
	


Calculate the Mean and the Median for the Circumference and the Diameter.  Which is a better measure of the “typical” circle in your sample? Explain.

Reminders:

Mean: The sum of all the data values divided by the number of values.

Median: The data value in the middle of the list of data values in order. If there is an even number of data values, the median is the mean of the two values at the middle of the list.

Range: The difference between the largest and the smallest data values

Calculate the Range for the Circumference and the Diameter.  What does the range tell you about the circles in your sample?

For each object calculate the ratio of the Circumference to the Diameter and record it in the Ratio column.

Calculate the Mean and the Median of the Ratio.  Which is a better measure of the “typical” circle in your sample? Explain.

Calculate the Range for the Ratio.  What does the range tell you about the circles in your sample?

Homework:

Complete the table:

	radius
	diameter
	circumference

	
	
	7

	
	7
	

	7
	
	

	
	2
	

	9
	
	


Determine the perimeters of the following objects:

[image: image5.png]




ADDITIONAL RESOURCES

Alice in Wonderland Online: http://www-2.cs.cmu.edu/people/rgs/alice-table.html
The Annotated Alice
by Lewis Carroll (Penguin Books)

World Atlas

Discovering Pi site: http://arcytech.org/java/pi/measuring.html
� P. 7, The Annotated Alice, Lewis Carroll, Penguin Books, England, 1970.
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