1.3 - Mean, Median, Mode (p. 21 of T.G.), Fraction Review, 
Frequency Tables and Frequency Polygons, Histograms, 
Lower and Upper Quartile
Curriculum Outcomes:

C4
create and analyze scatter plots, using appropriate technology

C17
solve problems using graphing technology
F1
design and conduct experiments, using statistical methods and scientific inquiry
F2
demonstrate an understanding of concerns and issues that pertain to the collection of data (optional)
F3
construct various displays of data
F4
calculate various statistics, using appropriate technology, analyze and interpret displays, and describe relationships
F5
use statistical summaries, draw conclusions, and communicate results about distributions of data

F13
calculate and apply mean and standard deviation, using technology, to determine if a variation makes a difference

F14
make and interpret frequency bar graphs while conducting experiments and exploring measurement issues

Mean, Median, Mode
For a given data set, you can calculate one of three numbers that represent a typical value for that set. These three numbers, the mean, the median, and the mode, all belong to a group called the measures of central tendency.
The mean is one kind of average. In order to calculate a mean, you would have to calculate the sum of your numbers and divide by the total number of elements in the set of numbers. 

Let’s look at an example: 

Suppose you wanted to calculate the mean of all of the math tests you have written so far this year. 

Step 1: You first write down on paper the marks you have received.

86%, 78%, 65%, 34% (a particularly tough one), 91%, and 72%

Step 2: Add up all of the test marks

86 + 78 + 65 + 34 + 91 + 72 = 426

Step 3: Since there are six elements in the set, divide by 6
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Therefore, your mean to date is 71%.
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The median is often described to be the middle value so it is also a kind of average. In order to find the median, you would have to put our numbers in either ascending (smallest to largest) or descending (largest to smallest) order. If there are an odd number of elements in the data set, the median is just the middle value. If there is an even number of elements in the data set; the median is the mean of the two middle values. 

Some say that a good rule of thumb when buying an expensive item is to go “middle of the road”. If you follow this rule, you should find a good brand-name computer that will meet your needs. After a week of shopping around, you have the following prices from various brands: $1650, $1800, $595, $1100, $1295, $950, $899, $2000, $3900, $2785. Based only on the rule of thumb, what price should you be considering for your computer?

Step 1: Take all of the numbers in the data set and place them in ascending or descending order. (Here, we will place them in ascending order)

$595
$899
$950
$1100
   $1295       $1650
$1800
    $2000       $2785
  $3900 

Step 2: Find the middle value. Since there are ten (10) elements in our data set, we will find the two middle values and find the mean of these two values.
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$899
$950
$1100
   $1295       $1650
$1800
    $2000       $2785
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A point to consider:

Even though both mean and median are kinds of averages, they are not the same thing. Suppose you were looking at some daily temperatures for the month of December in one of our provinces and found the following.

Sun
   Mon
     Tues      Wed     Thurs      Fri
Sat


-11°C   -17°C    -18°C     -15°C    -20°C     -2°C       19°C 

What would be a more valuable “average” for you, the mean or the median?

Mean = 
[image: image2.wmf]-11°C + -17°C + -18°C + -15°C + -20°C + 

-2°C + 19°C 
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Median: (1) Place the elements in ascending order 

-20°C 
   -18°C       -17°C      -15°C    -11°C   -2°C    19°C   

  (2) Pick middle value (since there are an odd number of elements)

The median suggests that it was much colder than it was for the entire week so it does not accurately reflect the warmer temperatures on Friday and Saturday. Statisticians would prefer the mean temperature recording to the median, seeing it to be representative for this set of temperatures. (It displays the best measure of central tendency.)
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The mode of a data set is the value that occurs most often and is a third kind of average. A set could have no mode, one mode or two (bimodal) or more modes. If you took the heights of the first ten classmates that are sitting or standing around you, you might find the following data:
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5’2”
5’3”
5’3”
6’
5’6”
5’7”
5’2”
6’
5’2”
5’4”

The height of 5’2” occurs most often (is repeated) in this data set. Therefore, 5’2” is the mode. This mode happens to be the height of the three shortest students in the class. Statisticians would not see the mode in this set as the best representative of the height of students in the class as seven of the ten students are taller than the mode.

Exercises:

1. Find the mean, median, and mode for the following set of data.

(a) 2, 0, 0, 4, 3, 1, 2, 8, 2

(b) 10, 40, 10, 30, 10, 20, 30, 10, 10, 40

(c) 20, 27, 22, 21, 26, 25, 26, 22

2. 
Donna is reviewing her staff at the bank. She examines the list of tellers and determines the number of new RESP accounts they have opened during the past two months. She collected the following data:


Sandra
  12

Diago
23


Stephan 15

Curtis
7


Erica
   9

Janet
31


(a) Find the mean, median, and mode for this set of data.


(b) In a performance review of the tellers, how might the median help Donna  

             provide guidelines for future sales of RESPs?

3. 
While filling out his income tax form, Dillon was going through his pay stubs for the previous year. He wrote down his pays for each month just to calculate his average monthly income. His list looked like the one below:

	Month
	Pay

	January
	$ 275.23

	February
	$ 250.45

	March
	$ 223.50

	April
	$ 295.23

	May
	$ 322.34

	June
	$ 175.95

	July
	$ 675.76

	August
	$ 715.78

	September
	$ 375.02

	October
	$ 267.87

	November
	$ 254.56

	December
	$ 432.42


(a) What was the mean salary for Dillon during his previous year at his job?

(b) What is his median salary? 

(c) What conclusions can you draw from looking at the chart? 

(d) What is a better measure of his “average salary” - the mean or the median? 

(e) Would the mode be useful here? Explain your thoughts.

Fraction Review

A fraction is a part of something and is expressed as one number divided by another (
[image: image3.wmf]a

b

) where b ≠ 0. If you peel an orange and separate it along its wedges, each wedge section is a fraction of the entire orange. One can of pop is a fraction of the case of pop, usually 
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because there are 12 cans in most cases of pop. 

Adding and Subtracting

For adding and subtraction fractions, we have to make sure that our denominators are the same (common denominator) before we start adding or subtracting the numerators. 

Example: Juice packs come in cases of 10, pop comes in cases of 12, and microwaveable popcorn in boxes of 3 (all good movie food). Jack used 3 juice boxes, 5 cans of pop, and 2 packages of popcorn this week from the grocery order. How much of the total did he use?
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To add these fractions, a “Least Common Denominator” (LCD) must be determined.
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Step 1: Express each denominator as a product of prime factors.

Step 2: The LCD will consist of one of each of the prime factors, unless a factor is repeated in a single denominator. If a factor is repeated (as in 2 × 2 × 3) the LCD will require two 2’s. Note: Multiplying a product by 1 will not change its value. Therefore 1 does not appear in the LCD.
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Step 3: Multiply each numerator by the factors that are “new” from the initial factored denominator to the LCD.
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The same steps are to be done for subtraction.
Multiplying 

The only extra step to remember with multiplying is that mixed fractions must first be turned into improper fractions.

Example: Blake is ordering top soil for his vegetable garden. The vegetable garden measures 3
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feet wide by 4
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feet long. What is the area of his garden?
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Step 1: Drawing a diagram

Step 2: Change mixed fractions to improper fractions


3
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= 
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  and  4
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Step 3: Multiply
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Dividing

Dividing, you will be happy to know, is the same as multiplying with just one additional step; multiply by the reciprocal of the divisor (the fraction after the ÷ sign). (Remember that fraction pairs like 
[image: image15.wmf]4
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 and 
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4

are reciprocals of each other). If the fractions are mixed fractions, multiply by the reciprocal of the improper fraction.

Example: A board 5
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 feet long is to be cut into equal pieces each measuring 
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  of a foot in length. How many equal pieces will there be?

In other words: 
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Therefore you will get 6 equal pieces.
Exercises:

1. The pictures on the right are the result of performing the operations on the left. Match the operations with the result.

	Problem
	Picture

	a) 
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	b) 
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	e) 
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v. 
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	f) 
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	g) 
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	h) 
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2. 
Luis and Hannah ate 
[image: image33.wmf]2
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 of the remaining 
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 pizza that was in the refrigerator. What fraction of the total pizza did each of them eat?

3. 
J.P. is teaching his daughter about farming (and math). He gives her 
[image: image35.wmf]4
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packages of green bean seeds and 7 packages of tomato seeds. J.P. tells his daughter that she has 5 rows in the garden in which to plant her seeds.


(a) If J.P.’s daughter distributes her tomato seeds evenly among the rows, 

                 what fraction did she put in each row?


(b) If his daughter only uses 3 of the rows to plant all of the green beans, what 

    fraction of beans did she put in each row?

Frequency Tables
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A frequency table is a way of recording data, which involves charting the number of times an event occurs (the frequency).  For example, if you surveyed your classmate as to their favourite kinds of movies and then you charted the results, your chart might end up looking similar to the following.
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	Action
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Exercises:
1. 
Survey 10 of your classmates or friends to determine their favourite type of ice cream (or music) and prepare a frequency table to record your data.

2. 
Obtain a die from your teacher or if you are doing this at home, use your own or your calculator apps. Roll the die 50 times and prepare a frequency table similar to the one above for the values you could obtain when you roll a die.

3. 
Describe how your table would change if you used two dice instead of one.
Frequency Polygons; Histograms
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A histogram is a graphical representation of your frequency table.  Histograms are different from bar charts in that the bars of histograms are always attached together. The x-axis for a histogram has a range of data (i.e. 1 – 4 minutes) rather than a class of data (i.e. action movies). Like a bar graph, the histogram requires a title and properly labelled x and y axes. Also, if the data does not begin at zero, a         can be used to indicate the range from 0 to the first interval. A histogram should NEVER be more than 10 intervals. Therefore, you must choose a suitable size for the interval or bin size.
Example:  Studies (and logic) show that the more homework you do the better your grade in a course. In a study conducted at a local school, students in grade 10 were asked to check off what box represented the average amount of time they spent on homework each night. The following results were recorded.

	Amount of time on homework/night
	Tally
	Frequency

	0 - 0.5 hours
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	0.5 – 1 hr
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	1 – 1.5 h
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	1.5 – 2 h
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Draw a histogram to represent the data.


A frequency polygon simply joins the midpoints (the center of the tops of the bars) of the histogram class intervals with straight lines and then extends these to the horizontal axis. The distribution is extended one unit before the smallest recorded data and one unit beyond the largest recorded data. Looking at the histogram from above, we can draw the frequency polygon on top of the histogram. The area under the frequency polygon is the same as the area under the histogram and is therefore equal to the frequency values in the table. 


Exercises:

1. 
For each of the following examples, describe why you would likely use a bar graph or a histogram. 


(a) Frequency of the favourite drinks for the first 100 people to enter the school 

    dance.

(b) Frequency of the average time it takes the people in your class to finish a math 

    assignment.

(c) Frequency of the average distance people park their cars away from the mall in 

    order to walk a little more.

2. Prepare a histogram using the following scores from a recent science test. When done, use a different colour pencil and draw a frequency polygon on your graph. Does the area under your frequency polygon look equal to the area coloured in your histogram?

	Score (%)
	Tally
	Frequency

	50-60
	((((
	4

	60-70
	((((  (
	6

	70-80
	(((( (((( ( 
	11

	80-90
	(((( (((
	8

	90-100
	((((
	4


3. 
Design a survey question for you classmates, family, or friends such that the results can be displayed by using a histogram.

(a) Ask 20 people the question. 

(b) Prepare a frequency table of the results. 

(c) Prepare a histogram and frequency polygon from your data. 

Lower and Upper Quartile (Stem-and-Leaf, Box-and-Whisker)

In a recent study of male students at a local high school, students were asked how much money they spend socially on Prom night. The following numbers represent the amount of dollars of a random selection of 40 students.

	25
	60
	120
	64
	65
	28
	110
	60

	70
	34
	35
	70
	58
	100
	55
	95

	55
	95
	93
	50
	75
	35
	40
	75

	90
	40
	50
	80
	85
	50
	80
	47

	50
	80
	90
	42
	49
	84
	35
	70


The above data values are not arranged in any order. For purposes of observing and analyzing data, the values can be distributed into smaller groups using a stem-and-leaf plot. For a stem-and-leaf plot, each number will be divided into two parts using place value. The first part will be the stem and it will include all values. The last part will be the leaf. The stems will be arranged vertically in ascending order and each leaf will be written to the right of its stem in order from least to greatest.



Dollars Spent by Males on Prom Night



Stem

Leaf



  2

5, 8



  3

4, 5, 5, 5



  4

0, 0, 2, 7, 9



  5

0, 0, 0, 0, 5, 5, 8

  

  6

0, 0, 4, 5



  7

0, 0, 0, 5, 5



  8

0, 0, 0, 4, 5

  

  9

0, 0, 3, 5, 5



 10

0



 11

0




 12

0

From the stem-and-leaf plot, the smallest value (25) and the greatest value (120) are evident. The data values are displayed in ascending order in various intervals. With the numbers in order, it is very easy to determine the median (middle value or 60) of the data and to observe the range of values (25 – 120). Any outliers (values that are significantly different from the majority of a set of data) can also be readily found.

The above data can now be displayed on a box-and-whisker plot. This plot shows how the data is grouped but does not show every data value. The plot is drawn above a number line using appropriate equal intervals as a scale. The data is separated into quarters that represent one-fourth of the data values. The box contains 50% of the data values and each whisker contains 25% of the data values. To construct a box-and-whisker plot, the data must be arranged in order form least to greatest. A number line with an appropriate scale is then drawn.
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The lower and upper extremes are marked with short vertical lines. The median of all the data values is marked with a long vertical line. The median of the lower half of the data values (lower quartile) and the median of the upper half of the data values (upper quartile) are marked with long vertical lines. The tops and the bottoms of the long vertical lines are joined to form a box. Box-and-whisker plots are used for comparing similar data. The plots will show where data is clustered and data is spread out. The smaller the box is the more consistent the data.

Exercises:

1. A research firm has just developed a streak-free glass cleaner. The product is sold at a number of local chain stores and its sales are being closely monitored. At the end of one year, the sales of the product are released. The data is found in the chart below.

	266
	94
	204
	164
	219
	163

	87
	248
	137
	193
	144
	89

	175
	164
	118
	248
	159
	123

	220
	141
	122
	143
	250
	168

	100
	217
	165
	226
	138
	131


The research firm was not satisfied with these sales. An advertising campaign was launched to promote the streak-free glass cleaner. At the end of the second year, the sales of the product from the same chain of stores are released and found in the chart below.

	176
	251
	341
	292
	271
	224

	223
	180
	241
	236
	176
	245

	271
	249
	276
	264
	235
	321

	240
	255
	178
	293
	195
	262

	300
	296
	242
	254
	224
	177


(a) Display the sales of the product before the Ad campaign in a stem-and-leaf plot.

(b) Display the sales of the product after the Ad campaign in a stem-and-leaf plot.

(c) How many chain stores were involved in selling the streak-free glass cleaner?

(d) In stem 1a, what does the number 11 represent? What does 8 represent?

(e) What percentage of stores sold less than 175 bottles of streak-free glass cleaner before the Ad campaign? After the Ad campaign?

(f) Can you tell by examining the stem-and-leaf plots whether or not the Ad campaign was a success? Explain.

(g) The results of the Ad campaign had to be presented to the research firm. To do this, box-and-whisker plots were drawn to represent each set of sales. Construct the box-and-whisker plots that would be used in the presentation. (Show your work)

2. In a recent survey done at a high school cafeteria, a random selection of males and females were asked how much money they spent each month on school lunches. The following box-and-whisker plots compare the responses of males to those of 

Females.
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(a) How much money did the middle 50% of each sex spend on school lunches each month?

(b) What is the significance of the value $42 for males and $46 for females?

(c) What conclusions can be drawn from the above plots? Explain.

Answers: 

Mean Median, Mode

1. a) 0, 0, 1, 2, 2, 2, 3, 4, 8


Median = 2               Mode = 2

b) 10, 10, 10, 10, 10, 20, 30, 30, 40, 40



                                              Mode = 10

c) 20, 21, 22, 22, 25, 26, 26, 27



                                                     Mode = 22 and 26

2. a) 7, 9, 12, 15, 23, 31



There is no mode

b) Donna could say that about 14 RESPs should be sold in the next two months or 7 per month.


3. a)

b) Median Salary = $285.23

c) The months of July and August were his best months. (multiple answers)

d) The median salary is a better measure of his “average salary” since his salary for five of the months are below this amount and two better months skew the mean.

e) The mode would not be useful since his monthly salary does not repeat.

Fraction Review 
1 a) 
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 matches picture v.

b) 
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 matches picture ii.

c) 
[image: image40.wmf]5
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 matches picture viii.

d) 
[image: image41.wmf]2

 matches picture vi.

e) 
[image: image42.wmf]5
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 matches picture iv.

f) 
[image: image43.wmf]10
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 matches picture iii.

g) 
[image: image44.wmf]3

 matches picture i.

h) 
[image: image45.wmf]2
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 matches picture vii.


2.      of     the pizza was eaten by Luis and Hannah.


                                                 They ate 1/3 of the entire pizza.

3. a) 7 packages ÷ 5 rows


b) 
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Frequency Tables 

1 a) The responses for the question “What is your favourite beverage?” would be specific 
names. There is no range in the data. Therefore a bar graph would be used. The beverage would be on the x-axis and the number of students would be on the y-axis. A Bar Graph would be used.
b) The results would have to be grouped in intervals since each result represents a 
specific time. The time intervals would be on the x-axis and the number of students would be on the y-axis. A Histogram would be used.
c) Once again a histogram would be used since the results would have to be grouped in 
intervals since each result represents a specific distance. The distance intervals would be on the x-axis and the number of people would be on the y-axis.


2. 


3. Answers will vary
Upper and Lower Quartile 

1. a) Sales before Ad Campaign

b) Sales after Ad Campaign


Stem
Leaf




Stem
Leaf


8
7, 9
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6, 6, 7, 8


9
4




18
0


10
0




19
5


11
8




20


12
2, 3
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1, 7, 8
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3, 4, 4
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1, 3, 4
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9
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3
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29
2, 3, 6


21
7, 9




30
0


22
0, 6




31


23





32
1


24
8, 8




33


25
0




34
1


26
6


(c) There were 30 chain stores involved in selling the streak-free glass cleaner.

(d) The numbers 11   8  in stem 1a  represent 118 bottles of streak-free glass cleaner sold by one of the chain stores.

(e) 


        After the ad campaign no stores sold less than 175 

                                           bottles.

(f) Yes, the Ad campaign was a success. Before the Ad campaign, 19 stores (63.3%) sold less than 175 bottles of the streak-free glass cleaner. After the Ad campaign, all of the stores (100%) sold more than 175 bottles of the product.

(g) Lower Extreme:
87

Lower Extreme: 176
Upper Extreme: 266

Upper Extreme: 341

Median: 163.5


Median: 247

Lower Quartile: 131

Lower Quartile: 224

Upper Quartile: 217

Upper Quartile: 271
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2a) The middle 50% of males spend 28 - 68 dollars on school lunches each month. The 

middle 50% of females spend 22 - 58 dollars on school lunches each month.

  b) The value of $42 for males represents the median of all the data values collected from 

the males in the survey. The value of $46 for females represents the median of all the data values collected from the females in the survey.

  c) Most students spend 28 – 58 dollars on school lunches each month. The majority of 

the data lies within these two values. (other answers possible)
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You make one mark in each box every time you get a yes vote!





These are the options in the category you are surveying.





The frequency is just the sum of the tally marks in each category.
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She puts � EMBED Equation.3  ���package of seeds in each row.





The area under the frequency polygon appears to be equal to the area of the histogram.
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Each row will get � EMBED Equation.3  ���  pkg of seeds.
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