1.1 Displaying Distributions with Graphs _ _ 9

1.3 Data from 2 medical study contain values of many variables for each of
the people who were the subjects of the study. Which of the following
variables are categorical and which are quantitative?

() Gender (female or male) COEGOrC o
(i)) Age (Yeai's) u (; ‘.\‘-"1 "‘A_'Cf_-il'.\v{?

(c) Race (Asian, black, white, or other) ¢4 (.'.‘373\’ WO\
(d) Smoker (yes or no) catCgor \coN
(e) Systolic blood pressure (millimeters of mercury) - L@ " O €

(f) Level of calcium in the blood (micrograms per milliliter) udr=riter+1 7€

3,

U

Dotplots and histograms

Table 1.1 presents the percent of residents aged 65 years and over in each of
the 50 states. One way to quickly visualize a data set is to construct a dotplot. To
dotplot make a dotplot, draw a horizontal line to represent the variable and impose a

number scale for the values of the variable. Then mark a dot at the appropriate
place for each observation. If you enter the data from Table 1.1 into a Minitab
worksheet and ask for a dotplot, you would see the following;

MTE > Dotplot 'Pop%’f

S o e e N e g e S R - Pop%
3.0 6.0 8.0 12..0 15 .0 18.0
MTB >
range : Notice that you need not begin with zero on the left; simply cover the range

of the data. If you sort the data—the keystrokes on the TI-83 are STATS /
2:SortA(Ly)—you see that the smallest percent is 4.9 (Alaska) and the largest
percent is 18.6 (Florida). We say that the range of the data is from 4.9 to 18.6.
If you are constructing a dotplot by hand, you would mark a horizontal scale
that extends from about 4 to about 19.

Sometimes quantitiative variables take so many values that a graph of the
histogram distribution is clearer if nearby values are grouped together. A histogram is the
most common graph of distributions with one quantitative variable. To illus-




Displaying Numerical Data: Dotplots

Dotplots
A’dotplot is a simple way to display numerical data when the data set is reasdnably
small. Each observation is-represented by a dot above the location corresponding
toits value on a horizontal measurement scale. When a value occurs more than once,
there is a dot for each occurrence and these dots are stacked vertically.
Dotplots

When to Use:  Small numerical data sets

How to Construct:
1. Draw a horizontal line and mark it with an appropriate measurement scale.

2. Locate each value in the data set along the measurement scale, and represent it by a dot. If
there are two or more observations with the same value, stack the dots vertically.

(continued)

What to Look For: Dotplots convey information about a representative or typi'cal value in the data
set, the extent to which the data values spread out, the nature of the distribution Qf values along
the number line, and the presence of unusual values in the data set. :

EXAMPLE 3.7 The accompanying data on gender and birth weight (in kilograms) of foals born to
—— 15 thoroughbred mares appeared in the article “Suckling Behavior Does Not Mea-
sure Milk Intake in Horses” (Animal Behaviour (1999): 673-678). Figure 3.9 shows
a MINITAB dotplot of the weight values.
Foal 1 2 3 4 5 6 7 8 9 10
Gendr F M M F F M F F M F
Weight 129 119 132 123 112 113 95 104 104 93

Foal 11 12 13 14 15
Gender M F M F F
Weight 108 95 117 128 127

A typical birth weight is around 113. The 15 observations are quite spread out
around this value. A gap separates the three smallest values ffom the rest of the
data. Figure 3.10 shows the dotplots of male and female foal weights. Althou.gl.l t.he
weights for male and female foals seem similar in the main part of the data, it is in-
teresting to note that all three of the foals with low birth weight were female.

FIGURE 3.9 Dotplot of foal M . l |
birth weights | . | ]

FIGURE 3.10¢ Dotplot of o e . % Loy
birth weight for male and Female ' 1
female foals

~
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bar chart

Variables: categorical and quantitative

Some variables, like gender and job title, simply place individuals into
categories. Others, like height and annual income, take numerical values
for which we can do arithmetic. It makes sense to give an average income
for a company's employees, but it does not make sense to give an “aver-
age” gender. We can, however, count the numbers of female and male
employees and do arithmetic with these counts.

A categorical variable records which of several groups or categories
an individual belongs to.

A quantitative variable takes numerical values for which it makes
sense to do arithmetic operations like adding and averaging.

The distribution of a variable tells us what values the variable takes
and how often it takes these values.

A variable generally takes values that vary. One variable may take val-
ues that are very close together while another variable takes values that
are quite spread out. We say that the pattern of variation of a variable is its
distribution. :

The values of a categorical variable are just labels for the categories,
like “male” and “female.” The distribution of a categorical variable lists
the categories and gives either the count or the percent of individuals who
fall in each category. For example, here is the distribution of marital status
for all Americans age 18 and over. ' '

Single 41.8 22.6
Married 113.3 61.1
Widowed 139 7.5
Divorced 16.3 8.8

To present such data to an audience, you may wish to use graphs like those
in Figure 1.1. The barchart in Figure 1.1(a) helps us compare the sizes of
the four marital status groups. The heights of the four bars show the counts



1 Exploring Data

Millions of adults

120 +
100 -
Married .
&0 - 13.% million
Single
41.8 million
60 -
Divorced
16.3 million

Smgle Married Widowed Divorced

Widowed
Marital status . 13.9 miillion
)] (b)
FIGURE T} (a) Bar chart of the marital status of U.S. adults. (b) Pie chart of

the same data.

chugrt in the four categories. The piechart in Figure 1.1(b) helps us see what part
of the whole each group forms. For example, the “married” slice makes
up 61% of the pie because 61% of adults are married. Bar chartsand pie
charts help an audience grasp the distribution qmck]y

EXERCGISES

1.1 In Activity 1, you collected some pulse rate data.

{2) What individuals do the data describe?

(h) How many variables are there? What are they?
{¢) In what units is each variable recorded?

(d) Are the variables quantitative or categorical?

._.
)

Example 1.1 presents data on the states. The first column identifies the
states. Each of the remaining seven columns contains values of a variable.
Which of these variables are categorical and which are quantitative?
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French Fry Statistics

Personal Data Sheet

Restaurant;

Size:

Cost: Number of fries:

- Length in Inches Length

Mean:
(0. Trimmad ean:
Median:
Mode:
Range:
Standard Deviation:

Va N “ee !

CV:
Total Number of
Inches:

Cost per inches:

Cost per french fry:

Why is the cost per inch a more reliable comparison that the cost per french fry?
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Why do we divide by n—1I instead-of #'when calculating the sample standard deviation or variance?

The goal of this activity is to guide you to discover the reason for the above and to practice the many
things you have learned so far.

In order for a statistic, for example s?, to be an unbiased estimator of a parameter, for this example o,

then the expected value or average of all s*°s should equal o*. Find out which formula for s* is the
unbiased estimator by filling out the following table and answering the questions. Under the column
“Samples of Size 27, list the values for each of the different samples that could come from a population of
only three numbers: 1, 2, and 3. There are nine (9) different samples with replacement. Use these values
to help fill in the rest of the table. The first two rows have been done for you. Be sure you understand
where these numbers came from before proceeding.

) Tatkoo

Samples of _

Size 2 X s* using n=1 | s* usingn_
I 1,1 1 0~ 0 N
2 1,2 ' 1.5. | 075 0.25
3 \,3 a AL |
4 2, \ .4 0.5 015
5 134 74 0 0 ,‘
6 2,3 35 0.5 0.15 /
7 3, - 12 \
8 3,2 2.5 |ps 629 #
9 3 ,;} 5& 0 / The tattoo parlor near campus
Average | n/a 2\ | 2/ Vs~ Soirad o cortion o

\’d/ the standard deviation.
1. Draw the distributions of the population and of the sample means. You can use a stemplot or

histoeram. Be sure to label the axes. Be informative!

(:(_“;\“:l - 2.0
o) SprEo A 1=3
= . Pt e cd |
k‘f. shap€ -2y yred ' e
S
ourl€rs = X %

1.0 S5 2. 2.5 b Ty
2. Calculate o” (rex\nember that the population 01>1<1y has three values). Show your work.

&_Eu—mf

n g
gie (3-) v (-2) L o2

Which formula for s* is the unbiased estlmator‘? Why‘?
37 \,l’i‘ﬂﬁ L a )\(Ccrur s ¢ a\ ‘0 & o F tne thre€

(8]

vohues ond

4. Howdo u, (population mean of x’s) and Hs (population mean of X ’s, the sample means) compa1e‘7
My and My are vhe €0Me Ann Watkins CSUN

lee kucera Page 1 10/15/08
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Displaying Quantitative Data

Advanced Placement Statistics
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Stats: Modeling the World, Chapter 4

ACROSS

when a distribution is not symmetric and one tail
stretches out farther than the other
distributions with two modes
uses adjacent bars to show the distribution of
values in a quantitative variable, where each bar
represents the proportion-of values falling in an
interval

1/3/ uses adjacent bars to show the distribution of
values in a quantitative variable, where each bar
represents the number of values falling in an
interval

- 45 used to display data that change over time
a numerical summary of how tightly the values
are clustered around the "center”

17 the parts of a distribution that typically trail off
on either side
a distribution roughly flat in shape

DOWN

/1/a hump or high point in the shape of the
distribution of a variable
2 distributions with more than two modes
3 shape where the two halves on either side of
the center look approximately like mirror images
of each other
an extreme value that doesn't appear to belong
with the rest of the data
/G’ shape where the longer tail stretches to the right

"~ _& type of display that shows quantitative data

values in a way that shows the shape of the
distribution in addition to individual data values

ﬁ shape where the longer tail stretches to the left

10 having one mode

V/ graphs a dot for each case against a single axis

12 reveals single vs. multiple modes and symmetry
vs. skewness

14 a value that summarizes the entire distribution
with a single number, a "typical" value
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