AP Statistics Exploring Data

Introduction to Statistics
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When we examine a data set we ask the following questions:

Who are the individuals described by the data and how many are there?
What are the variables and in what units is each variable recorded?
When was the data recorded?

Where was the data recorded?

How was the data recorded?
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Example 1: CensusAtSchool is an international project that collects data about primary and secondary
school students using surveys, Hundreds of thousands of students from Australia, Canada, New
Zealand, South Africa, and the United Kingdom have taken part in the project since 2000. We used the
website’s “Random Data Selector” to choose 10 Canadian students who completed the surveyin a
recent year. The table displays the data.

Languages Height Wrist Preferrod Travel to

Province Gender spoken Handed ({cm) circum.{mm) communication school {min)
 Ontario Mate i Rgnt 175 175 Internet chat or MSN 25
“Alberta Female 3 Rignt 147 140 MySpace/Facebook 20
- Ontarip Male 1 Right 165 170 internel chat 4
: British Columbia ~ Female 1 Right 158 145 in persoh 10
~New Brunswick  Mate g Left 1305 130 Other 40
- Ontario Male 2 Right 170 - 185 inperson 7 ;
Onlario. " ‘Male. .03 CTLeft U500 U100 Intemetohal 10

New Brunswick  Male 2 Both 167.5 220 Internet chat 30

Ontario Female 1 Right 16t 104 Text messaging 10

Ontario Male 6

Right 1905 180 Interhet chat 10

a) Who are the individuals in this dé{a set?
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b} What variables were measured? ldentify each as categorical or quantitative.
In what units were the quantitative variables measured?
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Example 2: 7 of the 10 students sampled are right-handed. Can we conclude that 70% of the
population of Canadian students who participated in the CensusAtSchool are also right-handed?
Explain.
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1.1 Analyzing Categorical Data

Frequency Table — a table that displays C OVM/’\E"'J

Relative Frequency Distribution — a table that displays gg&)lf&zﬁ%wgﬁw

We can “pile” the data by counting the number of data values in each category of interest. We can
organize these counts into a frequency table, which records the totals and the category names.

Class Count
First 325 sas /1001 = 41T
Second 285 a8/ 201 = o298
Third 706 We[rLo) T o 3 #0E
Crew 885 ¢gs {rio] = ¢ HOLA
570" | myrry
A frequency table of the Titanic passengers A relative frequency table of the Titanic passengers
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What’s Wrong With This Picture?

You might think that a good way to show the Titanic data
is with this display:
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Bar Charts

A bar chart is often used to display categorical data. The 1000
height of each bar represents the COUNTS for each category. Bars
are displayed next to each other for easy comparison. When 800
constructing a bar chart, note that the bars do not touch one
another. 3 800
Categorical variables usually cannot be ordered in a §
meaningful way; therefore the order in which the bars are £ 40

displayed is often meaningless.
This bar chart stays true to the area principle. Thus, a 200
better display for the ship data is: -

Fit  Second Thid  Crew
Class

0

40%
Relative Frequency Bar Chart
. . . 30%
A relative frequency bar chart displays the relative
frequency of counts for each category.
A relative frequency bar chart also stays true to the area 0%
principle. ,
Replacing counts with percentages in the ship data: 10% - | ;
The sum of the relative frequencies is /() D‘?o )f

First Second  Third Crow

- T Class
A AV C/{/\ W‘ﬁw is another type of display used to show categorical data. Pie

charchow parts of a whole, Bie charts are often difficult to construct by hand.
Count

Pie charts show the whole group of cases as a circle.
They slice the circle into pieces whose size is proportional to the
fraction of the whole in each category.

Second Class
285




P i ?
A g w&‘”ﬂﬁ %m% shows two categorical variables together e margins give the
frequ ncy dlstributuons for each of the variables, also called the __}yNAA 63&4 ¥y

It shows how individuals are distributed along each variable, contingent on the value of the
other variable.

Example: we can examine the class of ticket and whether a person survived the Titanic:

Class

First Second Third Crew | Total

Alive | 203 118 178 212 711
Dead | 122 167 528 673 | 1490
Total | 325 285 706 885 | 2201

Survival

Marginal Distribution vs. Conditional Distributions:
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The conditional distribution of ticket Class, conditional on having perished... "‘““‘“P& (AN ¢
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The conditional distributions tell us that there is a difference in class for those who survived and those
who perished.



This is better shown with pie charts of the distributions:

Alive Dead

Segmented Bar Charts g
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Alive Dead
Is there an association??
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What is wrong with the following graphs?

DIRECTV :
STOMPS=COMPETITION o lelea)
. Dish Network - M

Fagd Ulagg
%3

Use
Marijuana
Use
Alcohol
Heavy
Drinking




Example 3: A survey of 4826 randomly
selected young adults {aged 19 to 25}
asked, “What do you think are the
chances you will have much more than
a middle-class income at age 30?”

a) Calculate the marginal distribution
(in percents) of opinions and make a
table of the data.
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b} Create a graph of the distribution,

Gender
Opinion Female Male Total .
Aimost no chance 96 98 194
Some chance bul probably not 426 286 712
A 50-50 chance 606 720 1416
A good chance 663 758 1421
Almost ¢certain 486 597 1083
Total 2367 2459 4826 /
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¢} Calculate the conditional
distribution of opinion among
women.
Cpinton
Qbf 2367 = L0 qol Almost no chance
. Same chance but probably not
u o / %2077 1§00 A 50-50 chance
A good chance
bhb [ He7T- Qqqo Almast certain
Total

Total
194
742

1416
142
1083
4826

ale,

06 [23677 0&80]

M,

d) Calculate the conditignal distribution of opinion among men

ho ag] 24vT = o 0591
sl a56 24T = o 1163
&0 Jso a0 [2uysq = 3978
%Qﬁgf V5E [AYSE = . 20D
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e} Compare the conditional distributions of men and women.
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Simpson’s Paradox — an association between two variables that holds for each individual value ofa
., third variable can be changed or even reversed when the data for ali values of the third variable are

combined. T rpfReaMs ool NN ™\ A AN N,

Example 5: Do helicopters save lives? Accident victims

. . , Helicopter Road
are sometimes taken by helicopter from the accident —
scene to a hospital. Helicopter’s save time. Do they Victim died 64 260
also save lives? Let’s compare the percent of accident ~ Viclim survived 136 840
victims who die with helicopter evacuation and with Total 200 1100

the usual transport to a hospital by road.
a) What percent of helicopter patients die? What perce

W (% b
4 = %2 200 =, 2504 w0
200 100 /’3 Mf”iyﬁ’ e

t of road patients die?

b) Here are the same data broken down by the seriousness of the accident. For both types of
accidents, what percent of helicopter patients die? What percent of road patients die?

‘Mljl‘éh!‘icoptérr Road T Helicopter Road
Died 48 60 | Dled 200
Survived 52 40 “ | Survived 800
Total 100 Total 100 1000
(ﬂ/ ( 2 i (&
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Example (Simpson’s Paradox continued): Two companies have labor and management classifications
of employees. Company A’s laborers have a higher averages salary than Company B’s, as do Company

As managers. But overall Company B pays a higher average salary. How can that be? And which is the
better way to compare earning potential at the two companies?
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Alternate Example: Cell Phones

The Pew Research Center asked a random sample of 2024 adult 18-34 35-54 55+ Tolal

cell phone owners from the United States which type of cell Phone 169 171 127 AT
phone they own: iPhone, Android, or other (including non- Andrid 214 189 {00 503
smart phones). Here are the results, broken down by age Other 134 27 643 1084
category. Explain what it would mean if there was no Total 57 87 &0 NN

association between age and cell phone type.
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Alternate Example:
The following partially complete two-way table shows the marginal distribution of age and ice cream
flavor preference. If there is no associate between age and flavor preference for the members of the

sample, which of the following is the correct value of x?

Chocolate Vanilla Total
Children 41 19 60
Aduits X 100
f
X%
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1.2 Displaying Quantitative Data with Graphs

How to Examine the Distribution of a Quantitative Variable

Shape

Example 1: Draw an example of each distribution type.

Symmetric Distribution —

Skewed Right Distribution —
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Skewed Left Distribution
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Unimodal Distribution —

Multimodal Distributions —

Uniform Distributions —
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To describe a univariate data distribution:
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Example 2: The Environmental Protection Model Mpy  Model Mpg Model Mpg

pr

. Agency (EPA) is in charge of determining and Aeura L 22 Dodgo Avanger 8 Mercury Mien =
i i . Audi A6 Qualiro 23 Hyundal Elantra 33 Mitsebishi Galant a7 -~
reportlng fUEI economy rat‘mgs fOI" cars. The Banttey Arnage 14 Jaguar XF 25~ Nissan Maxima 26~
i table below diSp'ElyS the EPA estimates of BMW 5281 28 Kia Optima 32 Rol's Royce Phanlom 18"
h. h | . il ” ( ) f Bulck Lacrosse 28 Lewus GS 250 287 Salurn Aura 33
18 Way gas m eage In mies per ga on mpg or Cadilac CT5 25 Lincein MKZ 2" Toyola Camry 31—
4 sample of 24 model year 2009 midsize cars. Chevrolai Malibu 33 Marda 29" Volkswagen Passal 29~
Chrystar Sebring 30 Mercodes-Benz £350 247 Volwo 580 25"

a) Construct a dotplot of the data.
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b) Describe the distribution. Are there any outliers?
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ample 4: How do the number of people living in
ouseholds in the United Kingdom (U.K.) and South Africa
compare? We selected 50 random households from each
country using the CensusAtSchool database. Use the sf
dotplots to compare the distributions. H ‘E:j I
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Stemplots — stemplots are simple graphical displays for fairly small data sets.

- If a stemplot has too much data concentrated in one area you can also split stems.
I

e Thereis no magic number of stems to use.

¢ Rounding data and using the rounded digit as a leaf is acceptable,

Stemplots do not work well with large data sets, but five is a good minimum.

Example 5: How many pairs of shoes does the typical teenager have? Let’s sample this class and

construct a stemplot. Describe the distribution once the stemplot is complete.

(ots ot

Alternate Example: Which gender is taller, males or females? A sample of 14-year-olds from the
United Kingdom was randomly selected using the CensusAtSchool website. Here are the heights of the

students (in cm). Make a back-to-back stemplot and compare the distributions.

Male: 154, 1577187, 163,167, 159,169,162, 176174151, 175, 174, 165, 165, 183, 18

Female: 260, 169, 152, 167, 164, 163, 160, 163, 169, 157, 158, 153, 181, 165, 165,159, 168,
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Example 6: The table gives the percent of
residents in each state born outside of the
United States. Construct a histogram of the
data.

i) Divide the range of the data into classes
of equal width.

i) Find the count (frequency) or percent
(relative frequency) of individuals in each
class.

iii) Label and scale your axes and draw the

histogram. W
0
ol
G
O’{\/

Histograms vs. Bar Charts

Histogram

Percent of states
Percent of stations

0 5 10 i5 i) 25 0

State Percent State Parcent State Percent
Alabama 28 Louisiana 2.9 Ohio 36
Alaska 10 Maing 3.2 Oklahoma 4.9
Artzona 15.1 Maryland 122 Gregon 9.7
Arkansas as Massachuselts 141 Pannsylvania 5.1
California 27.2 Mizhigan 59 Rhode island 126
Colorado 10.3 Minrnesota 68 Soulh Carolina 41
Gonnecticut 12.9 Mississippi 18 South Dakota 2.2
Defaware 81 Missourl 3.3 Ternesses 39
Florida 169 Montana 1.9 Texas 15.9
Georgia 9.2 Nebraska 56 Utah 83
Hawaii 163 Nevada 1§.1 Vermont a9
Idaho 58 New Hampshira 54 Virginia 10.1
[iriois 138 New Jarsey 2041 Washington 124
Indians 4.2 Naw Mexico 0.1 West Virginfa 12
lowa 3.8 New York 216 Wisconsin 44
Kansas 6.3 Narth Carclina 6.9 Wyoming 27
Kentucky 27 Narth Dakota

Class Count Class Percent
Gl <5 Qlo<b

Sto< 10 Blo <10

10 <15 f0to < 15

1510 < 20 15t0 < 20

20t0<25 20to < 25

25t0 < 30 2510 < 30

Total Total

Porcent of foreign-horn residents
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Example 2: Compare the following distributions of ages for

female and male heart attack patients. @ 1000
.g 800
L : - 600
NGl T o7V ©
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=
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Op 7 '3 Mv Sl P | p 1282
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ot PP et . 5 200
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Why would we prefer a relatsve frequency hlstogramjto a frequency h|550gram?
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What will cause you to lose points on tests and projects (and turn the rest of my hair gray)?
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0 20
1.3 Describing Quantitative Data with Numbers io \Zl J

Here are the ages of students in a college course.  Mark the median, mean, and mode.

"

e enonrert

@7/@ } f } f : i I T 1 f } } X

12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

Let’s say a 12-year old child genius is added to the course. Now mark the median, mean, and mode.

p
: 7 2 |
What has haf)pened to these values: y jr,ih - f;‘ . @\ﬂ\&?@ < 375 i/ A0,
median  meved /@z\am W e g
=

F

& o
L now E:L F B3 F19E) F 20D Fal) %z(a)j /af» =/7.6

o G
. y /’/ ng«wmﬁ
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e
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What is the difference between X and p ? _
X i S armpds (Shotietc
/./\ J% Pwﬁmvﬁ mn!f’;d‘r“\ Py { é,g al ﬁ_.g’hf‘(i:ﬁl\gy

What is a resistant measure? Is the mean a resistant measure of center?

adiaro. 0 Readstant o g Laro N

How can you estimate the mean of a histogram or dotplot?
“& T ey & —

. lsthe median a resistant measure of center? Explain.

T ncesy Fham o

How does the shape of a distribution affect the relationship between the mean and the median?

ngm ~AdE S0 Nl
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What is the range? Is it a resistant measure of spread? Explain.

no /] %ﬁzm Wﬁffﬁé{q Fo @M&gf |V -

L]

A we b Jue pAAS @ &\V
i

el

What are quartiles? How do you find them?

dinde dafo  in

e

WMJ
What is the interquartile range (IQR)? Is the IQR a resistant measure of spread?

WOQ»OUJ i’\\aw%/ @/é, L atla 5

Example 2: Find the quartiles of each set of data. Then find the IQR.
a} The times it took 15 people in North Carolina to commute to work:
5-10 10 40 1012 15@20 25 @ 40 40 60

A

' = 40
Gi=to medid” CER
=7.0

b) The times it took 20 people in New York to commute to work:

5 - QL=I5

Q058 5k - o
] eeyrdis-isn me. han = Zgﬁj;w}} = Lla>
00 New York worker T

| who reporied a
TsTinite travel

Q05 imetowork, | | @ :—%’ = LD‘({% _.g_&{g”" = L‘f 2’5 g
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!
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62
Qutliers — we will call an observation an outlier if it falls more than /"s’(/éf above the third
quartile or below the first quartile. The numbers that mark an outlier we will call S LA

Example 3: Examine the data from example 2 agﬁ_\n Are there any outliers?
a)f5310 10 12 15 (20720 2530 30" 40 40 @

/ ' li | =20 \& = 69
m&i"‘:i‘;@ Q}’;f() ’?%t} Qg =2 e = Q ;,[,5"(@3‘“‘@?)

- bt o = Jo=ks((3300) < RO
(5)05555 / ﬂ/tjfvﬁ ?MC«Q Q%f“!gfégf”@l}

0005 [ = 20115 (2016) T (O

vl who reported 4
45-minule teavel

5 Wio work. M T&M
~— ne o

b)

\-ﬂo-uu:-uu}/o

5-number summary

Create a 5-number summary from the data on the right, which represents the number of minutes
people waited for their doctor when arriving on time for an appointment: /(98
e INAKA

J in: IK
Median: @468 W =

Q3: S

Maxif 40346
3 3@4446
2 w-__,
1

< _med <37
Find the range: (pK“‘I Z fww)"i')

Find the Interquartile Range: &~ 2 % == &/ g

v Wr- N = QITLE (050132 SotAs(I)T IS Q\M )
réﬁ&i%a@l”lf(@%ﬂ@ﬁ) =Rl €17 = DS in=§

Now crdate a box plot from the 5 number-summary:

— !
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Example: Here are some Algebra 2 Honors test scores. Find the five-number summary, identify any

outliers, and create a box plot. Denote the outliers with asterisks,
6 72,75, 78,J81 85, 86@6 8/3)87 87, 8@95 9, gs@mﬂ%x

/ ”h’ij 3!
L

i =90 +is(qemer= 08
bz g -5 (08 7S

.,'{.'
f

R SRR

- g jm,mmmi *t

©d | 10 ﬁ”? ») [ e HIO
Example: A five-number summary of average 80 i
wind speeds (mph) for the Hopkins Forest of ‘ Max  B.67
western Massachusetts in 1989 is given. The 5 | Q3 503
data was taken every day for a full year. Median 1.0
Compare the boxplot and histogram displaying & Q.1 1.15
& Min 0.20
the same data.... s O
H=
20 —

Average Wind Speed (mph)
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Example 3: .For a class project, a Min | Q1 Med Q3 Max , | IGR

stuFlent c&gared the efficiency of CUPPS 6 6 8.5 14.95 18.,5/0 3 95

various coffe \ ontainers. For her Nissan 0 1 5 45 /7/ 350

;;;dey, she decidedto try 4 SIGG 9 | 1150 |14.25 | 2175 2450 | 10.25
ifferent containers and to test Starbucks | 6 6.5 850 | 1435 | 17.50 |7.75

each of them 8 differeﬁf‘ti_[pes.
Each time, she heated wate\r"tq 180°F, poured it into a container, and sealed/it. After 30 minutes, she
measured the temperature agai'h\and recorded the difference in temper/ature. Because these are
temperature differences, smalier differ_gnces mean that the |iquz ayed hot—just what we would
want in a coffee mug. What can we say about the effectiveness of these four mugs?
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Standard Deviation s, - the standard deviation measures the average distance of the observations

from their mean. It is calculated by finding an average of the squared distances and then taking the
square root. The number you are taking the square root of is the variance.

Variance s’ - the average squared distance is called the variance. Itis the square of the standard

deviation.

SRRt (X, ~X 1 Z(x

| n;1:;”-~

How to Find the Standard Deviation

1. Find the distance of each observation from the mean and square each of these distances.
2. Average distances by dividing their sum by n - 1.

3. The standard deviation s, is the square root of this average squared distance:

in the distribution below, how far are the values from the mean, on average? %:- Lg
[=] g (& g <] | |
| O | ] | ’i 1 | ] é i t | 3 | | é ] i | 7} i 1 | é 1
g 3
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What does the standard deviation measure?

S,

What are some similarities and differences between the range, IQR, and standard deviation ‘

“ - f
'_7"‘L\ 0 (—j M/ Q‘ /@}\g;@_ /ﬂ“f«’t) LA b;},{ﬂ_y&iﬁl ,? \"g £ {j / I} g’:ﬂ J\},g E g ;1 HER
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Example 5: A random sample of 9 children were asked how many pets fﬂey owned.
Here are the data: 1 3 4 4 4 5 75 8 9
Calculate the variance and standard deviation by hand

Deviations  Squared deviations
X;— X (2= X )

“

Observations

Good. Now we have done it by hand. Never again. From here on we will use technology (calculators}.

Example: Compare the center and the range of the two classes:

Class A Quiz Scores Class B Quiz Scores

5 6 7 8 9 0 1 s 6 7 8 9 10 11

5 AL ey, o
Which class would have a larger {QR? H’ C,Q/VUQ’U\, AN 536 s @f( O A

Which class shows less variability? Eﬁ B “hf m cal, dasiance ﬁ NUCATN R ;ﬁ\c'?{ L

iJ’

Which c¢lass has a higher standard deviation? J&3

24




Example: Crowd Management Strategies monitors accidents at rock concerts. In their database, they
list the names and other variables of victims whose deaths were attributed to “crowd crush” at rock
concerts. Here are the histogram and boxplot of the victims’ ages for data from 1999 to 2000:

a) What features of the

25 50 distribution can you see in
20 * both the histogram and
£ 40 |— the boxplot? @)
& 15 - 0 Lot lawiag
N ey
ft 10 g 30 1— S’Q@;b\}
<
5 o0 |- b) What features of the
... | distribution can you see in
49 the histogram that you
10— could notseeinthe - 7
boxplot? Thoat A
ém Fred o r?»}:

¢} What summary statlstic would you choose to summarize the center of this distribution? Why?
tic m
” [sd (3l K ci\@g’ﬁ ORI SNV AV P @&Mﬁum g (”’“hﬁ oV b

}/}/{j};%&?%\ &@,‘E ( & Vé,ﬁﬁbf\,,\){’{/ %t )\M\_,_,ﬁn__ﬁ. Pf Lg!,,iéwjg,mwi é”y? oo @Q ) .

d} What summary statistic would you choose to summarlze the spread of this distribution? Why?
ownl Ll cheose TR Alm e b
o ot dona < w%‘xl NG /S

Example: In a survey, high school students were randomly selected and asked how many hours of
television they had watched in the previous week. The histogram to theélg’ﬁ” displays their answers.

z,{?%“
awpert 5 a) Approximately how many students participated in the
3 " o survey? .a oy g w= O
B3t te 1S 138 T E
s | b) Describe the shape of the dlstrlbutlon 3 s
|: | T g‘ - = : %é’/@ Méﬁ ‘;LJ y ﬁiﬁ “f:hw
. PR - '
o | , ﬂ]?_}&lj c) Approximately how many students watched-20 hours
1-5 o) 11-15  16-20  2§-3%  26-30 3135 ? Wl e Le € ’
nuniber of hours of TV watehed last week or less of TV last week ‘5 b ﬁ ﬁ"f@b - émff gg

d) Approximately how many students watched between 16 and 30 hours of TV last week?

) In which category is the medlan ofthe data? 4 e Lﬁ
U ol oven o YB-YPIh Shaalen g \} &K’ﬂ

f) Isit possible to calculate the mean of the data from a histogram?

no
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