Statistics
m Class Notes
Chapter 3: Measures of Center, Dlspersmn and Posmon (Sections 3 1 3.2, 3 4,3.5)
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( Measures of Central Tendency: Mean, Median, and Mode (Section 3.1)
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Let’s say we have a data set, like household incomes, ages, scores on an exam, or helghts of
glraffes on the Serengeti. How can we summarize them SO we get the blgger plcture‘7 o

- =azes PRSIl acacn=

We will see three ways to measure the * center of thlS data. They arc the mean (usually what 1 is
called the average but nor always), the median (the middle number of the data) and the mode
(the most common value). T T

Definition e arithmetic mean of a variable is computed by adding all the values in th_e_data
set and d1v1dmg by how ‘many numbers you_ had e

x SPPPSEE

different symbols for the population mean (W, pronounced “mew”) and the sample mean (X,
e il i

2 Because we usually have a population and a sample to concern ourselves with, we need two

pronounced ‘x bar”). /u e

Which is considered a parameter and which is a statistic?

é@em %: P> (_,,\.7_@ o ‘—’cfcutj‘.i’}

Let’s get a bit technical with this definition. We say we add up the values and divide by how
many numbers we have, right? In math spealk, for p, that looks like

= = - _..._J_,- s
ol N N

The X (Greek letter sigma) is shorthand for “add”. The subscripts of “7” simply mean the 1*, nd
3", ete. values in the list. Recall, we Say there are N obervations in the populatlon

———

%( X, + X+t Xy (ZX, )

When we see this for &, we will use » for the sa.mple size. That will look hke
F\ﬂ ° @& . o g
\.‘k XX+t X, B
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To find a mean, the data must be quantitative. Imagine trying to average the responses to the

‘) ~question “What is your favorite mov1e'7”\ M T
| ~ Vou Ca
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E "w:t_ jet’s try this out. The following data represent the travel times to work (in minutes) for N
. ’@ employees ofa start—upweb development company. O

23 36,23,18,5,26,43

a.) Find the mean of these numbers. Should you label it u or £? -

/L{ re S pinuleo

g ""~=\\ ] 1 1 i
@;et s say we sampled from this population and got the four numbers 23, 23, 5, and 43 _Find
the mean of these numbers. Should you label it pu or % ?

X = 235 Minudv

@ he median of a vanable is the value that lies in the middle of the data When . O
arranged in ascending order. We use M to represent the median.

—

yine up the data values from example 1 in . &)
Increasing order and find the middle value, Label it as .

When you are told that the “average” value is such-and-such, wihat does that mean? Sometimes

P L
this refers to the mean and sometlmes this refers to the median. Often, more digging 1s required
el ot
=10 see which is mtended — T

Like the mean, the data must be quantitative to find its median. Imagine trymg to find the median
of responses to the questlon What is your fayorite movic?”
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expl 3: Let’s change this example up a bit. What if an eighth employee joins this web
O development company? Fmd the median now. o

©
23,36, 23, 18, 5, 26, 43, 33 @

B2 2 23 36 45

[

ZB+2é
M = - =\

Instructions for TI Calculators:

@ E:ompany pays its émployées the following salaries. ’

$25,000 [$26.000 T$26.000 $27.000 1$28.000
$30,000 $30.000 $35,000 $36,000 $200,000

a.) }Tind both the meapg}d median of this data. Do this on the calculator. Here’s how..

O Enter the data values in column L1 in the STAT editor. We do this by pressing the STAT button
) and then selecting EDIT > 1: Edit... from the menu. If necessary, clear out any data in L1 by
arrowing up to the column heading and pressing CLEAR. When you arrow back down, any data
"should be gone. Enter the values of the salaries in L1, pressing ENTER after each onc.

sk

Then press the STAT button again. But this time, arrow over to select CAiC > 1: 1-Var Stats.
That will put this expression on the home screen. Press ENTER and the calculator will fill with
many statistics. (Some newer calculators will have an intermediate screen, where you need to
select L1 for List and clear out any entry in the FregList: row. Arrow down and select
Calculate.)

Look for ¥ and record it here. (The calculator will call this ¥ even if you know the data is
from a population) Give it a dollar sign and comma.

)c 46,300 L

Arrow down and you Wlll see “M_gd—” Wh.l(';h is the medlan Record it here with a dollar sign and

Med = €29 coo
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expl 4b.) If you Wanted to stress the companyis great Dal)anes to prospectlve employees ‘which N
“average’ would you provide? Why? -l . Q

T Lok dbplay ke mean  (3%300)
C awbe e ktﬁl\"/f’“

y _do you think the m(ean and medieu@o different?

¢ 29,002

| ) ] g%{BOO _ .
% 26000 Zppwo 2300 - 2%000 ° . 3ooro  Zoewo 35700 5’@;@95@
Won we dwd Mmean, \Mne Qom 1pede k}lwr large.

F2c0000 awd  so 15 chveaup
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Definition: Re51stant A numerical summary of data is said to be resistant if extreme values
(very large or small) relative to the data do nof affect its value substantially.

e R v =g

—— .
Considering the data above, would you say the mean or the median is resistant? Why?

The nedian = rest sl




v

The Distribution of a Variable and Means versus Medians:

Let’s sce how the mean and median are affected by a variable’s distribution.

LI LR

@e data below represent the asking price of homes (in dollars) for sale in Lincoln, NE.

Asking Prices-of-Homes-inr-Fificoln; Nebraska (dollars)
79,995 . /| 128,950 149,900 J | 189,900
99,899 - [ 130950 I31.330 | 203,950
105,200 - \|131,800 /] 154,900 217,500
111,000 - || 132,300 159,900 260,000
120,000 - {| 134,950 163,300 284,900
121,700 -9 | 135,500 165,000 299,900
“125,950 | 138,500 / | 174,850 309,900 .
. 126,900 - | 147,500 / | 180,000 349,900

_thed IIW_/ =
i

skewed lefi?

e
e

/M .awu MiGITE

Since the mean is less resistant than the median, it is pulled up by the large amounts seen on the

right of the histo gramﬁ]jraw Vemcal lines on the histograffi to mark the mean and median.,
o
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I expl 6 Let’s return to a riddle asked at the very beginning of these Notes. How likely is it that
~the next person you meet walking down a street hagm@?han thqaverag\gumber of legs? | It is W
common to imagine the “average” to be two legs Would that number be t the memr the -
mea.n" In that case, it would be very unlikely to come € upon a person with more tEan  this
average * of two legs o

o Median = 2. t\;@ w\,t;lcf’tj

But if we use the mean for “average”, what would you guess its value to be. Make an educated

guess and write an approximate numﬁér What, now is the Tikelihood of coming upon someone
w1th more legs than average?/", |, - 4 O-etOT ,{,} o @
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Definition: The mode of a varlable is the most frequent observation that occurs in the data set.

e ——

A set of data can have no mode, one mode two modes (bimodal) or more than two modes
(multlmodal) 13’ no observarzon occurs more than once, we say the data have no mode. A& -

bioses, mlies miegns and picdians eay be found for El_ﬂlmatwe data You could find the mode of
responses to the question “What is your favorite movie?” T

expl 7. Mr. Kramer gets a yearly E\IJaluation from his students. Using a scale of [strongly agree,
: agree neutral, dlsagree strongly disagree] students were asked which most fits their level of

agreement to the statement “The teacher is fair.” The rephes s are listed below. Make a frequency
chart and determine the mode.

2 2
strongly disagree disdgree neytrdl strongly agree
agre€ strongly-disagree disagree disagree
dorce strorfgl 1sagree strongly agree ° stfongly agree
1@1‘&: d%ﬁéree strongly agree strongly agree

]
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}n?tructions for STATCRUNCII:

O /Within MSL problems, you will see a little icon that looks like overlapping rectangles next to the
data. Click on it and select “Open in StatCrunch”. This will open-StatCrunch and import the data.
Alternatively, if you have your own data to enter, open StatCrunch from the left-hand MSL
menu and make your way to the spreadsheet. Enter the data in column 1 and label it if you want.

Sel ft'mary Stats > C@ou will need to tell it where the data is (“Select
colwlﬁit will calculate lots of stuff including stuff we have not covered
yet. You can select more to display under “Statistics”. If you just need mean, median, and mode,
select “Mean” and scroll.dowm.to.Control-click “Median” and “Mode”. You will see those
selected items appear to the right of the selection list. Press the “Compute!” button and it will
output a little window with the results.

Measure@Range, Standard Deviation, and Variance (Section 3.2)

-y

o

Once we know the mean of a set of data, we might be interested in knowing how close the actual

values are to that mean. Are the values spread out or close together and all gathered around the

mean? We have a few ways to describe what we will call dispersion.

All of these measures require that the data be quantitative, -ﬁ'

~
he simplest (and quickest) is the range.

smallest data value. That is,

T

k Definition: The range, R, of a variable is the difference between the largest data vatue and the

Range = R = Largest Data Value — Smallest Data Value

g

@t’s try this out. The following data represent the travel times to work (in minutes) for
all Seven employges of a start-up web development company. Find the range,of these numbers.

23, 36, 23, 18@26,@ ” -

vav,
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D Another very useful measure is the standard deviation. Its definition below is a little daunting but
the standard deviation can be thought of as the average dfg.c value 1s _ the mean.

S g | b L . Y
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Definition: The population standard deviation of a variable is the square root of the sum of

squared deviations about the population mean divided by the number of observations in the )
population, A, That s, it is the square root of the mean of the squared deviations about the
population mean.

The population standard deviation is symbolically represented

o (lowercase Greek sigma).
/:-_‘—-\ e
Wow, that’s a mouthful. Here is the formula

where Xy, X, . .., Xy are the N observations in the population
: and yis the population mean.
I

@2 = Vorlauce

e

e

That is well and good, but you may also see an equivalent (computational) formula for the O
population standard deviation that is sometimes used. It follows.

S

Now, the above standard deviation concerned data gott:eii from an entire population. However,
often we have sample data. Here, we see similar but slightly different formulas for the sample
standard deviation.
== t
Gefiniﬁon: The sample standard deviation, s, of a variable is the square root of the sum of !
squared deviations about the sample mean divided by #n— 1, where = is the sample size.

=.E(X_r"‘)?)2 o
V n-1 )

=‘j(x1 XJ? + (XM’}E“)“‘-[_ ”+(Xn ____)—‘()2

L)

g

whére X3: X, - - -, Xz are the n observations in the sample
and X is the sample mean,

g J;
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The computational formula follows.

®

Is it resistant?:

———
Since the range is found by subtracting the minimum value from the maximum value, it is

affected by extreme values. So, we say the range is not resistant.

The standard deviation uses all of the values in its calculation. Therefore, it is also affected by _
extreme values, so it is not considered resistant either.

“gmplete the table to find the standard deviation of thi@ata set,

S _—

,f'I')a{;Set ~ (x; — %)? ° e

/% N\ |le-195x5 53,78
l
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/ Doing this on the calculator is the same as the process we used for finding the mean and median.

g o as s _ - O

Enter the data values in column .1 in I,he,, STAT editor. We do this by pressing the STAT button
(})B and then selecting EDIT > 1: Edit... from the menu. If necessary, clear out any data in L1 by
W”‘J’b arrowing up to the column heading and pressing CLEAR. When you arrow back down, any data
' should be gone. Enter the values of the salaries in L1, pressing ENTER after each one.

$ Al .f,* Then press the STAT button again. But this time, arrow over to select CALC > 1: 1-Var Stats.
- ;@? a | That will put this expression on the home screen. Press ENTER and the calculator will fill w fﬁ
“\f" l#' many sta:cigt}czg (Some newer calculators will have an intermediate screen, where you need to

| select L1 for List and clear out any entry in the FreqList: row. Arrow down and select

Calculate.)

| e Sy 5. (b

A Look for Sx and record it here. (You will also see ox which is the Jpopulation standard
deviation. Again, the calculator does nof know if the data is from a population or sample. You
must decide which standard deviation to record.)

Within MSL problems, you will see a little icon that looks like’overlapping rectangles next to the
data. Click on it and select “Open in StatCrunch”. This will dpen StatCrunch and import the data.
Select Stats > Summary Stats > Columns. You will need to tell it where the data is (“Select
column(s)” at top). By default, it will calculate lots of stuff including sample standard deviation
and variance, mean and median, and range /Y/u can select more to display under “Statistics”. If

you know the data is from a population, “unadjusted” (abbreviated “unad;j.”) variance and
tandard deviation (abbreviated “std. dev.”) is what youneed.

Instructions for STATCRUNCH: Iy/
o)

A

Defim,t}_gﬂ The variance of a variable is the square of the standard deviation. The population
! variance is ¢® and the sample variance is 32

| ot S ——— R

g Notice the table in the last example has us calculate the variance on the way to the standard
deviation. The units of the variance are squared units (for instance, if the va Vanable is in feet, the
variance would be in square feet). That makes interpreting the var1ance a httle more challengmg
We will see the variance later in mferent1a1 statlstlcs i o

2. /Worksheet: Comparison of two data sets with the same mean:
g "~} We will invesfigate two data sets with the same mean. One data set is more spread out than the

other. How do you think their standard deviations will be related?

10
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The Empirical Rule:

If a distribution s roughly bell shaped, the

+  Approximately 68% of the daia will lie within 1 standard deviation of the mean, That i is,
approximately 68% of the data lie between 4 — 1o and p+ lo.
p—r—— ] T

« Approximately 95% of the data will lie within 2 standard deviations of the mean. That is,
-~ - __ approximately 95% of the data lie between g —2¢ and u+2a.

L ol

* Approximately 99. ’%%7 of the data will le within 3 standard deviations of the mean. That
is, approxlmately 99.7% of the data liec between y — 30 and y+ 30"

e S e - =4-d—!:.,_'

7 Note We also use the Empirical Rule based onsample data with ¥ and s used in place of U ;

I,andcr

Nl B

\—-—____:-.m-——-f — e

Here is a picture that illustrates the Empirical Rule.

Y

< 99.7% of data ae within
3 standard deviations of
the mean {§ — 3¢ to u + 30)

e 95% within ———
2 standard deviations

e—— 8% within —
1 standard
deviati

Notice how p is positioned in the exact middle, showing the center of the data. Let’s see this in
action to get a better understanding. S qg——

v ——— PPp——

n‘—-—‘-‘-“‘:-)_“_

11



expl 10: The following data represent the serum HDL cholesterol of the 54 female patients of a

. _.-sufgﬁilff’do ctor.
38
%
70

\.., A ompute the population mean and standard deviation, Use a calculator,
() )Praw a histogram to verify the data is bell-shaped.

R

Drav a quick sketch of a bell:shaped curve, labeling the mean in the middle. Then mark
the various standard deviations (plus or minus 1, 2, and 3) from the meén-using\ areasonable
scale. You mu's;t calculate these values and label them on the horizontal axis. '

Wi@g&tsga_m!%m

a) Compute the population mean-and standard deviatioq. Use a calculator.

- =" If you want, you can verify this information. The calculator tells us

that p=574and c=11.7. o
e s

Draw a histogram to verify the data is bell-shaped.

Serum HDL of 20 - 28 year old patients

Frequency

12



expl 10: (continued)
O ¢.) Draw a quick sketch of a bell-shaped curve for this data, labeling the mean (L =57.4)in

. the middle. Then mark the various standard deviations (plus or minus 1, 2, and 3) from the
“* - ‘fheanusing & reasonable scale. Calculate these values and label them on the horizontal axis.

- r

{ : N

* . .
' B . -

~ H i [, . S
. e : %,
%

A
k!
A
N / kY
- B . y e
e,

L, pesrd R %g 9z
3"* . L+5ﬁq' }A ! o
Q?'B ]
/l)\'ex%_l 10 adé?fﬂ)r%adld quest"oééﬁﬂdw O\Jx{‘d") Q" *20‘/) : C )»H' 2 0") o e

é,t is the percentage-ef-al-patients that have serum HDimthm 1, 2,and 3 standard

feviations of the mean according to the Empirical Rule?

R e e .
within 1 standard deviation from mean: é 8 % 0 ‘#\M
within 2 standard deviations from mean: 5020 F;’ / /

0O

within 3 standard dpviations from mean: QL?I ? ?ﬁ

@ Determine the percentage of all patients that have sermnWagd 92.5
“=Hecording to the Empirical Rule. Refer fo the gaph you produced onlic i agjb
(NN
and your answer to part d.

%7 4

ermine the percentage of all patients that have serum HDL between 45.7 and 69.1
— o -"g 'l il T ——
according to The Empirical Rille. Refertothe gaph you produced on the previous page

T
and your answer to part d.

R/
L

13




Wz j,f(f v 64.8% afﬁw

@D- termine the percentage of all patients that Rave serum HDL between 34 and 69,1
“auCording 1o the Empmcal Rule. Refer o the gaph you produced on the previous S page
o “and yo your answer 10 part’ o, You will-also-use-the.fact that this béll-shaped graphis

. 8% -pw ~ N ot @

b T 24135 =

] | _
'ﬂ‘ Measures ofé‘i’osmon and Outliers: Z-scores, Percentiles, Quartiles, and Interquartile
Range (Section 3.4) '

‘We have talked about the center and the spread of a set of data values. Now we. look at how the

values are positioned about cach other

e

"Usmg z-scores fo compare data

Consider the Los Angeles Angels a baseball team in the American League. Durmg the 2014
season, the Angels scored 773 runs. During that same season, the Colorado Rockies, who play in

the Natlonal League scored 755 runs.

It seems as though the Angels outperformed the Rockies. But did they really?

rprpazace e Y
wu_ﬁl

“League, on the other hand, uses desagnated hitters to replace the pitchers when 1t 1s thelr fime at

=)

T)at e -
he Naﬁonal League averages 640 runs with a standard deviation of 55.9 runs. The American
_—__-d
League averages 677.4 runs with a standard deviation of 51,7 runs.

s S

s et .
thhe idea . z-scoresjlw_ﬂlow 115 to compare each, team, not directly with each other, but with

14
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_DefinitionThe z-score represents the dlstance that a data value is from the mean in terms of the
O number of Standard deviations. We find it by subtracting the mean from the data value and
Ehwamg this result by the standard deviation. There is both a population z-score and a sample

Z-5C0re. . .
- ) T

xX—u - ‘ &x%f ‘ | .
or Z — -
a S

* = e

“The z-score has np units (like feet or seconds) They have a mean of 0 and a standard deviation
of 1. ——— =

e

.

. . - - -

[ TwE w WA E R R oy

se the populatlon information g1ven for cach league to find the z-scores for the Angels
and the Rockies. Com Compare them. ' -

2 195 (S N

o 0D (gledand J@USW -ﬁtg did ?@@\

So, who did better? Explairr ‘ b\eé ‘ |
PR@ s | _ \Jhelr leaq Y "QW- dens bbp’ir

e"' W‘vn //

se a z-score to be negative versus being positive?

s s T

L s Vade less runs \Hhas
e pouase Ot 3 [uRS

(g, X< Ji3.

15
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expl 13:Bob and Maggie ran a marathon. The mean time to complete the marathon for men was _
2 thinutes (with a standard deviation of 57 minutes). The mean time for women was 273 \J
minutes (with a standard deviation of 52 minutes). Bob s z-scoreis —0.51 and Magg1e s

Z-SCOre is —0 62 Who did better? ,_ - "
J\‘)!U/L’%Z\“ £ &j!» :(ny@ét‘—«r‘ £ ’{Jsg VWA
\.:" Lkﬂ’ﬁ > et ..:b-;@ kmﬁ)i*ﬁ \, ﬂ

e DUIS
; Lr€ “’ Coyp
- e mpan “Haw “E:;@U was

F i

£ f'
- SO A
wnder \{/ w&kﬁ WM CL?i% e ‘S;;M_.Q
Lwﬂhe kth percentile, denoted, Py, of a data set is a value such that k

percent of the observations are /ess than or egual to the v value -

== -
B = B——— r;-,;‘_‘

e N e nn

You may have gotten SAT or ACT results back and learned that you scored in. the, ,’;'!’4th
percentzle What does that mean, with resp respect o the other test-takers?

e,

\)/(9 W score |~*’ SPRITRS LWSL ‘“{f 4 S” \ “\ oy i
2 P\’Qf “lf A4 "'“' s Ort lecs \MKQML O

=

o' .."‘f"w

» 1
i | ) o
S allag ¥ 1T VBl % ).\,L i 0

/Perceni;iles break the data up into 100 parts, essentially. We could divide the data up into just
four parts.)This is called quartiles.

Definition: Quartiles divide data sets into fourths, or four equal parts.
i

* The 1% quartile, deneted Ql, divides the bottom 25% of the data from the top 75%
' Therefore, the 1%t quartile is equivalent to ’fhe 25 ercentlle

s w denoted (s, divides the bottom 50% of the data from the top 50% of the

e

data. The 2™ quartile is ‘equivalent to the to the 50th percentlle which is, in fact, the median.

e The3" quartile, denoted Os, divides the bottom 75% of the data from the top 25% of the
ata, The 3" quamle is equwalent to the 75":l percentlle

Here is a nice plcture of how these quartiles break up the data.

Smallest / Median Largest
Data Value Data Value
I |
L 25%of 25% of
the data the data &k
| SO
s Doflow
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\ expl 14:

0.1 1o, 1

These quartiles are part of the calculator output when you perform 1:1-Var Stats in the
STAT > CALC menu. =

&

\

This is a stem-and-leaf plot for 17 states detaﬂir}g the percentage of people who are -aged 65 or
older. In this graphic, the entry 10 |

6

116

6
167789
49

28

4

-
ok b

ind the median (02) and then Q1 and Qs for the following data.




Definition: The interquartile range, IQR, is the range of the middle 50% of the observations )
in a-data set. That is, the IQR is the difference between the third and first quartiles and is found O

using the formula O 0
IQR=05-0

Return to pageyaﬁlcﬁabel this on the graphic.

il;i the interquartile range of the data in the previous example.

A ~ 0@
TOR=Qz— & I
=\,08 - L #7.95 %/

expl 16: Let’s use the results from the last two exaﬁﬁiésﬁ%ﬁﬁﬂer some questions.

= t
@@ha‘c ercent ata has a value that is Tess than or equal to 11.1? Write your answer

in a sentence that explains the full meaning of the dafa, 1_. ) L\ \ 2
. \ — i g

So; 26 7 Y e sldes ue eur Scauple
howite 07 Sewor Dopuluton (65 ond oo
Yot b Lo Waw or equel do W17 .

at percentage of the data has a value that is greater than 12.77 Write your answer'in a-
sentence that explains the full meaning of the data.

.5% 5_@% & Yoo s—éwl«w W @;%F.SW‘OLEQ |
oot o Seanor Populaitim Uhat Lo greaze”
e V27T %, -

@etween which two values do the middle 50% of the data lie? Write your answer in a
tence that explains the full meaning of the data. Q ’

: K%W”"”’ﬂ %L Sha s / M;pf.
- ponditima, e Wi@ ﬁf‘af%
He fotn Auwoa PETWE" o

4 Ul ad 1405H /%%/%MWM O

qre  Sewor &/‘%%3) :
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For the remainder of the semester, when asked to f@e me will

f-'\. describe its shape (symmetric, skewed left, or skewed right), its center (mean or median), and its
spread (standard deviation or interquartile range). Use medians and interquartile ranges if you
have skewed data. ) e

_-—.—_______________.sps
_______‘____________—-

FA( Checking Data for Outliers:

To this point, we have described outliers tobe value that appearway larger or smaller than the

M
other values. However, there is a more
i
e —
/ Step 1 Determine the first and third quartiles of the data.

/ -Step 2 Compute the interquartile range.

;tep 3 Determine the fences. Fénces serve as cutoff points for determining outliers.
/ - Lower Fence = Q1 — 1.5(IQR) N
! Upper Fence = O3 + 1.5(IQR)

\ Step 4 If a data value is less than the lower fence or greater than the upper fence, it is,

VY con51dered an outher
efer back to the data in the example concerning the percentage of states with . ,
populatmns aged 65 or older. A
a.) Rewrite the ﬁrst and third quartiles as well as the interquartile range.
i C - | = »
| = — — Oc
| L’\ LQQ“@B"”@&"?: /=
&= = 14,05
@oﬂow step 3 above to find the lower and upper fences. Follow step 4 above to determine if
the data set has any ouﬂiers-%%@
—
= Y
lower buce = @ - 1.5TaR= |l.| - .5(2.Q5) = 6.5
Npptr Luce = (z +1.5Zgr= 405+ ,5(295) = 2,435
s:f“‘ o i . /’/
n  The outher is /
\ .;fff_fﬁ >

(¢4

AV s 7T ) i
|

/
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Ogive Graphs: '
Ogive (pronounced oh-jive) graphs show off percentﬂes in an interesting way. The vertical axis O

in an ogive is the cumulative relative frequen cy and can also ‘be interpreted as a percentile.
Let’s practice interpreting this one which displays the percentiles of a fictional standardized

test’s scores.

@ Fercentife Ranks of Test Scores .
Cf g’ 100 i —

: L2l .
| /1 -

80— ‘
a0 ff @

‘ y .-o—"/—h e :
. =N Joat Qeore = <

Feresnila

2 .
/ :
E
L L] - “u
; gty 128 1ak 160 T80 200
Test Score
== e T ——
(source: MyStatLab, Fundamentals of Statistics, Sullivan) T
! o

expl 18: Use the above ogive to answer the following questions.
= ot [— emmm L Il
7\‘)

a. )nEstlmate and interpret (complete sentence below) the percentlle rank of ﬂac test score 1

A test score of 170 equates to the é th percentile. That means that ? 5/ % of the .
scGres would be 1éss than or equal to 170.

—

lete the sentence below. T e

(&E@')’hat test score falls at the 30t percentﬂe‘? Do your best to estimate it from the graph
omp

(/]

é 30% of the scores are less than or equal to the (estimated) score of 1 ‘ 5
WM
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The Flve-Number Summary and Boxplots (Section 3.5)

e

We saw qua.rtlles in the previous section. Five-number summaries use those to define a useful
way to explore the data. A boxplot is a graphic that shows these numbers off.

; '\?Ti:%mﬂjhe five-number summary of a set of data consists of the smallest data value (or

um), Q], the medlan 03, and the largest _d ,value (or maxmlmn) Weu();gaiuze the five-
number summary in increasing order.

Minimum O Median 03 Maximum

orksheet: Effect of anm

il

This worksheet will | give us pract1ce in finding means, medians, standard deviations, quartiles,
and five-number summaries. We will see how an outlier affects some of these measures more
than others. Recall, this is the idea of resistance.

six months, the Umted States Federal Reserve Board conducts as ez of credit

randomly selected for the July 2005 survey. Determine the five- number summary of the data.

i —

Institution Rate

Pulaski Bank and Trust
Company _ 6.5% < M/ = ?5 %)
Bank of Louisiana 9.9% ———
Rainier Pacific Savings Bank 12.0% | &—mr @ — 3/4 ™
e - | = 2‘ O%e .

ibank 13.0% M€ d__
United Bank, Inc. 13.3% —_ \3 3 + -
First National Bank of The ‘Mf’d”f Q’M" ( 3,b %;
Mid-Cities . 13.9%.-
Lafayette Ambassador Bank 14.3% ‘ '
Wells Fargo Bank NA 14.4% |£— Kz = |4 Z-f % ;-\)
Firstbank of Colorado 14.4% e S
Bar Harbor Bank and Trust o ™
Company 14.5% | £— Mo = l .5 /o S/
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e

\“*‘f‘nwsrbef'ﬁiﬁmnary, with any outliers clearly marked You will see a scale along the bottom to give

Deﬁnmoaxplot A boxplot (or box-and-whiskers plot) is a graphic that shows the five-

can -
meamng to the nu;n:b_ers pi——
The steps of creating a boxplot are below.
e e
Step 1 Determine the lower and upper fences (where IQR = O3 — O1):
Lower Fence = 01 — 1.5(IQR)
Upper Fence = 03 + 1.5(IQR)
Step 2 Draw a number line long enough to include the maximum and minimum values.
Above the number line, draw vertical lines at Q1, M, and Os. Use these vertical lines to
draw a rectangular box.
Step 3 Temporarily label the lower and upper fences.
Step 4 Draw a line from Q) to the smallest data value that is larger than the lower fence.
Draw a line from Q3 to the largest data value that is smaller than the upper fence.
(Basically, do not draw all the way to outliers. They are dealt with next.) These lines are
called whiskers.
Step 5 Any data values less than the lower fence or greater than the upper fence are -,

~ outliers and are marked with an asterisk (*). Erase the upper and lower fences (from step
!
j:l 3).

expl 20 braw a boxplot for the interest rates data in the last example. Follow the steps below.

“"‘g_ k=20

a.) (Step 1) Determine the lower and upper fences (where IQR = Q3 -
Lower Fence =01 — 1.5(IQR) = 12,0 - |, 5 (2, LD g ue, -
Upper Fence = 0 + 1L5IQR) = |41 + |.5(2.) = l&%

=T
[
\

e —

=

, 00

b.) (Step 2) Draw a number line long enough to include the maximum and minimum values,

A | (C leaving enough space ‘above it to draw the plot. Above the number line, draw vertical lines at Ql,
é’ s M, and Q3. Use these vertical lines to draw a rectangular box. M @
Survey 9 q {«L B . %15
A
! ) 5 " — )
. ettt
— Lo N
dit (ard Kales (Ferceuts)



expl 20: (continued) (Step 3) Temporarily label the lower and upper fences.

-

Q (Step 4) Draw a line from Q1 to the smallest data value that is larger than the lower fence. Draw
a line from (3 to the largest data value that is smaller than the upper fence. (Basically, do not
draw all the way to outliers. They are dealt with next.) These lines are called whiskers.

(Step 5) 'Any data values less than the lower fence or greater than the upper fence are outliers and
are marked with an asterisk (*). You can now erase the upper and lower fences.

You should also label the horizontal axis and title your

@Do you think this distribution is symmetrie/
\
B 19 Ser whisler Lo
ere we see the boxplot as
generated by StatCrunch for the interest rate

data.

Let’s suppose another sample was taken of
ten banks and whose interest rates are
summatized in the second boxplot, The. (.
Thedians are marked with a red, vertical line.

Q Let’s explore the comparisons we can make.
Notice the scales are roughly lined up.
ow would you compare the spread of  Interest Rate i
e two data sets as measured by the ’ - e
“interquartile range? M

203 Graph has More o ssmpte o ntres€ntes
__Spread ( widto ¢ bex) | 7

: ow would you compare the centers of
(RE two data sets?
R
Ind Ser hias J_Q.QM
median |
@ow would you compare the overall
Al

ges (maximum minus minimum values)
of the two data sets?

Qbout e Qame

: : : o
Q waallz which data set would you say has higher interest rates?

RS
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Distributions and the Boxplot:

A boxplot shows the distribution of a data set nicely. You can see similarities between a data

set’s histogram and its boxplot. Consider the pictures below.

Here, we see distribution.

The boxplot is nice and centered.

The median is centered in the box.

— .

g

The whiskers are of equal lengths,

Smep———

Here, we see a distribution that is

skewed right.

--""M
Notice how the median is off-center, just
left of the box’s center.

The right whisker mimics the tail we see
on the histogram. It is longer than the

left whisker.

24 -
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' 140
Q Here, we sce the opposite of the last 1204

picture. We see a distribution that is B 100
skewed left. 3 80
puinmE— 5 60—
Notice how the median is off-center, just H :g_ i

right of the box’s center.

The left whisker mimics the tail we see
on the histogram. It is longer than the
right whisker.

| 1 I ! ) I

| by
1 1 T 1 i 3 LI

{¢) Skewed left

aking a Boxplot with Technology:
In Stat Crunch in MyStatLab (left-hand menu in MSL), follow these steps.

1. Enter the raw data if needed. Name the column variable.

2. Select Graph and highlight Boxplot.

3. Click on the variable whose boxplot you want to draw under “Select Column(s)”. Check the
boxes “Use fences to identify outliers” and “Draw boxes horizontally”. Enter a label for the
x-axis. (You’ll have to scroll down.) Enter a title and click Compute!

T

aking boxplots with other technology such as your calculator is described in the book.

O
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