Chapter 3: Describing, Exploring, and Comparing Data 14 ,;R!Q ]c,)u’

Section 3.1: Measures of Center e
0 oy " 1l w
Measure of Center } a value at the center or middle of a data §gL/
W

The three most widely-used measures of center are the mean, median, and mode.

P —————————
- Thq (arithmetic) mean)\of a data s(Lis_ cxj\nputed by &0 Sxmh, all of the values of the
) variable in the data set and " by the number of observations. %]
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Ex: Of the 42 students enrolled in an In ry Statistics course, the data below Stwdeat Score

are the first 10 exam scores. Treat thd0 students as a v_wQL— of Michelle - | 82
the population, which means youuse ¥ to find the mean.

Ryanne - |77

Bilal - 190

7K W Pam Biki

“ . . Jennifer - |62

Dave - | 68

= (12473+---198) /0 = )9 s

al ¢ Justine - | 94

) ‘ Juan |88

§ ﬁ"“h’@ h=10
—E—

—] d median)of a data set is the value that lies inthe mid dlo of the data when arranged in ascending

ﬂ‘m Ve usmo represent the median. DT
DD number of data . VENnumber of data 1
\"p ascending 71) \")) o scovdA-a

: Arrange the data in 1"t Arrange the data in
order v order
2"": The median will be them znd: The median will be the
A WeaAn of the. middle numbers
Ex: 1.1; 14,@19,28 c\\r(buij EqJ(jf—ﬂ(Jg Ex@lB 20,2 ,31@& "&\[
Pl

/
s Gl Mo umnet s
=3
q - A — -
— 'lﬁq:mlrdrang;élof a data set is the value midway between the minimum and maximum values.

min value val ; M432 T o
.n alu -;max alue H\dfﬂncf,-"— ___:;,—-__EL‘S

Midrange =

Ex: Use the data from the Introductory Statistics example from above to find the median and midrange.

U (h[“'lﬂ'b“(' s Entr dota: (ﬂ"ﬂT—?tJ«-}) - pmedin: M= 77+K‘L-

_ LLI 'q cgg
Sock: " Soct: (AT SORTA{ L)) "65 7 74Qy 3D ™ q..

h=10 &tA *midlle o = [')/‘L*
= Vi qes

Round-Off Rule: Carry one more decimal place than is present in the onginal set of values ’
0 Midro I
IWCTAT RULE &F RONDING- i

Ex: Datn ulfule,:&sj mﬂuﬁ 1A 15 hoone decnw\ p\f\iﬁ ? 1
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'I'h:i mode’of a variable is the most frequent observation of the variable that occurs in
*If no observation occurs more than once, we say that the data have

no mode

(pd#;ﬁ;k.ﬂ'Uﬁ?)

*If the data set has more than one observation that repeat the same number of time, then it is considered

Ex: Find the mode for cach example below.

[?Ua!-:‘)’“'i‘\’ﬁ,

a) The following data represent the

b) The data of the test scores from
above:

¢) Hair color of ten people in line:

number of O-ring failures on the
shuttle Columbia for its 17 flights
prior to its fatal flight:

0,0,0,0,0,0,0,0,0,0,0,1,1,1,1,2,3
MQ\M =0

Brown, Blonde, Red, Brown,
Brown, Blonde, Brown, Blonde,
Blonde, Red

Brawn : 4
Blinde: 4

82,77,90,71.62, 68,74, 84, 94,88

b {Mean from a Frequency Dlstributionj

Formula: M ie'
Ex: The following table gives the weights of a sample of 100 babies born at a local hospital. i C‘l:L\:ﬁ- a
Weigh (in Ibs) Freq (f) class midpt (x) J x
34.9 5 20 - 395 = 1;. & = 19ag
569 32 £ 95 1904
7-8.9 40 295 316
9109 | 18 5.95 791
11-12.9 5 "es 9.9
n=2f= |00 Z(f-x)="72%

|
i
He
"

‘ re ﬂ
Findu@ {3\ d{ E w
X

\: 3! U;GJB\
— ('Resistance Statistig . lM‘UA‘“ e .

A numerical summary of data is said to be M5 S'kr\f if extreme values (very large or
small) relative to the data do not affect its value substantially. -

: X n.
Ex: The following are wait times (in minutes) at a dentist office: 1, 1,@3, 5. () Find the mean and r’rlggljar%.

)(--'7:*_ @ M= ?_'H_@

b) Note the value of 102 minutes added to this data. Find the mean and median. Which measure is resistant to
the added value?

1,1,2,2)3,5,102

M=
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When data are skewed, there are extreme values in the tail, which tend to pull the ATy in the
direction of the tail.
SKEWED LEFT SYM":"E;R'C SKEWED RIGHT

=i d‘ﬂ”ﬂh

rLan < rtslsen sy = el wedién > mgA
General rule: If the data are symmetric use the M ER N as the best measure of center.

If the data are skewed use the MEDIAN as the best measure of center.

Ex: FICO scores range in value from 300 to 850, with a hi indicating a more creditworthy individual.
The distribution of FICO scores is\skewed leftwith 4 median score of 723

(a) Do you think the mean FICO score is greater than, less than, or equal to 723? Justify your response.

mean < 123 }.iu_w“ s lcss-\-\u«\”Tl]J

(b) What proportion of individuals have a FICO score abovs 'LEEP
sida

\T—‘_ﬂ "\ ' &\O-V‘ = bant
Lom vt slace D¥FY 3wy L Peaa

e X

L{z‘xf"ﬁoﬁ abote 13 1S g or 0.5

Ex: Match the histograms shown to the appropriate summary statistics by writing the appropriate number under

2 each histogram.
Mean | Median _ — -y
1 42 412 PP EEM e
2 | 31 36 1o x<m— sheved LERT
3 31 26 1> w>m = Sskesd RICHT
4 31 32 |- ‘g:m.—sS\]pM C
15 S o1 10 1 9 =
p ;- z 714 P z [y
glu- ‘ § :"_/ \ & \ §m
@7 - ) g 14 D ©F 57 1 g
S B B : 18
0 0 0 0

Ya\

Tl
® @ o

- R T ¢ $ T
§ 15 25l 45 5% =10 10 W 50 70 9% -7.5 75 225 375 525 61.8
A

e e Lo
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z 3.2 Measures of \’ariation{

iy | | Importance of Variation

—

* manufacturers and measures how much ibuprofen each pill actually contains.
-

—Def —Thefranggofa

Ex: @m@produce the same headache relief medication with the active ingredient ibuprofen.
Each pill should contain 200 mg of ibuprofen. A health agency obtains a sample of ten tablets from both

- X
.00

e - e ,‘-f]/p"‘
Adwl 199.25 198.50 200.10 200.75 201.00 198.00 200.10 199.00 201.10 202.20 o

ey = a
Mou‘inIB 205.00 195.80 19520 203.20 205.80 19440 204.60 194.60 20720 1521.20 t?’&;”x

Number of milligrams measured

Each sample has a mean value of Z@However based on the given sample values, which company would
you prefer to buy from?

ALY Becante all therabes ot wich st 4o 200 mg (1 = =2y o)
pmeeosS AdmnIb hqsg W\‘JQ\\ bf_«f \F’?"“}.’W\ (+?’7“3w,’/)

Ex: The following are temperatures (in degrees) on four consécutive days in Mongolia in January -3,-1,2,6

. — ZY - :i - ‘ x
(a) Find the mean. y = “""' y - - —b— } F—a—
@ 3 -2 -1 01 2 3 4 5
(b) How far away is each number from the mean? \—_\/—;’/ \'\/ 5 d c{ Heese
v 4~ st mipflebt gddhocd
4 4 Y- +I1+5 = O
Measures of variation \ ) ot w 729 i (
data set is the difference between the maximum and minimum data values,. ™ ——"\>—~—

|range = maximum value — minimum va@
“Standard Deviation of a Sample ,{M} S ~ Sq-w?\ﬁ S-},-,.aQarJ c9.sw o — P¢p’lﬂfkm"‘ S‘f‘- QLW .

standard deviation (denoted by s) of a set of sample values is a measure of variation
of values about the mean. It is a type of average deviation of values from the mean.

2 2
“Shortcut:“ § = J n(Zx ) ” (Ex)
n(n-1) /

Formula:

Note: Each form can be tricy, but the alternative form tends to be easier.

Ti'tandard Deviation of a Population )

Def The{standard deviati » (denoted b@ of a complete set of values is a measure of variation
of values about the mean. It is a type of average deviation of values from the mean.

Formula:
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@ It'srare to compute}pu&tt’on standard dey

sample standard deviation unless otherwise noted,

- i
el @;@ A
Def Thd variance [denoted by@ or of a set of

equal to the square of the standard deviation,

tation. Therefore, when using technofogy, be sure to use the

——

values is a measure of variation

Ex: Find the range, standard deviation, and variance

' for the following sampla of the number of chips in nine
randomly sampled fun-sized bags of Doritos.

MC\_% 25 31 28 19 24 3% 39 32E .’f:-i—ﬁi:'?’%i:lé
X X—X (x_i-)z‘ : : “{)M J-U\’
) I TR B (Jﬂ N
LI O I e S ) I S T = 2 o
- I A e S ne
@ e i =t 7'_15:—1( = :L _Lg:‘_)‘:__.;_k__[_ s S = |(,U! - m
L [ g O 3 h
T P S ) gpefetle 0y
2 PR s3] B g | (HE WS
31 o S-S L Ol
82 | ek = (&)= 36
Tx=23Y 2(x-x)"= |(Y
X ks
19 %L
20 | 4o
g e T e T
e
g L Pl
L i‘
| bl
T | je2y
Sz 43 & @ Zx=2M | Zx*=6248

Question: If you bought a bag of chips everyday, would you prefer to have a small or large standard deviation
between bags?

SM"‘”,\ jo Iﬁz‘a °'(‘('J""‘Pf (O Cok\*ﬁv\{"
pre size o€ hops ey comistert! y
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— [ Sandord Deviation from a Frequency Distributio
['standord Deviati
\ s=\/ n[2(s5)]-[2(/0)]

n(n-1)
Recall: The following table gives the weights of a sample of 100 babies born at a local hospital.

Formula:

Ex:

Weizht (in 1bs) Freq(f) class midpi (x) fox foxt
I NS 9.75 ¢ @45)= 7.0 S
=R - §s %0 4 -;?—\'(5-19')'v= 1132
B R S S M SO W S U RE

109 e 15 | D 18:(345)= 12,0045
11-12.9 5 I-as” s4.7% o (nas)= NY.ap5
n=Xf=1o) Z(fx)=2F |Z(x")=(235. |

Find the sampl a.ndkariance.]—%‘ Sﬁl:( [~.557 ])‘Lz ’5.5‘?“” — "@

%
shdw g <|joo[ 6235.05] = [ 7671 _ gJ3.5571 o |,2860 g= | B
i Lo e Lk L e
R
L srabs 15
. - AU
— | “Range Rule of Thumb | Voriand.: %5t
Data are E@@ if the Data ardnot significandif the value | Data areéigniﬁcanﬂy H]Gli}if the
value is u — 20 or lower. is between p — 20 and y + 2. value is ¢ + 20 or higher.
Ex: The data below are free download wifi spgds (in Mbps) from ten of the busiest inter?%ional airports.
AIRPORT CODE WIFI SPEED(X )| _AIRPORT CODE WIFISPEED (X)) 5 x = 4273
A\ DEN 782 (1524 YYC a8 (7974
N\ A YVR 55.1 %lbd] BOS 32.2 (o363 i e 205595.3F
A PHL 48.4 Z34L.5% DFW 320 Jo2Y
L SFO 453 209209 MEX 277 2424
SEA 43.7 |9q-A DTW 229 4.9/

https://www.speedtest.net/insights/blo g/fastest-airports-north-america-2017/

If an international airport began to provide new{ 60.8 Mbps)free wifi, and claimed that their S{)eed is “miles

above” many others, would you agree with their claim? C\ ] ;_c_ S;)"\; 'ﬁ(m“b} lﬂ)ﬂ\t

A QULPYY I #0.8 > X+

- e St D e

lo

. g :\) 2(!’.=2)‘ &
n—-\

Ya.73

|0 (‘10595.’37‘)t ,(Q??‘Sj = | 5q3 =5
10 »
ol L1 7] A
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Empirical Rule

Empirical Rule says that a SH“WC
6 e % of the data

tandard deviation of the mean.

o Approximately q 5 % of the data
will lie within(®standard deviation of the mean.

o Approximately TH ¥ % of the data
will lie within@standard deviation of the mean.

o Approximately
will lie within

N\

qs‘oﬂ

(or normal ) (o¢ l"’-“‘w )

distribution has...

99.7% of the data are within

/

rd deviations of the mean
95% within
2 standard deviations
€8% within
1 standard
deviation

—f

4 |e

N

pto u+la u+3a

u-o "

Ex: The following data represent the ages of all of the forty-two female patients of a family doctor. We are told

that the data has a bell-shaped distribution and that the population mean/, is 57.2 year§ and the population
standard deviation, o, is 12.3 years. _
/(A - S 7 P ke

=3
+36

4 48 43 38 35 37 4
6 715 71 58 8 39 8

67 6 6 10 6 72 T4

6 60 60 61 62 63 &4 _ a0

s 54 55 56 56 56 57 %
45 47 47 48 48 50 32

23 1.0 w9 522 615 8l gy
B

+a +20 ﬁ-k-—-

(a) Determine the !percentage)of all patients whose age is within 3 standard deviations of the mean.

popoitly 193 VAT

(b) Between what two values will this percentage lie?

prpiveah P

\gg;]weah 20.D 9er$ | q‘f"qew»

N

*—-—hx:'nding summary statistics for a data set

i.

Use Graphing Calculator (T1-84 Plus)

STAT= 1: Edit... = Enter data into a list

Instructions: (a)
(b)  STAT= CALC =>1: 1-Var Stats =List: (Choose list) = Calculate
'-——-—-—-——-——-—-n—————"—".— r

>

J
RE:

(vl

e

A

o

31’90

/7
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Mh}\ 3.3 Measures of Relative Standing and Boxplots

—

——)I z Scores f
Def A zscore 's the number of standard deviations that a given value x_is above or below the mean.

X =X ,
Formula: Sample : Population:
s

se: Round-Off Rule:\ Round z scores to two decimal places.

The z score is a standardized value that describes a data value’s relative standing.
g B e

. Afegative z score forresponds to a data value

2. Unusual data\values are more than two standard deviations from the mean.
[ 3‘ L ITom FIe e

» Ordinary values: -2 £ zscore < 2
» Unusual data values: z< =2 or z>2
e DI TR T iy
3. The z score allows us to compare data values drawn from different samples or PWP"R
% o s e
populations. » N a -Scott \
Ex: Two college roommates are taking different physics courses at a university. They agree to

a wager regarding their midterm scores, whereby the loser must do the dishes for a month.
After scoring a sists that Michael/Jost since he earned a/70/on his exam. However,
Michael argues that he performed better relative to the rest of his class than did Jacob.
Use the given class results to determine who won the bet? 5 g 2 SR o @ (¢

F . ST
Jacob’sclass: | Xx=78,5=6 Michael’s class: ¥=55,5=12 -

ob's clas 226 LAt

3w Rt o TS TS
S g

- I n :'62;75 T 0,67

s
[Macheel scored L] ble Wdnels 250 wos 22125 e S o TS
— _ 2" 3 ) Sadd> -
Def Eff_nn]es (denoted ﬂﬁare measures of location in relation to all the other data values. of 7206}

Notation

Symbol ‘,'chmscnb" : =
v e IR Y

P k" percentile P =K (n\q,u»l)

| B
—> | Finding a Percentile Associated to a Given Score '5

L
# of scores @ given sc‘ore7

Formula: percentile of score =
total number of scores

App—

gy Beq0'h

L | locator that gives the rank of a value o0

| L ¢
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Alge: oL
— R
3 Wssomted to a Given Pem ){w\’ .
Il
Formula: ;(\'kor:
o )
Aote: If L is a decimal] then always round up to find the score with that specific rank, 03 ol

If L is a whole number, then average the k! score and th

e next fiigher score. (3-8 poe
4}
gx:  The following data set represents F:

- ¢ selling price (in thousands) oi.randomly selected homes.

o 135 138 145 149\(}-5.2. 155 158 159 . 163 m
170 170 172 173 _176 _*177'”7_@ 180 185 191
199 205 (210) 212 215 229 (233) 250 325 450 500 @
29 WA spot wh
(a) \Fmd theorresponding to a selling price of $188,000.
Flos s 196
o = ..?'_’.3...'\. TR ® m
s = B2 T s 01 BT - [ e
(b) Find the{home price\corresponding to the_SjﬂR\é_}ggg;i_le.

—d

L= 0= %-(3%\ = 30323 5 —3Ha%000 16 B pace of howe
)

Yo

: 118 <
—>| Quartiles l ot 5" peranmtile.

Def E artiles [denote @ 0,, and Q,) are measures of location which divide a data set into four groups
with about 25% 25% of the values in each group.

Note: Q, stQz = the meaﬁaa and'lQ Fre a~ \\\\
AR
—=_-> = Pros = uu\gc\m\\ b

Def A boxplot sa graph of a data set that consists of a line extending from the minimum value to the
maximum value, and a box with lines drawn at the first quartile, the median, and the third guartile.

Note: A ]Eve—numﬁer mmmag@fers to the five values used to draw the boxplot. Box OT / 5 #S"“ﬂ%

Ex: Find the five-number summary for the previous data regarding home prices. "+
Q3
(a) Find the minimum and maximum values i set. ok sealetl
Mmin = '11$,000 ,[mu = 525000
(b) Find Q, (the median). 4‘-
Q =M= W4T = r)bS' — (G (726,500
2 ~
(c) Find Ql (d) Find O, = B +
§ pot-
+h _ & X {up)= 3502000
Q!:ﬁlf fﬂ() %8‘) ﬁ 5 —'-3“) Sfd‘}‘ &Zb P7Y oo( )

Q157000 o)
(e) List the[five-number summary
. liao ; 5
LSDE co0 ‘1(,‘5(300 'ﬁ!’r’é Ce0 A0 000 "S1Gp8 0 /
/ ) J ) ) ] } 6]

L . A
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gy Constructd boxplot for the previous data set regarding home prices.

Graphing 2 boxplot:
(a) Place the five number summary for a data set on a number line, and draw a straight line connecting them.
(b) Draw vertical lines at each of the five number summary values.

(c) Draw a rectangle connecting 0, to Oy

im‘m—km{‘ © Jraw an o Cweele S‘Oa‘a ( Luh'hml«-«f_ ul!)

.. \\ii,\l st Yntn drw bog-plot.
l?é‘l‘
.10 ©
?E’,ZS- f< &’V
RS
e ,‘,‘Q\L % N*\(\
N\'ﬂ\t \Q) O ¥
T 4
100k 200k 300k 2008 Sook

Ex: Below, boxplots are shown for the length of a typical vacation for California residents who work for the government
e e
in some capacity and for those who work for a private company.

o, H ]

e [ [H

(e i TR s i W
Length of Typical Vacation (in days)

Based on these graphs, would you prefer a government job or corporate job based solely on the length of their vacations?

ere i e right answer, but please consider center, spread, and any other relevant statistics or values from the
boxplots shown to support your data.
fro édl&m+ Pro “Coaffamﬁ
e
——__-_______-——_—-"

X largr S'Pl’ﬁoo{ So C;,-\ et ineS hr X {u;ff’é‘@lio F"C#ymnrﬂ}(fﬂlm’(q? [f/)’)l‘t
That Vaca-,(oaw,s) bt SIS i abot 60/""7! (Lc#f ’t”()’c’"‘. )
hove [4rs vALH (n "/"“)’).) K af least 2 days c‘F‘FﬁU“\Pe'\‘kQDp
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