Measures of Variation G. Battaly January 29, 2018

3.2 Measures of Variation

GOALS:
|. Understand and measure variation in data sets
1. Range
2. Variance
3. Standard Deviation

ll. Understand differences in computation
for sample and population variations

Study Ch. 3.2 # 59 - 69 (work out),
73, ~77, 81 (calculator)

Class Notes: Prof. G. Battaly, Westchester Community College, NY

3.2 Measures of Variation
Given the following:
DATA | DATA DATA_li DATA_IV
1 a 1 9 o ] 2 4
a] 2 9 1 o ] 4 4
1 9 1 9 5 b 4 10
o b 9 1 g b 4 4
2 9 1 9 a] ] 4 10
Compute:

a) mean of each set

b) How are the sets different?

¢) Which has least variation?

d) range for each

e) Standard dev, using Defining Formula

f) Which better distinguishes the spread of the data, Range or Stand dev?

Class Notes: Prof. G. Battaly, Westchester Community College, NY
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Measures of Variation G. Battaly January 29, 2018

3.2 Measures of Variation
Given the following:
DATA | DATA I DATA DATA IV
1 3 1 g 5 5 2 4
g 2 g 1 E g 4 4
1 9 1 g 5 5 4 10
8 b g 1 5 5 4 4
2 g 1 g 5 5 4 10
Compute: a) mean of each set X = SX
n
Class Notes: Prof. G. Battaly, Westchester Community College, NY
tatistics Home Page Class Notes omework
'.st tistics Home Pag a 1 uf"
3.2 Measures of Variation
Given the following:
DATA | DATA DATA I DATA IV
1 g 1 g 5 5 2 4
5 2 g 1 5 5 4 4
1 9 1 g 5 5 4 10
8 b g 1 5 5 4 4
2 9 1 9 5 5 4 10
Compute: a) mean df each set X = —X
n
2 i SO T =D
= L 2= ; =S U
/0 3.0 P /0 S. 0 S-D i X e

All 4 sets have the same mean = 5.0

Class Notes: Prof. G. Battaly, Westchester Community College, NY

Statistics Home Page . Class Notes R Homework
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3.2 Measures of Variation
Given the following:

DATA, | DATA, Il DATA I DATA IV
1 8 1 9 b b 2 4
] 2 9 1 b b 4 4
1 9 1 9 b b 4 10
g b 9 1 ] b 4 4
2 9 1 9 b 5 4 10
Compute: a) mean of each set X 22X
n

._52-" $=D- - =
/0 -S.D "/"6'_50 go X g—o

All 4 sets have the same mean = 5.0

b) How are the sets different?

Class Notes: Prof. G. Battaly, Westchester Community College, NY

Statistics Home Page lelass Notes ~ Homework
3.2 Measures of Variation
Given the following:
DATA | DATA |l DATA Il DATA IV
1 8 1 g9 5 5 2 4
5 2 9 1 5 5 4 4
1 9 1 9 5 5 4 10
8 5 9 1 5 5 4 4
2 9 1 9 5 5 4 10
Compute: a) mean of each set X = _Ix
n
2. - A -5
Bo5D 220 S0 X =S80

All 4 sets have the same mean = 5.0

b) How are the sets different?

| has repeats of 5 numbers: 1,2,5,8,9 L
Variation

Il has repeats of 2 numbers: 1,9
[Il has repeats of 1 number: 5

IV has repeats of 3 numbers: 2,4,10

Class Notes: Prof. G. Battaly, Westchester Community College, NY

Statistics Home Page Class Notes Homework
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3.2 Measures of Variation

Given the following:

DATA | DATA, Il DATA I DATA IV
1 g 1 | 5 5 2 4
] 2 g 1 ] ] 4 4
1 9 1 g 5 5 4 10
g 5 9 1 5 5 4 4
2 g 1 g 5 5 4 10

c) Which has least variation?

d) range for each

RANGE = Max - Min
> Describes bounds
> Fasiest measure of variation

Class Notes: Prof. G. Battaly, Westchester Community College, NY

Statistics Home Page _ Class Notes  Homework

3 3 a

3.2  Measures of Variation

Given the following:

DATA | DATA I DATA Il DATA IV
1 g 1 9 b 5 2 4
5 2 9 1 g 5 4 4
1 9 1 g 5 5 4 10
8 ] 9 1 5 5 4 4
2 9 1 g 5 5 4 10

¢) Which has least variation?  T]T"

d) range for each

RANGE = Max - Min
> Describes bounds
> Easiest measure of variation

range 9-1=8  9-1=8 5-5=0 10-2=8

Class Notes: Prof. G. Battaly, Westchester Community College, NY

_ Class Notes  Homework
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3.2 Measures of Variation
Given the following:

DATA | DATA I DATA Il DATA IV
1 ] 1 9 ] 5 i 4
5 2 9 1 ] 5 4 4
1 9 1 g ] 5 4 10
8 ] g 1 ] 5 4 4
2 g 1 g ] 5 4 10

¢) Which has least variation? d) range for each

range 9-1=8  9-1=8 5-5=0 10-2=8

RANGE = Max - Min
> Describes bounds
> Easiest measure of variation

>Need more info to distinguish
variation within the bounds

r

|
2 oy s 3

Statistics Home Page
L]

1
9 70

Class Notes: Prof. G. Battaly, Westchester Community College, NY

Class Notes
-

Homework
[

3.2 Measures of Variation

Given the following:

DATA | \ DATA |l DATA Il DATA IV
= c— 1 B 1 9 5 5 2 4
AT b 2 9 1 b b 4 4
1 9 1 9 b b 4 10
B 5 9 1 5 5 4 4
2 9 1 9 b b 4 10
How far away from the mean is each data item?
| | | | | | | | | | | |
I I I I | I I I I I I I
roa y $ | R I /0
Class Notes: Prof. G. Battaly, Westchester Community College, NY
Statistics Home Page " Class Notes Homework
®
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3.2 Measures of Variation

Given the following:

How far away from the mean is each data item?

DATA | DATA I DATA Il DATA IV
= 1 g 1 9 5 5 2 4
NTS 5 2 9 1 5 5 4 4
1 9 1 9 5 5 4 10
8 ] 9 1 5 5 4 4
L 2 9 1 9 5 5 4 10

PY Py L} L ]
Y [} L 4 L] e
| | | | | | | | | | | |
I I I I | I I | | I I I
roa Yy $ | RI 70
Class Notes: Prof. G. Battaly, Westchester Community College, NY
Statistics Home Page I‘;Class Notes Homework
% ] 7 ]

N
M
<

3.2 Measures of Variation

Given the following:

pata | f[ oatan | ) pata DATA IV
O 1 9 5 S IE 4
RTS 5 9 1 5 5 4 4

1 1 9 5 5 4 10
8 9 1 5 5 4 4
2 1 o)) 5 5 4 10

How far away from the mean is each data item?

—
ra

Ea

| |
| |
R 9 /0

Class Notes: Prof. G. Battaly, Westchester Community College, NY
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3.2 Measures of Variation

Given the following:

DATA | paTA I | ) DATA Il DATA IV =59
~L =1 1 5 5 2 2 ‘
N 9 5 5 4 4 el

1 1 5 5 4 10
8 9 5 5 4 4
2 1 5 5 410

How far away from the mean is each data item?

Py [
. '
a ®
) [ ]
[ 4 [ J
| | | | | | | | | | | |
| | | | | | | | | | | |
rooa y 5 | I 70
Class Notes: Prof. G. Battaly, Westchester Community College, NY
tatistics Home Page Class Notes omeworl
.‘!‘S tistics H Pag ..‘:‘ 1 GH K
3.2 Measures of Variation
Given the following:
DATA | DATA I ( DATA Il N DATA IV = 5- 9]
Nz | o 1 b b 2 4 '
ATS ¢ 2 9 5 5 4 4 74
1 9 1 5 5 4 10
B 5 g 5 5 4 4
2 g 1 5 5 J 4 10

How far away from the mean is each data item?

] ] ] ] | ] ] ] ] ] ] ]
I 1 1 1 ] 1 1 1 1 1 1 1
r
L ‘-/ S 6 % ﬂ /0
Class Notes: Prof. G. Battaly, Westchester Community College, NY
Statistics Home Page ] Class Notes _ Homework
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3.2 Measures of Variation

Given the following:

DATA. | oatat fI oatam | Yoara v =59
e Wl : 1 : : 2 4 ‘
S 2 9 5 5 4 4 el
1 g 1 5 5 410
: 5 g : ; 4 4
2 g : 5 5 4 10

How far away from the mean is each data item?

-‘..‘.....‘

rm v 1T 1T 1T 1T 1
rooa y s | R 9 /0

Class Notes: Prof. G. Battaly, Westchester Community College, NY

Statistics Home Page . Class Notes _ Homework

-] s C]

3.2 Measures of Variation
Given the following:
- N ¥ - —
DATA | DATA |l DATA I DATA IV - 5 O
vl S—- 1 a 1 g ] . 2 4 *
A 5 2 9 1 5 4 4 a«./L(
1 g 1 g 5 4 10
a g g 1 5 4 |
2 g 1 g ] & 4 10 J
How far away from the mean is each data item?
| | | | i | | | | | | |
) ) ) ) T ) ) ) ) ) ) )
roa ¥y s | RV 9 /0o
Class Notes: Prof. G. Battaly, Westchester Community College, NY
Statistics Home Page - Class Notes Homework
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3.2 Measures of Variation
Given the following:
DATA | DATA I DATA NI ( DATA IV W X ‘_‘.S_ O
Y= o— 1 8 1 g E 2 4 '
AN=S ¢ 2 9 1 5 4 4 ol
1 9 1 g 5 4 10
8 5 g 1 5 4 4
2 g 1 g 5 4 10
How far away from the mean is each data item?
o
o
Q
'y
)
® [ 4
¢ ® ®
| | | | | | | | | | | |
1 1 1 1 ! 1 1 1 1 1 1 1
r oL '-7/ s 6 '% ‘7 /o0
Class Notes: Prof. G. Battaly, Westchester Community College, NY
.‘!‘Statistics Home Page ..{‘Class Notes _Flomcwork
3.2 Measures of Variation
Given the following:
DATA | DATA DATA N DATA IV —
1 8 1 g 5 5 2 4 X -
R e 5.0
- 1 g 1 g 5 5 4 10
g 5 9 1 5 5 4 4 M
2 g 1 g 5 5 4 10
range 9-1=8 9-1=8 5-5=0 10-2=8
? More variation than is
. obvious from Range.
o
o » How can we measure
the variation?
[ o
'y Q [ ] [ 4
P ° ° ]
a [ ® ®
0p o » de ® ve o
) o¢ ® [ L4 [ ] ag ®
| | | | 1 | | | | | | |
1 1 1 1 1 1 1 1 1 1 1 1
roa y 5 | R 9 /0

Class Notes: Prof. G. Battaly, Westchester Community College, NY
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3.2 Measures of Variation
Given the following:

DATA | DATA. i DATA Il DATA IV =50
oo 5 1 g : : 2 1 :
5 2 9 1 5 5 4 4 ol
1 g 1 g 5 5 410
8 5 g 1 5 5 4 4
2 g 1 g 5 5 410

How far away from the mean is each data item?

-4 +4 —

- =t ° ©
E‘
- » @

2 Yy $ b 'i'l?/o

If we add the differences, we get 2x = 0.
+4 +(-4) +4 +(-4) +3 +(-3) +3 +(-3) =0

Class Notes: Prof. G. Battaly, Westchester Community College, NY

Statistics Home Page r Class Notes Homework
& -

3.2  Measures of Variation

Want a measure that describes the distance away from
the mean of each data item.

Data] X=50 Looking for mathematical

— measure: Average distance away
xi — X (xj —X)? from the mean.

>Data set with small distances
from the mean has little variation.
>Data set with larger distances
from the mean has large variation.

2

Start with x- X

Since X is designed to be the
fulcrum of distribution, if we
add distance from X we get 0.

Therefore, square the differences

[ e I s O LY T TR s s WY | QY

Class Notes: Prof. G. Battaly, Westchester Community College, NY

Statistics Home Page __Class Notes _ Homework
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3.2 Measures of Variation

Want a measure that describes the distance away from
the mean of each data item.

Datal X=50 Looking for mathematical
v — % ((xi —%)2 measure: Average distance away
: C~ from the mean.

=

N 7' / é >Data set with small distances
0 o) from the mean has little variation.
= ‘/ A >Data set with larger distances

from the mean has large variation.
Start with x- X

Since X is designed to be the

[ T T T e Y TR s T QO A, o TR
W
~9V-o.9-0

o / fulerum of distribution, if we
O (2 add distance from X we get 0.
/. .
v —FDT Therefore, square the differences
O Average squared difference
-4 +4 — oo
N 1™
T L I @
r Find square root to return
2 4% 6 L AR to order of magnitude of
-14 + 14 =0 the original data.\Sr/()v
3k
Class Notes: Prof. G. Battaly, Westchester Community College, NY
Statistics Home Page __Class Notes Homework
‘; tatisti Jed ‘; ‘;

3.2  Measures of Variation

Want a measure that describes the distance away from
the mean of each data item.

Want: Average distance away from

Datal X=5"0 the mean of all data.

X | —x| i -0 So find average squared distance,
; then find the square root.

1

8 s(x-X )2 | 2(xX-p)?
2 n - n

a

2

g

5

g

Statistic— 7 Parameter
VARIABLES |Sample | Population Why n-17

— results in better estimate of

Mean X /{/(. the population o

StandaFd Dev. S O ) (see student heights xls)
¥
statistics parameters
Class Notes: Prof. G. Battaly, Westchester Community College, NY
. Class Notes Homework Y z
Statistics Home Page E —_ M—
C) s o X

© G. Battaly 2018
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3.2  Measures of Variation

Want a measure that describes the distance away from
the mean of each data item.
But, also want an average distance away from the
mean - more meaningful

Defining Formulalfor the Sample Standard Deviation

2’(3@ —E)Z
n—1

Class Notes: Prof. G. Battaly, Westchester Community College, NY

Statistics Home Page F Class Notes Homework
‘{ li B
LS

3.2  Measures of Variation

#50. Given the following: >; <
DATA | DATA I DATA Il DATA IV
1 g 1 9 ] 4] 2 4
5 2 E, 1 ] ] 4 4
1 9 1 9 ] 5 4 10
g 4] 9 1 ] 4] 4 4
2 9 1 3 5 5 4 10

e) Standard dev, using Defining Formula
f) Which better distinguishes the spread of the data, Range or Stand dev?

DatsIL ¥ = S5O
xR |x=T

Class Notes: Prof. G. Battaly, Westchester Community College, NY

Statistics Home Page . Class Notes Homework
a . [
L8
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3.2  Measures of Variation

—

#50. Given the following: X =

DATA | DATA I DATA I DATA IV
1 8 1 9 g g 2 4
b 2 9 1 b b 4 4
1 g 1 9 ] ] 4 10
3 5 9 1 ] 5 4 4
2 9 1 9 5 5 4 10

e) Standard dev, using Defining Formula
f) Which better distinguishes the spread of the data, Range or Stand dev?

Dataﬂ: \1/ T(LS\'O
2 x - X|(x-xNT s E(x; —X)?
2EAr: EEe
1 -t
9 o ’.é
1 | =y
o | ¢ | =2 4.22
1 | =Y 9
REAR
o |4 1z

= 160

Class Notes: Prof. G. Battaly, Westchester Community College, NY

Statistics Home Page
L%

Class Notes

a

Homework

L%

3.2 Measures of Variation
f) Which better distinguishes the spread
Range or Stand dev?
Given the following: X=S
DATA. | DATA I DATA Il DATA IV
1 8 1 9 5 5 2 4
5 2 9 1 5 5 4 4
1 9 1 9 5 5 4 10
8 5 g 1 5 5 4 4
2 9 1 9 5 5 4 10
S 3.33 4.22 0 2.71
range 9-1=8 9-1=8  5-5=0 10-2=8
»
.
'}
[ 4 ]
e ]
Py e '] ®
Py ° ° ]
a o ° ®
op o L A L] ve ¢
(v o ® L 14 L] [ »
| [ [ [ L [ [ [ [ [ [ [
) ) ) ) ] ) ) ) ) ) ) )
roa y S 4§ R 9 70
Class Notes: Prof. G. Battaly, Westchester Community College, NY
Statistics Home Page ; Class Notes Homework
. ¢ &
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3.2 Measures of Variation

Computing Formula for the Standard Deviatio
2 2
Xx; — (Xxp)°/n
n—1

Data |

2

W WD R 00 R 00— |

Statistics Home Page
P

Class Notes

Does not require finding the
mean and doing subtraction
before squaring. Easier to do
arithemetic w/o calculator

(historical). Now use calculator.

Class Notes: Prof. G. Battaly, Westchester Community College, NY

Homework

3.2 Measures of Variation

Computing Formula for the Standard Deviatio
2 2
Xx; —(Xx)°/n
n—1

Data |

(=R L R T= 2 L D R oL B R R
<

Statistics Home Page
% |l

Class Notes: Prof. G. Battaly, Westchester Community College, NY

Homework
[

Class Notes
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January 29, 2018

3.2 Measures of Variation

X7 — (Zx5)?/n

Computing Formula for the Standard Deviation|

S =
n—1
Data |
2~
X PIN
1
9
1
9
1
9
1
9
1
g9

Class Notes: Prof. G. Battaly, Westchester Community College, NY

Statistics Home Page Class Notes

a a a

Homework

3.2 Measures of Variation

X — (2x)%/n

Computing Formula for the Standard Deviation

S =
n—1
Data |
2
Xi Xi 410- (50)2/10
1 1 s =
9 81 9
1 1
9 81
1 1
9 81 s=4.2
1 1
g 81
1 1
g 81
50 410
ﬂsmtisncs Home Page ﬁClass Notes‘ :’Homework

© G. Battaly 2018
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January 29, 2018

3.2 Measures of Variation

Know formulas:

22X
n

mean, X ~

Defining Formula Std Dev,

Computing Formula Std Dev

Class Notes: Prof. G. Battaly, Westchester Community College, NY

Statistics Home Page Class Notes

S =

S =

2 (x; —f)z
n—1

Txf — (2x)2/n
n—1

Homework

@

A, A, A, 0}
P P P T e Tl L
.'|.'- .'|.'- .".- .".- ."‘. '|‘.- |‘.- ."‘.- J. .I- .. .- '. 1) 1) . .' .-

al,
w,
P P P P P P e e

LT B S fw
e e (e LT T o= e e A T

0 0 A A A ] A
SR SR SRR 51 57 &0

(e e 2 e e vl L ey L

A
3

el
(L]

I
‘M
v

e e P P R e

A Ty L T L T L LY

Class Notes: Prof. G. Battaly, Westchester Community College, NY

Statistics Home Page -
3

(] ] ]
Sie S Sin Sin S St Sln St She et N4 2t et

LA LS W L LY

Class Notes

x|

Homework
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Attachments

Q  studentHeight_rev.xIsx



Sheet1

		Student Height

				ft		in		total in

		1		6		5		77

		2		6				72

		3		5		6		66

		4		5		5		65

		5		5		2		62

		6		5		3		63

		7		5		9		69		x		69

		8		5		1		61		x		61

		9		5		10		70		x		70

		10		5		8		68

		11		5		11		71		x		71

		12		6		4		76		x		76

		13		5		7		67		x		67

		14		5		1		61

		15		5		8		68		x		68

		16		5		3		63

								67.4375				68.8571428571

								77

								61

		Student Height				Fall 2014

				ft		in		total in

		1		5		6		66

		2		6		2		74

		3		5		9		69

		4		5		11		71

		5		5		3		63

		6		4		11		59

		7		5		9		69

		8		5		7		67

		9		5		10		70

		10		5		4		64

		11		5		6		66

		12		5		10		70

		13		5		4		64

		14		5		11		71

		15		5		4		64

		16		5		3		63

		17		5		4		64

		18		5		4		64

		19		5		9		69

		20		5		10		70

		21		5		6		66

		22		6		1		73

		23		5		7		67

		24		5		5		65

		25		5		5		65

		26

		27

		28				25		66.92

		29						74

		30						59

		Student Height				Fall 2015																		22,21,4,12,10,17,2				23,7,3,2,17,1,10

														Student Height				Fall 2016				9,1,22,3,13,20,23				19,22,6,9,1,3,13

				ft		in		total in								ft		in		total in		Sample 1		Sample 2

		1		5		1		61		61				1		5		2		62		62				62		62		62		67		68

		2		5		6		66						2		5		10		70				70				70		70		65		65

		3		5		11		71						3		5		7		67		67				67		67		67		72		72

		4		5		6		66		66				4		5		3		63				63						63		69		68

		5		5		6		66						5		5		7		67										67		65		74

		6		5		7		67						6		5		4		64						64				64		71		69

		7		5		10		70		70				7		5		10		70								70		70		65		73

		8		5		10		70		70				8		5		5		65										65		68

		9		5		11		71						9		5		7		67		67				67

		10		5		7		67						10		5		5		65				65				65

		11		5		2		62						11		6				72

		12		5		7		67						12		5		9		69				69

		13		5		6		66						13		5		5		65		65				65

		14		5		11		71						14		5		11		71

		15		5		11		71						15		5		5		65

		16		4		11		59		59				16		5		8		68

		17		5		0		60						17		5		8		68				68				68

		18		5		0		60						18		5		5		65

		19		5		4		64		64				19		6				72						72

		20		5		0		60						20		5		8		68		68

		21		5		7		67						21		6		2		74				74

		22		5		8		68						22		5		9		69		69		69		69

		23		5		6		66						23		6		1		73		73						73

		24		6		0		72		72

		25		6		1		73		73										population		sample 1		sample 2		sample 3

		26		5		3		63										23		67.8		67.3		68.3		66.6		67.9

		27		5		4		64										max		74		73		74		72		73

		28		5		6		66										min		62		62		63		62		62

		29																stdev,n		3.203		3.149		3.283		3.064		3.356

		30																stdev,n-1				3.402		3.546		3.309		3.625

		32

		33

		34

		35

		36

		37

						28		66.2142857143		66.875

								73		73

								59		59





multipleClasses

				multiple classes



						3,78,57,19,91,67,28,23,88,86

				Height(in)		Sample1		Sample2		Sample3		Sample4

		1		77

		2		72				72		72

		3		66		66

		4		65

		5		62

		6		63

		7		69

		8		61						61

		9		70				70

		10		68

		11		71						71

		12		76

		13		67				67				67

		14		61

		15		68

		16		63

		17		66

		18		74

		19		69		69

		20		71

		21		63								63

		22		59

		23		69		69

		24		67

		25		70

		26		64				64				64

		27		66

		28		70		70

		29		64

		30		71

		31		64

		32		63								63

		33		64

		34		64				64

		35		69						69		69

		36		70

		37		66

		38		73

		39		67

		40		65

		41		65

		42		61						61

		43		66

		44		71

		45		66

		46		66

		47		67

		48		70

		49		70

		50		71

		51		67

		52		62

		53		67								67

		54		66								66

		55		71				71		71

		56		71						71

		57		59		59

		58		60

		59		60				60

		60		64

		61		60

		62		67				67

		63		68

		64		66

		65		72						72

		66		73

		67		63		63						63

		68		64								64

		69		66

		70		62

		71		70

		72		67

		73		63

		74		67

		75		64

		76		70

		77		65				65

		78		67		67

		79		65

		80		72

		81		69

		82		65						65

		83		71

		84		65

		85		68				68

		86		68		68

		87		65								65

		88		72		72

		89		68

		90		74

		91		69		69				69

		92		73

				Population		Sample1		Sample2		Sample3		Sample4

		mean		67.0		67.2		66.8		68.2		65.1

		stdevPop		3.88		3.57		3.49		4.09		1.97

		stdevSam				3.77		3.68		4.32		2.08

						better		better		worse		better

		#observ		92		10		10		10		10

						3 of 4 samples result in standard deviation closer to population stdev if use n-1 instead of n
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