Quantifying Distributions

Quantifying Distributions

Measuring the “Center”

Measuring Variability

Central Tendency

A measure of central tendency is
a number that represents the
middle of a distribution

Typical Measures of Central Tendency

Mean i 1 Median 1 Mode ,
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Typical Measures of Central Tendency

The Mean

The mean is the sum of a set of scores
divided by the number of scores in the set

+ Commonly known as the average'
» Appropriate for interval, or ratio scale data
» Not valid for nominal or ordinal scale data

Mean ” l Median | 1 Mode |
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Calculating the Mean
- Population Formula -
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Calculating the Mean
- Population Formula -
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Calculating the Mean
- Population Formula -
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Summation Notation
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Take the sum of
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Summation Notation

Take the sum of

Calculating the Mean
- Population Formula -
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Calculating the Mean
- Population Formula -
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Calculating the Mean
- Population Formula -

Population Sample

u

Visualizing the Mean
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Variability

Variability refers to the degree 1o
12 3 4 6 7 8 9 10 which scores in a distribution are
A
U

spread out or clustered together

@ (—3) o+ (—3) o (]) & (5) = O o How much difference to expect from score to score

o How well the mean represents the scores on the
whole, and how well an individual score would
represent the whole
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Standard Deviation Population
The standard (typical) amount G
scores deviate from the mean st Scmpte
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The standard (typical) amount
scores deviate from the mean
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Absolute Deviation

(Xi B “)2

Squared Deviation

Sir Arthur Eddington

Sir Ronald Fisher

Sampling Error

&

The discrepancy (or amount of error) that
exists between a sample statistic and the
corresponding population parameter

a
Average Age:
Average IQ: 110.
65.1% Female, 34.9% Male

ample 1 Statistids
Average Age:
Average IQ: 106.2

40% Female, 60% Male

Average Age:
Average IQ: 112.2
80% Female, 20% Male

|Xi . 'ul (Xi = ‘u)Z
| -
|Xi_X' (Xi_)_()z
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Wiki & Readings = Fisher (1920)

26 Mr. B, 4. Pishr, Motk of s

Properties of Estimators

Consistency:
“Does it get better with more data2"

(Relative) Efficiency:
“Does it err less than other estimatorse™

Sufficiency:
“Does it use all the data?”

Properties of Estimators

Consistency:
“Does it get better with more data2"

(Relative) Efficiency:
“Does it err less than other estimatorse”

Sufficiency:
“Does it use all the data?”
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Absolute Deviation Squared Deviation

Sir Arthur Eddington Sir Ronald Fisher

(X, - u)z

Squared Deviation

-

The Squared Deviation

the base unit of variability in statistics

(Xi - :“)2

Squared Deviation

The Squared Deviation

the base unit of variability in statistics

(Xi - :“)2

Squared Deviation
“Squares”
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P X X e
1 2 0 0
2 4 2 4
3 3 1 1
4 2 0 0
5 2 0 0
6 3 1 1
7 1 1 1
8 0 2 4
9 2 0 0
9 1 -1 1
20 0 «ss

SS 12 - o Mean
N S0 ™

Population Variance

Mean Squared Deviation

SS 12 - o Mean
N = .

Population Variance

Mean Squared Deviation

Mean squared distance
of scores to the mean

. Sum of Squared Deviations
Variance =

Number of Scores
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Population Variance

Mean Squared Deviation

Mean squared distance
of scores to the mean

,_SS
N

O

ev

Population Variance

Mean Squared Deviation

Mean squared distance
of scores to the mean

28
N
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O=\0O
Standard Deviation = Varlance
(Standard Deviation) = Variance
2

Population Standard Deviation

Average* distance of
scores fo the mean

ss
N

* Not actually the average.
The average distance of
cores fo the mean is the:

“mean absolute deviation"

O =
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SS 12 - o Mean
N = ™

o =+/1.2 =1.095 cups of coffee

Cups of Coffee Consumed Each Day
N = 10 Individuals

T
w

N
Count

| ] ]

T
-1 0 1 2 3 4 5 6

o0 =1.095 cups of coffee

Complete Steps for Calculating the
Population Standard Deviation

Xl. = ‘Lt Find each deviation score

. 2 . .
(Xi = ,u) Square each deviation score

SS = Z(Xl. = u)z Sum the squared deviations

2
O = S%V Divide SS by the number of scores

o= /O-2 Take the square root of the result

Population Standard Deviation

Z(Xi_;u)z
o=
N
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The standard (typical) amount
scores deviate from the mean
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Parameters and Statistics

Population

ol
S
. / smnsncs
o
PARAMETERS

Parameters and Statistics

Population

X
S
. i STATISTICS
T (ESTIMATES)
PARAMETERS

Properties of Estimators

» Consistency:

“Does it get better with more data2"

+ (Relative) Efficiency:

“Does it err less than other estimatorse”

 Sufficiency:

“Does it use all the data?”

Properties of Estimators

» Consistency:
“Does it get better with more data2"

+ (Relative) Efficiency:
“Does it err less than other estimatorse”

 Sufficiency:
“Does it use all the data?”

@ Bios:

“Does it over- or under-estimate the frue value on average?”
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Standard Deviation

=
8620,
4

The standard (typical) amount
scores deviate from the mean

ev

Sample Standard Deviafion

An estimate based on sample data of the
standard deviation of the population from
which the sample was drawn

Sample Standard Deviation
corrected for the purpose of estimation

ev

Calculating the Standard Deviation

Population

SS:E(XI.—,u)z[[:>‘ G:\/%

Sample
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Calculating the Standard Deviation o
Population R
SRR R AR e 1 SS
SS:ZXf-QE | o=,/—
(X — ) E> N =
Sample
SS=3(X, - X)’ l
(2
O

Calculating the Standard Deviation

Population

SS = (X, - )’ ﬁ> G:,/%

B
Calculating the Standard Deviation o
Population R
s 1 SS
SS=%(X, - QE | o=~
X~ \Q] =
Sample
SS = 2(X, —2l
B
©

Calculating the Standard Deviation

Population

S

S8 =2(X, — ) i> 6= 5

SS

SS:E(XI.—)_()ZI | B= e

n
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Calculating the Standard Deviation

Population

SS = (X, — )’

Sample

SS =%(X. - X)

=

B

Wiki & Readings & Why n-12 (1979)

Why n — 1 in the Formula for the Sample
Standard Deviation?

Stophen A, Book

JL, o 4 Book i Associte Prfesor of Mabematcs af
4 X ioge Dominguz His. He receed s
3 o oy
i niosucor o S
b F4 " 5 opted Prosams” and €.

hat the best extmate of y s the “sample mear
veryrecepiive o the law of averages, which sssrts hat,
s limit,

“The question then aissof how accurate s a5 an esimte of . To answer this
queston, he concept of & confdence inervl s introduced. The firt tep in the
confidence interval approach, namely, the central limit heorem, is willingly ac.
cepted by the suadents. I suys:

For large values of 1, the set of ll possible sample means of samples
consistng of m data piats has approximately 3 norma distrbution with
mean 1 and standard deiaion o/ . Here s and o are the popalation

rvals, namely, the sitement that we can be
/ imple algebraic consequence of the

In most applicarions, however, th sbove formula cannot be wsed as it sands,
because it contain th (generally unknown) populaton standard deviation 0. The
usual procedure to get sround this difficuty s 1o eplace o by the “sample
sandard deviation”

330

Proof.Usin the binomial theorem, togeher with commatatity and assocatv-
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Theretore:

2n(x - a3

-

3 e

Now, when we say that the population varisnce s o%, we mean that o s the

HH

s “on the average” cqual 1o ne, since cach aumbes ¥, of our
mple is going o be some member v o the population and the average
s the same as the average (v, -

about (2 - ) Recall from he satemens of th centra imi teorem that

possble sampleof size , he numbers (< — ) wil average out
RS R it “on the average” equal o 0.
I then fllows that
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SS =X(X, — u)>
SS=3X(X, - X)’
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Sampling Distn Demo of
Variance
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Calculating the Standard Deviation
Population e
SS=%(X, - )2E A 0=
adl
Sample
_ SS
SS=X(X.-X 2[ =\
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Calculating the Standard Deviation

Population

s

SS :E(X —uy? E :>i c
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Calculating the Variance

2
Q

Population

55 = 20X, — :>i

Calculating the Variance

2
Q

Population

$S—B(X - 0y :>i
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