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Reducing Distributions

oRegardless of numbers of
scores, distributions can be
described with three pieces of
info:

L mShape (Normal, Skewed, etc.)

mCentral Tendency

mVariability

How do scores spread out?

|| aVariability

mTell us how far scores
spread out

mTells us how the degree to

which scores deviate from
the central tendency




How are these different?

I [

Mean = 10 Mean = 10
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Measure of Variability

Measure Definition Related to:
Range Largest - Smallest Mode
Interquartile Range X5 - Xos ;
X . M
Semi-Interquartile Range (X75 - Xo5)/2 edian

Average Absolute Deviation

Variance
Mean

Standard Deviation
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The Range

oThe simplest measure of variability
mRange (R) = Xhighest = Xiowest
mAdvantage - Easy to Calculate
mDisadvantages

olLike Median, only dependent on two
scores — unstable

{0, 8,9, 9, 11, 53} Range = 53
{0, 8,9,9, 11, 11} Range = 11
oDoes not reflect all scores




Detour: Percentile

o A percentile is the score at which a
specified percentage of scores in a
distribution fall below
m To say a score 53 is in the 75th percentile is to

say that 75% of all scores are less than 53

o The percentile rank of a score indicates
the percentage of scores in the distribution
that fall at or below that score.

m Thus, for example, to say that the percentile
rank of 53 is 75, is to say that 75% of the
scores on the exam are less than 53.
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Detour: Percentile

o Scores which divide distributions
into specific proportions
m Percentiles = hundredths
P1, P2, P3, ... P97, P98, P99
m Quartiles = quarters
Q1, Q2, Q3
m Deciles = tenths
D1, D2, D3, D4, D5, D6, D7, D8, D9
o Percentiles are the SCORES
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Detour: Percentile Ranks

oWhat percent of the scores fall
below a particular score?

_ (Rank —.5)

PR x100

oPercentile Ranks are the
Ranks not the scores
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Detour: Percentile Rank

oRanking no ties - just number them

Score: 1 3 4 5 6 7 8 10
Rank: 1 2 3 4 5 6 7 8

oRanking with ties - assign midpoint
to ties

Score: 1 3 4 6 6 8 8 8
Rank: 1 2 3 45 45 7 7 7
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Step1 Step2 Step3 Step 4
Assign
Midpoint | Percentile Rank
oSteps to
Data | Order [Number| to Ties Apply Formula .
Te [0 [ 1 [ 1 | 28 Calculating
5 2 2 2 7.143 i
2 3 3 4 16.667
2 e e 10667 Percentile
3 3 5 4 16.667
4 4 6 7 30.952 Ran kS
8 4 7 7 30.952
9 4 8 7 30.952
1 5 9 10 45.238
7 5 10 10 45.238
4 5 11 10 45.238
8 6 12 12 54.762
3 7 [ 18| 14 64.286 o Example:
7 7 14 14 64.286
6 7 15 14 64.286 Rank,—.5
5 [& [ 16 | 175 80.952 PR, =¥x100 =
7 8 17 175 80.952 N
4 8 18 | 175 80.952
5 8 19 | 175 80.952 4-.5) _
8 9 20 | 205 95.238 21 %100 =16.667
8 9 21 205 95.238 1

Detour: Finding a Percentile in a
Distribution

X, =(p)n+l)

o Where X; is the score at the desired
percentile, p is the desired percentile (a
number between 0 and 1) and n is the
number of scores)

o If the number is an integer, than the
desired percentile is that number

o If the number is not an integer than you
can either round or interpolate




Detour: Interpolation Method Steps

o Apply the formula X, =(p)(n+1)

1. You’'ll get a number like 7.5 (think of it as
placel.proportion)

2. Start with the value indicated by placel (e.g.
7.5, start with the value in the 7t" place)

3. Find place2 which is the next highest place
number (e.g. the 8t place) and subtract the
value in placel from the value in place2, this
distancel

4. Multiple the proportion number by the
distancel value, this is distance2

5. Add distance2 to the value in placel and that
is the interpolated value e

Detour: Finding a Percentile in a

Distribution

o Interpolation Method Example:
o 25t percentile:
{1, 4, 9, 16, 25, 36, 49, 64, 81}
oX,s = (.25)(9+1) = 2.5
mplacel = 2, proportion = .5
mValue in placel = 4
mValue in place2 = 9
mdistancel =9-4=5
mdistance2 =5 * .5 =25
m Interpolated value = 4 + 2.5 = 6.5
m 6.5 is the 25t percentile

Detour: Finding a Percentile in a

Distribution

o Interpolation Method Example 2:
o 75t percentile
{1, 4,9, 16, 25, 36, 49, 64, 81}
oX;s = (.75)(9+1) = 7.5
mplacel = 7, proportion = .5
mValue in placel = 49
mValue in place2 = 64
mdistancel = 64 - 49 = 15
mdistance2 = 15* .5 =7.5
m Interpolated value = 49 + 7.5 = 56.5
m 56.5 is the 75t percentile

15




Detour: Rounding Method Steps

oApply the formula X, =(p)(n+1)
1. You’ll get a number like 7.5 (think of it
as placel.proportion)
2. If the proportion value is any value
other than exactly .5 round normally

3. If the proportion value is exactly .5
o And the p value you're looking for is above
.5 round down (e.g. if pis.75and X, = 7.5
round down to 7)
o And the p value you're looking for is below
.5round up (e.g. if pis.25and X, = 2.5
round up to 3)
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Detour: Finding a Percentile in a
Distribution
oRounding Method Example:
o25th percentile
{1, 4, 9, 16, 25, 36, 49, 64, 81}
oX,s = (.25)(9+1) = 2.5 (which
becomes 3 after rounding up),

oThe 3™ score is 9, so 9 is the 25t
percentile
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Detour: Finding a Percentile in a
Distribution
oRounding Method Example 2:
o75t percentile

{1, 4,9, 16, 25, 36, 49, 64, 81}

oX,s = (.75)(9+1) = 7.5 which
becomes 7 after rounding down

oThe 7th score is 49 so 49 is the
75t% percentile
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Detour: Quartiles

oTo calculate Quartiles you simply
find the scores the correspond to
the 25, 50 and 75 percentiles.

0Q; = Pys, Qu = Psg, Q3 = Pys
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Back to Variability: IQR

olnterquartile Range

| m=P,5 - Pys0orQ;-Q

mThis helps to get a range that is
not influenced by the extreme high
and low scores

mWhere the range is the spread
across 100% of the scores, the IQR
is the spread across the middle
50%
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Variability: SIQR

oSemi-interquartile range
m=(Ps5 - Pys5)/2 or (Q; - Q;)/2
nIQR/2
mThis is the spread of the middle
25% of the data

mThe average distance of Q1 and Q3
from the median

m Better for skewed data
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Variability: SIQR

oSemi-Interquartile range

L Q% U R
LA =
| —— F—————§
| A

S|
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Average Absolute Deviation

nAverage distance of all scores
(| from the mean disregarding
direction.

L Slx
N
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Average Absolute Deviation

Score (X.—X) |x,-X|
8 3 3
6 1 1
4 -1 1
2 - 3
Sum= 0 8
Mean= 5 2
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Average Absolute Deviation

o Advantages
m Uses all scores

m Calculations based on a measure of
central tendency - the mean.

o Disadvantages

| mUses absolute values, disregards direction

m Discards information
o Cannot be used for further calculations
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Variance

|| OThe average squared distance of

each score from the mean
nAlso known as the mean square
oVariance of a sample: s2
oVariance of a population: ¢2
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Variance
oWhen calculated for a sample

L (X %)
N -1

oWhen calculated for the entire
population

2 Z:(Xi_)?)2

O =
N
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Variance

oVariance Example
mData set = {8, 6, 4, 2}
mStep 1: Find the Mean

— 4+ +_+
X:____:
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Variance

oVariance Example
mData set = {8, 6, 4, 2}
m Step 2: Subtract mean from each

value
Score Deviation
8 8-_)=__
6 (6-___)=__
4 (4-__ )=
2 (2- )= *
Variance

oVariance Example
mData set = {8, 6, 4, 2}
mStep 3: Square each deviation

Score Deviation Squared
8

6
4
2

10



Variance

| oVariance Example

mData set = {8, 6, 4, 2}

mStep 4: Add the squared deviations
and divide by N - 1

Standard Deviation

oVariance is in squared units

| oWhat about regular old units

oStandard Deviation = Square
root of the variance

Z(Xi_y)z

N -1
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S =

Standard Deviation

oUses measure of central tendency
(i.e. mean)

o Uses all data points

oHas a special relationship with the
normal curve (we’ll see this soon)

|| oCan be used in further calculations

o Standard Deviation of Sample = SD
ors

o Standard Deviation of Population = o
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Why N-1?

o When using a sample (which we

is the best estimate of the
parameter
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always do) we want a statistic that

Degrees of Freedom

oUsually referred to as df

number of restrictions

_+ + 4+ =10 - 4 free spaces
2+ + + =10 - 3 free spaces

2+4+ +_ =10 - 2 free spaces
2+4+3+_ =10
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oNumber of observations minus the

Last space is not free!! Only 3 dfs.
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Boxplots

Median

One half 4— | — The other half

of the sample of the sample.
Lower Upper
Quartile Quartile

One quarter +— |4— Widdie hatf —
of the sample of the sample

— One quarter
of the sample
Minimum Maximum
o o o

Smallest sample value—b*g ® o sesccecsvon e +k Largest sample value
4! 8! 's 10 iz

| I 1 I '

I | |

whisker
| ]
Ie— boxlength —+!
' Interquartite '
Range
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whisker
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Boxplots with Outliers

Median

One half 4—— | —# The other half
of the sample of the sampie
Lower Upper
Quartile Quartile
One quarter 4— | 4— The iddie —»|—+ One quarter
of the sample: half of e sample of the sample

largest unbooked Dots represent

smallest unbooked
sample value (neither outlier sample values

5"”;“:“‘.“9‘ [R5 PP + noreien), o or dats polnia: .
4: e} :a } 10 } 12 1‘4 16 18 : 20
Computational Formulas
|| OAlgebraic Equivalents that are
easier to calculate
(Zx)
— 2
L Dx Xy 2XH
N-1 N-1
(Zx)
— 2 Xz_
§= Z(Xi—X) _ Z N
N-1 N-1
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