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Deep Dive Into Mann-Whitney and

v*) Spearman Rank

e Mann-Whitney Statistical Analysis
e Why we use it.
e Getting technical.
e \What do the results mean.

e Spearman Rank Statistical Analysis
e Why we use it.
e Getting technical.
e What do the result mean.



Mann-Whitney Statistical Analysis

Why do we use it?

e Most statistical tests
require certain
“assumptions” to be
made, such as having a
normal distribution
(Have you heard of the
magical “Bell Curve”?).

e Mann-Whitney is a test
that does not require all
of these assumptions to
be met.
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e ' Mann-Whitney Statistical Analysis

Why do we use it?
e Mann-Whitney tests the equality of two
independent groups.

e Example: Is the average height of the men
and women in this room statistically
different?


Presenter
Presentation Notes
The purpose of Mann-Whitney is to test the equality of two groups.  If I were to get everyone’s height in this room I could use Mann-Whitney to see if there is a difference between the average height in men and women. 
Those two groups (men and women) are independent because one person being male is not dependent on another person in this room being male or female.



| iy | Mann-Whitney Statistical Analysis

Hypothesis Testing

Ho =py —p =0
Ho =ty — 2 #0

Level of significance: ««= .05


Presenter
Presentation Notes
Hypothesis testing is done to test a statement about the nature of the population. The null hypothesis is always the status quo and is assumed to be true. The alternative hypothesis is the statement that needs to be supported by evidence. We are never 100% certain about the truth of a statement. If there is ample evidence to support the alternative hypothesis we do not state that the alternative hypothesis is true. We simply reject the null hypothesis at a certain level of significance. Likewise, we never accept the null hypothesis. We will fail to reject it if there is not enough evidence to support the alternative. Just like in a court of law: a defendant can be declared not guilty, but never innocent.
This null hypothesis says that the mean of group 1 minus the mean of group 2 equals zero (another way to say the means are equal). The alternative hypothesis is that the means are not equal.





Presenter
Presentation Notes
Run for it!


Mann-Whitney Statistical Analysis
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Presentation Notes
This is fictional data for heights of men and women. The null hypothesis here would be that there is no difference in height between men and women. The sample sizes of each group are very different, so it can be difficult to tell if there really is a statistically significant difference between men and women. At first glance you would assume there is  since the majority of the heights of women is 62 inches. However, when you look at the average height, there is only a 4 inch difference. Running the Mann-Whitney test does confirm that there is a difference between the height of men and women as we would reject the null hypothesis at the .05 level of significance. 


2 Mann-Whitney Statistical Analysis

Equality of means
e [fthe groups are similar, each observation in

the first group will have an equal probability
of being greater than or less than each of the
observations in the other group.



g 5 1 Mann-Whitney Statistical Analysis

Class Experiment
e Are those who had coffee as awake as
those who did not have coffee?

e Are those who stay out late as awake as
those who did not stay out late?




g ' Mann-Whitney Statistical Analysis

e [fthe two conditions are similar, high and low
ranks (how awake everyone is) will be
distributed rather equally between the two
conditions (caffeine/no caffeine or staying
out late/not late). The smaller the test
statistic, the less likely it is the results
occurred by chance.
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‘R | Mann-Whitney Statistical Analysis

n,(ny +1)

U, = nyn, 4 5
Where:

U=Mann-Whitney U Test
n,= Sample size one
n,=Sample size two

R= Rank of the sample sizes

n;
D, R

i=n1+1
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2 Mann-Whitney Statistical Analysis

Ratio Studies

e [sthe percentage change in the group of sold
parcels equal to the percentage change in the
group of unsold parcels?
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Presenter
Presentation Notes
For Ratio Study purposes, we are testing whether the percentage change of a sold parcel has an equal probability of being greater than or less than each of the unsold parcels.



e ' Mann-Whitney Statistical Analysis

Hypothesis test

H,: Changes were made equally to sold and
unsold properties.
H,: Changes were not made equally to sold and
unsold properties.

a = .05
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Presentation Notes
.05 is the level of significance. If the p-value is .05 or lower, we reject the null hypothesis.


Mann-Whitney Statistical Analysis
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Presenter
Presentation Notes
Significance = level of significance = is the result above .05 or below?


Mann-Whitney Statistical Analysis

Mann-Whitney Test

Ranks
Sold M Mean Rank | Sum of Ranks
PctChange O 53 27.45 1455.00
1 ] 51.20 2686.00
Total a8
Test Statistics™
FctChange
Mann-Whitney LI 24.000
Wilcoxon W 1455000
il -3.006
Asymp. Sig. (2-tailed)
xact =lg. -talled b
Sig.)] 0m

a. Grouping Variable: Sold
fr. Mot corrected for ties.
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Mann-Whitney Statistical Analysis

Some statistics on the Mann-Whitney test.

Total neighborhoods with 3100 4915 6245 101%
5+ sales
Total Mann-Whitney 683 1193 1700 149%
failed neighborhoods
Total neighborhoods 61 290 435 613%

counties required to
explain

16
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Spearman Rank Statistical Analysis

e Why do we use it?
e Just as with the Mann-Whitney, certain
assumptions are not required to be met.

e Measures the strength of the relationship
between two variables.

17



8% Spearman Rank Statistical Analysis

e Strength of the relationship between the

AV/SP ratio and assessed value.

e Are low- and high- valued properties being
assessed at an equal percentage of the
market?

e p=1 Perfect positive relationship

e p=-1 Perfect negative relationship

e And then there is everything in between

18


Presenter
Presentation Notes
On a graph we would see a perfect positive relationship having a line going in a 45 degree angle in an upward slope. A perfect negative relationship will have that angle going in a downward slope.


" Spearman Rank Statistical Analysis

Spearman Rank Formula

n Yt RO)RW)—[Ziq R(x)|[Xi=1 RO

p p—
[ SR - (5, R Y 2RO [52, RODT)
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) Spearman Rank Statistical Analysis

Or...we could just use this formula:

6 d?
n(n? —1)

ro =1

where:
d; is the difference between the ranks
n is the number of observations

20



Spearman Rank Statistical Analysis

StudySectic Grouping  StudySaleP CurrentLan Currentimp CurrentTot: Ratio
Reslmp This Group 177800 26500 140700 167200 0.940382
Reslmp This Group 185000 26500 137300 164200 0.887568
6 Reslmp This Group 144150 19500 143100 1626500 1.127992
‘ Resimp This Group 174662 23100 139000 162100 0.928078
6 Resimp This Group 163000 16400 133300 149700 0.912405
Resimp This Group 156428 29300 137300 167200 1.068862
Resimp This Group 171000 22200 122200 144400 0.844444
e Resimp This Group 158600 24800 131300 156100 0.984237
Reslmp This Group 169315 22400 124500 147300 0.869976
Reslmp This Group 166351 22400 127500 150300 0.903511
Reslmp This Group 177312 23500 135000 162500 0.916464
Resimp This Group 180739 19300 145500 164300 0.912365
Resimp This Group 165000 13100 131200 144300 0.874545

AV Rank  Ratic Rank AVRankSq RaticRankSq AVRank*RatioRank d D-Squared
125 10 156.25 100 125 -2.5 6.25 1-{{6*s{d"2))/n(n"2-1))
10 4 100 16 40 -6 36
9 13 81 169 117 4 16
7 9 49 81 63 2 4 0.634615
4 8 16 64 32 4 1
12.5 12 156.25 144 150 -0.5 0.25
2 1 4 1 2 -1 1
6 11 36 121 66 5 25
3 2 9 4 i -1 1
5 5 25 25 25 0 1]
8 7 64 49 56 -1 1
11 6 121 36 66 -5 25
1 3 1 9 3 4
91 91 B18.5 819 751" 0 135.5



Spearman Rank Statistical Analysis

The Results

Correlations
CurrentTotalA
Ratio v
Spearman's tho  Ratio Correlation Coefficient 1.000 627
Sig. (2-tailed) . 022
N 13 13
CurrentTotalAV  Correlation Coefficient 627 1.000
Sig. (2-tailed) 022 .
N 13 13

* Correlation is significant atthe 0.05 level (2-tailed).
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Presenter
Presentation Notes
Remember how I said a perfect positive relationship will have a 45 degree angle in an upward slope? Take a look at the correlation coefficient. This number would be 1 in a perfect positive relationship. Since this number is .627, what do you think the graph will look like? This will be a moderate-strong relationship.


Spearman Rank Statistical Analysis

The Visual
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2! Contact

Deliverance Bougie
e Senior Statistician
e 317.234.5861

e Dbougie@dlgf.in.gov

e www.in.gov/dlgf
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Deep Dive Into Mann-Whitney and Spearman Rank

Mann-Whitney Statistical Analysis

Why we use it.

Getting technical.

What do the results mean.

Spearman Rank Statistical Analysis

Why we use it.

Getting technical.

What do the result mean.
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Mann-Whitney Statistical Analysis

Why do we use it?

Most statistical tests require certain “assumptions” to be made, such as having a normal distribution (Have you heard of the magical “Bell Curve”?).



Mann-Whitney is a test that does not require all of these assumptions to be met.
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Mann-Whitney Statistical Analysis

Why do we use it?

Mann-Whitney tests the equality of two independent groups.



Example: Is the average height of the men and women in this room statistically different?
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The purpose of Mann-Whitney is to test the equality of two groups.  If I were to get everyone’s height in this room I could use Mann-Whitney to see if there is a difference between the average height in men and women. 

Those two groups (men and women) are independent because one person being male is not dependent on another person in this room being male or female.
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Mann-Whitney Statistical Analysis

Hypothesis Testing
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Hypothesis testing is done to test a statement about the nature of the population. The null hypothesis is always the status quo and is assumed to be true. The alternative hypothesis is the statement that needs to be supported by evidence. We are never 100% certain about the truth of a statement. If there is ample evidence to support the alternative hypothesis we do not state that the alternative hypothesis is true. We simply reject the null hypothesis at a certain level of significance. Likewise, we never accept the null hypothesis. We will fail to reject it if there is not enough evidence to support the alternative. Just like in a court of law: a defendant can be declared not guilty, but never innocent.

This null hypothesis says that the mean of group 1 minus the mean of group 2 equals zero (another way to say the means are equal). The alternative hypothesis is that the means are not equal.
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Here’s your chance
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Run for it!
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Mann-Whitney Statistical Analysis
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This is fictional data for heights of men and women. The null hypothesis here would be that there is no difference in height between men and women. The sample sizes of each group are very different, so it can be difficult to tell if there really is a statistically significant difference between men and women. At first glance you would assume there is  since the majority of the heights of women is 62 inches. However, when you look at the average height, there is only a 4 inch difference. Running the Mann-Whitney test does confirm that there is a difference between the height of men and women as we would reject the null hypothesis at the .05 level of significance. 
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Mann-Whitney Statistical Analysis

Equality of means

If the groups are similar, each observation in the first group will have an equal probability of being greater than or less than each of the observations in the other group.
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Mann-Whitney Statistical Analysis

Class Experiment

Are those who had coffee as awake as those who did not have coffee?

Are those who stay out late as awake as those who did not stay out late?
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Mann-Whitney Statistical Analysis

If the two conditions are similar, high and low ranks (how awake everyone is) will be distributed rather equally between the two conditions (caffeine/no caffeine or staying out late/not late). The smaller the test statistic, the less likely it is the results occurred by chance.
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Mann-Whitney Statistical Analysis
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Mann-Whitney Statistical Analysis

Ratio Studies

Is the percentage change in the group of sold parcels equal to the percentage change in the group of unsold parcels?
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For Ratio Study purposes, we are testing whether the percentage change of a sold parcel has an equal probability of being greater than or less than each of the unsold parcels.
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Mann-Whitney Statistical Analysis
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.05 is the level of significance. If the p-value is .05 or lower, we reject the null hypothesis.
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Mann-Whitney Statistical Analysis





When sample sizes are very different for each group, it can be difficult to determine if there is a (statistically) significant difference.
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Significance = level of significance = is the result above .05 or below?
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Mann-Whitney Statistical Analysis
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Mann-Whitney Statistical Analysis

				2016		2017		2018		% Change

		Total neighborhoods with 5+ sales		3100
		4915		6245		101%

		Total Mann-Whitney failed neighborhoods		683		1193		1700		149%

		Total neighborhoods counties required to explain		61		290		435		613%



Some statistics on the Mann-Whitney test.
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Spearman Rank Statistical Analysis

Why do we use it?

Just as with the Mann-Whitney, certain assumptions are not required to be met.



Measures the strength of the relationship between two variables.
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Spearman Rank Statistical Analysis
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On a graph we would see a perfect positive relationship having a line going in a 45 degree angle in an upward slope. A perfect negative relationship will have that angle going in a downward slope.
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Spearman Rank Statistical Analysis

 

Spearman Rank Formula
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Spearman Rank Statistical Analysis
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Spearman Rank Statistical Analysis







The Data
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Spearman Rank Statistical Analysis

The Results
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Remember how I said a perfect positive relationship will have a 45 degree angle in an upward slope? Take a look at the correlation coefficient. This number would be 1 in a perfect positive relationship. Since this number is .627, what do you think the graph will look like? This will be a moderate-strong relationship.
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Spearman Rank Statistical Analysis

The Visual
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Contact

Deliverance Bougie

Senior Statistician

317.234.5861

Dbougie@dlgf.in.gov

www.in.gov/dlgf 
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Where:

U=Mann-Whitney U Test
n,= Sample size one
n,=Sample size two

R.= Rank of the sample sizes
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Or...we could just use this formula:

6Yd?
n(n? —1)

e =1

where:
d; is the difference between the ranks
n is the number of observations
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