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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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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.




Mann-Whitney Statistical Analysis

Hypothesis Testing
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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.




Here’s your chance
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Presenter
Presentation Notes
Run for it!



Mann-Whitney Statistical Analysis
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Presenter
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. 



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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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.




Mann-Whitney Statistical Analysis
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Presenter
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
PctChange Sold

0.072412929 1
0.073389356 1
0.105960265 1
0.131406045 1
0.210801758 1

PctChange Sold PctChange Sold
0.03536346 0 0.06882494 0
0.04735256 0 0.068970588 0

0.0493992 0 0.069044586 0
0.05157457 0 0.069165143 0

0.0520615 0 0.069586675 0
0.05371278 0 0.069751381 0
0.05728806 0 0.070158805 0
0.05851932 0 0.070167064 0

0.0610622 0 0.070290721 0
0.06138614 0 0.071036889 0
0.06158494 0 0.071361502 0
0.06164575 0 0.071915474 0
0.06181728 0 0.071953886 0
0.06189968 0 0.072463768 0
0.06214965 0 0.072566372 0
0.06294201 0 0.073643411 0
0.06350392 0 0.073662445 0
0.06397608 0 0.074056029 0
0.06422704 0 0.074142383 0
0.06496631 0 0.074737345 0
0.06501182 0 0.075288972 0
0.06504242 0 0.077089783 0
0.06630137 0 0.078503586 0
0.06654836 0 0.079029247 0
0.06722898 0 0.083404742 0
0.06820809 0 0.088034577 0
0.06841612 0

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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Presenter
Presentation Notes
Significance = level of significance = is the result above .05 or below?



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

•

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
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Spearman Rank Statistical Analysis
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Spearman Rank Statistical Analysis
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Spearman Rank Statistical Analysis

The Results

22

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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Contact

Deliverance Bougie
• Senior Statistician
• 317.234.5861
• Dbougie@dlgf.in.gov
• 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!

6



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

 

13





.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.

16





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



23







23



Contact

Deliverance Bougie

Senior Statistician

317.234.5861

Dbougie@dlgf.in.gov

www.in.gov/dlgf 
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Descriptive Statistics.
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Mann-Whitney Test
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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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Hypothesis test

Ho: 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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e p=-1 Perfect negative relationship
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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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