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Tribal-State Relations Acknowledgment Statement

The State of Minnesota is home to 11 federally recognized Indian Tribes with elected Tribal 
government officials. The State of Minnesota acknowledges and supports the unique political 
status of Tribal Nations across Minnesota and their absolute right to existence, self-governance, 
and self-determination. This unique relationship with federally recognized Indian Tribes is 
cemented by the Constitution of the United States, treaties, statutes, case law, and 
agreements. The State of Minnesota and Tribal governments across Minnesota significantly 
benefit from working together, learning from one another, and partnering where possible.

Minnesota Department of Health recognizes, values, and celebrates the vibrant and unique 
relationships between the 11 Tribal Nations and the State of Minnesota. Partnerships formed 
through government-to-government relationships with these Tribes will effectively address 
health disparities and lead to better health outcomes for all of Minnesota.

In our work at the Office of Data Strategy and Interoperability, we demonstrate our 
commitment to Tribal-State relations by providing free assistance upon request and promoting 
health equity in data collection and use.



Purpose of DSI

To provide vision, direction, and leadership in advancing data strategies 
and data exchange across MDH through:

• Coordinating and streamlining the exchange of data with MDH

• Overseeing and supporting state solutions and common tools

• Facilitating efforts to maximize MDH data by creating data and
process standards and tools with the whole Minnesota Public Health 
System in mind
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Vision of DTA

To support data needs for 
ALL staff in:

• MDH

• Local Public Health

• Tribal Health
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Data needs we support: 

• Project planning and design

• Data wrangling and analysis

• Data visualization and report 
preparation

• Data literacy
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10/21/2025 health.state.mn.us 5



Introductory Applied Statistics Overview

• Today we will cover:

• Types of data, summary statistics, and distributions

• Hypothesis testing and P-value

• T-tests, Mann-Whitney U Test, Wilcoxon Signed Rank Test

• ANOVA

• Chi-Squared Test

• Correlation

• Linear Regression
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Types of Quantitative Data

• Continuous data

• Data that can take on any value within a given range, including decimals and fractions (height, weight, 
temperature)

• Might or might not be normally distributed

• We will mostly focus on continuous data today

• Discrete data

• Data that can only take on specific, separate values, typically whole numbers or categories

• Binary data: discrete data with only two possible outcomes (e.g. dear or alive, sick or healthy)

• Counts: whole numbers representing the number of events, patients, hospitals, or anything else that can 
be counted

• Nominal data: data categories with no order (blood type, treatment group)

• Ordinal data: data categories with a particular order (pain scale, survey response categories)
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Summary Statistics

• Summary statistics summarize and provide information about your sample data.

• Summary statistics fall into three main categories:

• Measures of location: where your data is centered at, or where a trend lies

• Mean, median, mode

• Measures of spread or distribution shape: how spread out or varied your data set is

• range, standard deviation, skew and kurtosis

• Graphs/charts: ways to display summary data

• histogram, frequency distribution table, box plot, bar chart, scatter plot and pie 
chart
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Normal Distribution
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https://statsandr.com/blog/do-my-data-follow-a-normal-distribution-a-note-on-the-most-widely-used-distribution-and-how-to-test-for-
normality-in-r/



Skew, Standard Deviation, and Kurtosis
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Various levels of kurtosis with the same sdVarious standard deviations



Non-Normal Distribution
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https://leanscape.io/data-distributions-explained-what-are-the-different-types-of-distribution/



Hypothesis Testing and P-value

• For example, we want to know if the average height between two 
groups of people is different or not

• Null Hypothesis (H0): There is no difference in average height between the 
two groups

• Alternative Hypothesis (HA or H1): There is a difference in average height 
between the two groups

• P-value (probability value) tells us how likely is the difference in 
height that we see if the null hypothesis is true (there is actually no 
difference)

• A commonly accepted P-value for statistical significance is equal to or 
below α = 0.05

• That means that 5% of the time the height difference that you see would 
be there by random chance even if the null hypothesis was true (error rate 
you are willing to accept)

• You are 95% confident that there is a statistical difference in height 
between the groups
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Error Types and Statistical Power

• Type I error: incorrectly reject H0 
when it is true (false positive)

• α is the probability of Type I error

• Type II error: fail to reject H0 
when it is false (false negative)

• β is the probability of Type II error

• Power = 1 − β

• Probability that a test will correctly 
reject the H0

• Visualization to explore: 

• https://rpsychologist.com/d3/nhst/
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https://www.ml-science.com/statistical-power-of-a-test

https://rpsychologist.com/d3/nhst/
https://rpsychologist.com/d3/nhst/
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T-Test

• Compares the means of two groups and tells whether the difference is significant

• Lets you know the likelihood those differences could have happened by random 
chance (P-value)

• Different kinds of t-tests:
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• A two tailed t-test checks 
whether there is a general 
difference between two 
groups. 

• A one tailed t-test checks 
whether one group is 
specifically larger or smaller 
(has a direction) T-tests were first developed to test the consistency Guiness beer!



T-Test Assumptions

• Assumptions are extremely important in statistics! Tests are only valid when all 
the assumptions are met.

• The data is numeric and continuous

• The data comes from a random, representative sample

• The data is normally distributed

• To formally test for normality, you can use the Shapiro-Wilks test. A p-value <0.05 suggests that the data is 
not normally distributed

• The variance of data in both groups is approximately equal

• The data in two groups is independent from each other (only relevant for the non-paired 
tests)

• What if we can’t meet some of those assumptions?
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Mann-Whitney U-Test

• If the data isn’t normally distributed, you can use the 
Mann-Whitney U-Test

• The independent t-test counterpart for data that is 
not normally distributed.

• Tests that require assumptions about data 
distributions are called parametric. Tests that do not 
are called nonparametric.

• Instead of comparing groups directly, the test 
ranks everyone in both groups from shortest 
to tallest, sums the ranks in both groups, 
and compares this rank sum between the groups.
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https://datatab.net/tutorial/mann-whitney-u-test
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Wilcoxon Signed Rank Test  

• What if the data is not normally distributed but is paired?

• Use the Wilcoxon Signed Rank Test, the nonparametric counterpart to the paired t-test

• Works just like the Mann-Whitney u-Test by comparing rank sums

• There are more types of tests for different situations, but these are some of 
the most common when comparing two groups or one sample group and the 
general population.

• What if you want to compare more than two groups at a time?
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ANOVA

•Analysis of Variance (ANOVA) can be used to compare the 
means of more than two groups at a time

•One-way ANOVA compares one variable across multiple 
categories

  Example: Average disease duration in three cohorts receiving different 
treatment

•Two-way ANOVA compares two variables across multiple 
categories, as well as their interaction

  Example: Average disease duration in three cohorts receiving different 
treatment and  accounting for patient sex
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Men Women

Cohort 1 9 days 10.2 days

Cohort 2 7.2 days 7.0 days

Cohort 3 5.6 days 4.8 days



Statistical Test Decision Tree
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Chaudy, Yaelle. (2015). An Assessment and Learning Analytics Engine for Games-based Learning. 
10.13140/RG.2.1.4932.5040.



Chi-Square Test

• If your data isn’t continuous but is instead categorical, 
you can use the Chi-Square test

• Example: we want to tell whether out of a sample of 300 
people, diabetes rates are different between men and women

• H0: Diabetes rate are the same

• HA: Diabetes rate are different

• Assumptions:

• Both datasets are categorial

• Observations are independent

• Each category (cell in the table) is mutually exclusive

• Each value in the cell should be 5 or greater
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Diabetes
No 

Diabetes Total

Men 43 114 157

Women 34 109 143

Total 77 223 300



Correlation

• Correlation describes the linear relationships between quantitative variables.

• Pearson correlation coefficient formulas (often shown as "r") are used to find the 
strength of a relationship between two normally distributed continuous variables. The 
formula returns a value between -1 and 1, where:

• 1 indicates a strong positive relationship.

• -1 indicates a strong negative relationship.

• A result of zero indicates no relationship at all.

• Spearman correlation is used for data that is not normally distributed, is non-
linear, or has significant outliers. Like other non-parametric alternative tests, it is 
based on rank rather than raw values
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Correlation Visual Examples
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Correlation is not Causation

• Correlation is not causation! just because two things correlate does not 
necessarily mean that one causes the other.
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Palmer Penguin Dataset
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• Now let’s look how these kinds of tests can be run in R

• This data was collected between 2007 and 2009 on the Palmer 
archipelago in the Antarctic

• https://journal.r-project.org/articles/RJ-2022-020/

https://journal.r-project.org/articles/RJ-2022-020/
https://journal.r-project.org/articles/RJ-2022-020/
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Regression Analysis

• Regression analysis provides you with an equation for a graph so that you can 
make predictions or draw insight about your data.

• Simple regression analysis uses a single x variable for each dependent “y” 
variable.

• Multiple regression analysis is used to see if there is 
a statistically  significant relationship between sets of variables. It’s used to 
find trends in those sets of data.

• Regression is often more powerful and flexible than many other statistical 
tests and is a staple of statistical analysis
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Linear Regression
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• Linear regression equation: 

• y – dependent variable

• x – independent variable

• b1 – slope

• b0 – intercept

• ε – the error term that represents all the variation in y that the model cannot explain

• Linear regression error term is normally distributed

• 0 – the mean of the normal distribution

• σ2 – standard deviation squared, also known as variance

• Linear regression visualization: https://ryansafner.shinyapps.io/ols_estimation_by_min_sse/

https://ryansafner.shinyapps.io/ols_estimation_by_min_sse/


Linear Regression Assumptions

• The dependent variable (outcome) is continuous 

• The relationship between predictors (x) and outcome (y) is linear

• The residuals of the regression (differences between observed and estimated values) are 
normally distributed 

• Note that the data itself does not have to be normally distributed

• No multicollinearity: independent variables should not correlate with each other more than 
~0.8

• Homoscedasticity: the variance of the errors is constant across all levels of the independent 
variable

• Error terms are independent of each other

10/22/2025 27



Linear Regression Assumptions
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https://www.geeksforgeeks.org/machine-learning/assumptions-of-linear-
regression/



Multiple Linear Regression
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Consider a hypothetical situation 
evaluating BMI and Calorie Intake.

Multiple R squared value (a 
statistic to help assess the wellness 
of the regression fit) in this case 
was 0.12 , so caloric intake alone 
does not predict BMI well.

What other variables could 
influence BMI? Perhaps activity 
level and gender?



Multiple Linear Regression
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The equation for this would be:

What can be said about active 
and inactive populations as it 
relates to gender, calorie intake, 
and BMI?

Solving this work by hand is very 
tedious, so we will use R

Many additional variables can be 
added into the equation to 
improve the model outcome



Exploring the Palmer Penguin Data
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• Number of penguins by sex and species



Exploring the Palmer Penguin Data
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Exploring the Palmer Penguin Data
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The relationship between penguin bill length, body mass, species, and sex 



Linear Regression Interpretation 1
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Exploring the Palmer Penguin Data
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Which species should serve as the reference category for the regressions? 



Linear Regression Interpretation 2
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Linear Regression Interpretation 3
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Bill Length by Species and Sex
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Linear Regression Interpretation 4
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Exploring the Palmer Penguin Data
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Is it possible that the difference in the bill 
length between females and males varies by 
species?



Linear Regression Interpretation 5
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Species, Body Mass, and Bill Length
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Linear Regression Interpretation 6
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Species, Body Mass, and Bill Length
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Species, Body Mass, and Bill Length Plotted Together
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Linear Regression Interpretation 7
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Species, Body Mass, and Bill Length separated by Sex
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Questions?
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