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PURPOSE OF THIS BOOK A PYTHON COMPANION TO EXTENSION PROGRAM EVALUATION

Purpose of This Book

Goals of this book

The goal of this book is to serve as companion piece to Summary and Analysis of Program Evaluation in
R (SAEPER) (rcompanion.org/handbook/), replicating the examples in Python.

For discussion, assumptions, and alternative options for analyses, visit the SAEPER book.

This book will use base Python and several common libraries for data wrangling and statistical
analysis like pandas and SciPy, common libraries for data operations like io, and common libraries for
producing plots like seaborn and Matplotlib.

References
Mangiafico, S.S. 2016. Summary and Analysis of Extension Program Evaluation in R, revised

2024. rcompanion.org/documents/RHandbookProgramEvaluation.pdf. Web version:
rcompanion.org/handbook/.

Other material in SAEPER
Some other topics not included in this book can be found in SAEPER:
Introduction

e Statistics textbooks and other resources, rcompanion.org/handbook/A 04.html

Statistics for Educational Program Evaluation

e Why Statistics?, rcompanion.org/handbook/B 01.html

e Evaluation Tools and Surveys, rcompanion.org/handbook/B 02.html

Understanding Statistics and Hypothesis Testing

» Hypothesis Testing and p-values, rcompanion.org/handbook/D 01.html

e Reporting Results of Data and Analyses, rcompanion.org/handbook/D 02.html

e Choosing a Statistical Test, rcompanion.org/handbook/D 03.html

e Independent and Paired Values, rcompanion.org/handbook/D 04.html

Likert Item Data


https://rcompanion.org/handbook/
http://rcompanion.org/documents/RHandbookProgramEvaluation.pdf
http://rcompanion.org/handbook/
https://rcompanion.org/handbook/A_04.html
https://rcompanion.org/handbook/B_01.html
https://rcompanion.org/handbook/B_02.html
https://rcompanion.org/handbook/D_01.html
https://rcompanion.org/handbook/D_02.html
https://rcompanion.org/handbook/D_03.html
https://rcompanion.org/handbook/D_04.html
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e Introduction to Likert Item Data, rcompanion.org/handbook/E 01.html

Traditional Nonparametric Tests

¢ Introduction to Traditional Nonparametric Tests, rcompanion.org/handbook/F 01.html

Author of this Book

[ am neither a statistician nor a Python programmer, so all advice and code in this book comes without
guarantee.

I am happy to accept corrections or suggestions. Send correspondence to
mangiafico@njaes.rutgers.edu.

Using Python

Python and statistical analysis

Python is a programming language that is free to install, and is available for Windows, Linux, Mac, and
other operating systems. It is increasingly used for data analysis and statistical procedures.

Base Python is a general purpose programming language, and so isn’t designed specifically for
conducting statistical analysis. Luckily there are a variety of packages and libraries designed for
handling data and conducting statistical analyses.

The package pandas can be used to create and manipulate data frames. Numpy is used to perform
mathematical operations on arrays and matrixes. SciPy conducts common statistical analyses, and
statsmodels fits common statistical models and analyses using pandas data frames. There are many
other packages available for specific purposes.

Getting Started with Python

It can be a little cumbersome for a beginner to get Python installed, install an Integrated Development
Environment (IDE), and install the libraries you want to use.

One approach is to install a software package that includes an IDE and the packages and libraries you
are likely to need. Anaconda and WinPython are two software packages that are relatively easy to

install and allow the user to get started quickly.

Portable installation
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WinPython allows for portable installation on Windows machines. This means that the entirety of the
software can be installed in a specified folder or on an external usb drive. At the time of writing, an
installation of WinPython used about 5 gigabytes of space.

Using Python online

There are websites on which you can run Python in an online environment. Unfortunately, at the time
of writing, many do not allow for the importation of packages that are used for statistical analysis.

One site I've found that is easy to use and allows for the easy importation of common packages is replit
(replit.com/languages/python3). At the time of writing, it appears that you do need to create an
account to create and run Python code. Common packages can be imported with a simple import call
in the code.

Integrated Development Environments
Most users will want to run Python scripts using an integrated development environment (IDE).
There are a variety of IDE’s available for use with Python. IDE’s supply the user with an interface

where it is easy to write, debug, and run code, and to view the results.

There are several common IDE’s used with Python, and there are strong supporters of each. Common
IDE’s include Spyder, PyCharm, VS Code, and RStudio.

Using the Spyder environment

In my opinion, Spyder is a good choice for beginners. Conveniently, it is included with both Anaconda
and WinPython.

In Spyder, program code can be written and edited in the upper left Editor pane. Code in the Editor
pane can be run in small chunks by selecting the code and using the Run selected button. Code can be

saved as an .py file, and those files can subsequently be opened with Spyder.

Code can be pasted into the Editor pane from a text file or website, and .py files can be opened with a
plain text editor.

The results are reported in the Console pane on the lower right.
The upper right pane has a small sub menu, at the bottom of that pane, that allows the user to choose if
the pane displays Help, Variable Explorer, Plots, or Files. You may need to select Plots to see the plots

produced by the Python script. And you may need to enable displaying plots with View > Panes > Plots.

Plots can be saved as .png files, but you may want to use code to output plots as a .pdf file for better
resolution.

Packages and Libraries
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The terms “package” and “library” in Python can be confusing. In Python lingo, a package is a
collection of modules—and modules are a collection of functions and associated items. A library is just
a collection of packages. For example, this book will use the package stats, which is contained in the
SciPy library.

Package installation and updating

If packages are already installed, they can be imported simply with calls in the Python code like:

import pandas as pd

import scipy.stats as stats

The installation of additional packages and libraries will depend on how Python and the IDE was
installed.

WinPython

For WinPython, to install additional packages you can use WinPython Command Prompt.exe in the
installed WinPython folder, and call:

pip install packagename
where packagename is the name of the package you wish to install.

You can also update included packages using WinPython Command Prompt.exe:

pip install --upgrade packagename
Anaconda

Anaconda has its own package installation call, from the terminal. On Windows, this may be called
Anaconda Prompt, and may be found in the Programs > Anaconda folder.

conda install packagename
And you can also use pip install.
Other installations

For other installations in Windows, the Windows terminal is used.

Package versions

The Python version can be displayed with the sys package.

import sys
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print(sys.version)

3.12.4

Many packages have the __version__ attribute, which contains the version of the package.
import pandas as pd
print(pd.__version_ )

2.2.2

import scipy
print(scipy.__version_ )

1.13.1

Inputting Data and Using Installed Packages

The following examples will show options for inputting data in Python and will use some common
packages.

For these examples, your Python installation should have access to io, pandas, and SciPi.
Inputting data as lists and creating a pandas data frame

This example creates variables Score and Student as lists and then combines them into a pandas data
frame called Data.

pandas .describe() is used to summarize the data frame by Student.

A Kruskal-Wallis test is then conducted with SciPy stats. At this point, you don’t need to worry about
why you might conduct a Kruskal-Wallis test or what the results mean. The point is just to test that
you can use the SciPy library, and see how data in a data frame can be manipulated to pass to the
kruskal function as an example.

Remember to run only the blue (and green) code. The purple code is the (truncated) output Python
should produce. Code in green are comments that can be run, but don’t produce output.

import pandas as pd

Score [1e, 9, 8, 7, 7, 8, 9, 10, 6, 5, 4, 9, 10, 9, 10]
Student ["Bugs", "Bugs", "Bugs", "Bugs","Bugs",
"Daffy", "Daffy", "Daffy", "Daffy", "Daffy",
"Taz", "Taz", "Taz", "Taz", "Taz"]

Data = pd.DataFrame(
{'Student': Student,
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'Score': Score})
print(Data)

Student Score

0 Bugs 10
1 Bugs 9
2 Bugs 8
3 Bugs 7
4 Bugs 7
5 Daffy 8
6 Daffy 9
7 Daffy 10
8 Daffy 6
9 Daffy 5
10 Taz 4
11 Taz 9
12 Taz 10
13 Taz 9
14 Taz 10

print(Data.info())
#  Column Non-Null Count Dtype
© Student 15 non-null object

1 Score 15 non-null int64

Summary = Data.groupby('Student').describe()

print(Summary)
Score
count mean std min 25% 50% 75% max
Student
Bugs 5.0 8.2 1.303840 7.0 7.0 8.0 9.0 10.0
Daffy 5.0 7.6 2.073644 5.0 6.0 8.0 9.0 10.0
Taz 5.0 8.4 2.509980 4.0 9.0 9.0 10.0 10.0

### Define BugsScore as the Score for Bugs, and so on

BugsScore = Data['Score’][Data['Student’']=="Bugs"]
DaffyScore = Data['Score'][Data['Student’']=="Daffy"]
TazScore = Data['Score'][Data['Student']=="Taz"]
print(BugsScore)

0 10

1 9

2 8

3 7

4 7
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### Conduct Kruskal-Wallis test
from scipy.stats import kruskal
ChiSquare, pValue = kruskal(BugsScore, DaffyScore, TazScore)

print("Chi-square:", round(ChiSquare, 4))
print("p-value:", round(pValue, 4))

Chi-square: 0.8483
p-value: 0.6543

Inputting data as data lines and creating a pandas data frame

The following example reads a data frame from a text object using io. The result is a pandas data
frame.

import io
import pandas as pd
TwoCats = pd.read_table(sep="\\s+", filepath_or_buffer=io.StringIO("""

Cat Score
"Leo Verdura"
"Leo Verdura"
"Leo Verdura"
"Leo Verdura"
"Leo Verdura"
"Leo Verdura"
"Katya" 1
"Katya"

"Katya"

"Katya"

"Katya"

"Katya"

"""

print(TwoCats.info())

(o]

NN WWO® 000 0 0

#  Column Non-Null Count Dtype

0 Cat 12 non-null object
1 Score 12 non-null int64

Summary = TwoCats.groupby('Cat').describe()

print(Summary)
Score
count mean std min 25% 50% 75% max
Cat
Katya 6.0 8.333333 1.21106 7.0 7.25 8.5 9.0 10.0
Leo Verdura 6.0 8.000000 0©0.00000 8.0 8.00 8.0 8.0 8.0

7
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Importing data as a .csv file

The following example reads a data frame, TwoTowns, a .csv file, from the internet. This is
hypothetical data.

You can also read .csv files from a local file on your computer.

import pandas as pd

TwoTowns = pd.read_csv('http://rcompanion.org/documents/TwoTowns.csv")
print(TwoTowns)

Town Income

0 Town.A 46284
1 Town.A 54467
2 Town.A 44532
3 Town.A 41384
4 Town.A 39621
197 Town.B 99372
198 Town.B 108216
199 Town.B 38107
200 Town.B 40726
201 Town.B 33557

print(TwoTowns.info())
#  Column Non-Null Count Dtype
© Town 202 non-null object

1 Income 202 non-null int64

Summary = TwoTowns.groupby('Town').describe()

print(Summary)
Income ce
count mean std ... 50% 75% max
Town ce
Town.A 101.0  48146.425743 10851.668480 ... 48007.0 56421.0 77774.0
Town.B 101.0 115275.217822 163878.164535 ... 47223.0 108216.0 880027.0

Because the output is little difficult to read, and some collumns are omitted, we can clean up the
output.

One option is to increase the collumns that will be displayed, and round the values.

pd.set_option('display.max_columns', None)
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print(round(Summary))
pd.reset_option('display.max_columns")
Income
count mean std min 25% 50% 75% max
Town

Town.A 101.0  48146.0 10852.0 23557.0 40971.0 48007.0 56421.0 77774.90
Town.B 101.0 115275.0 163878.0 29050.0 34142.0 47223.0 108216.0 880027.0

For this data, another option is convert the data frame to integer values.

SummaryInt = Summary.astype('int')

print(SummaryInt)
Income
count mean std min 25% 50% 75% max
Town

Town.A 101 48146 10851 23557 40971 48007 56421 77774
Town.B 101 115275 163878 29050 34142 47223 108216 880027

The following example reads a data frame, Greenwich, which is a .csv file, from the internet. This file
contains river stage measurements for Greenwich, NJ.

import pandas as pd
Greenwich = pd.read_csv('http://rcompanion.org/documents/Greenwich.csv")
print(Greenwich)

Agency Station Parameter TS_ID Year Month Stage

0 USGS 1413038 65 97255 2000 4 0.297
1 USGS 1413038 65 97255 2000 5 0.219
2 USGS 1413038 65 97255 2000 6 0.055
3 USGS 1413038 65 97255 2000 7 0.260
4 USGS 1413038 65 97255 2000 8 0.293
166 USGS 1413038 65 97255 2014 5 0.300
167 USGS 1413038 65 97255 2014 6 0.401
168 USGS 1413038 65 97255 2014 7 0.172
169 USGS 1413038 65 97255 2014 8 0.456
170 USGS 1413038 65 97255 2014 9 0.492

print(Greenwich.info())

# # Column Non-Null Count Dtype
H--- —m-eeee | emmmme e mmmmees mem-a
# 0 Agency 171 non-null object
# 1 Station 171 non-null inte4
# 2 Parameter 171 non-null inte64
# 3 TS_ID 171 non-null inte4
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# 4 Year 171 non-null inte4
# 5 Month 171 non-null inte4
# 6  Stage 165 non-null float64

Note that there are only 165 non-null observations for Stage. In the .csv file, six observations for Stage
were NA values. pandas reads in these values as nan, which indicates a missing value.

We can get some summary statistics for the Stage variable.
SummaryStage = Greenwich['Stage'].describe()
print(SummaryStage)

count 165.000000

mean -0.000139
std 0.325459
min -0.806000
25% -0.265000
50% 0.037000
75% 0.263000
max 0.738000

Or we get summary statistics by Year for Stage.

SummaryYear = Greenwich[['Year', 'Stage']].groupby('Year').describe()

print(SummaryYear)

Stage

count mean std min 25% 50% 75% max
Year
2000 9.0 0.102556 0.261075 -0.523 0.05500 0.2190 0.26100 0.297
2001 12.0 0.005417 0.245176 -0.465 -0.12350 0.0145 0.18675 0.412
2002 12.0 -0.064750 0.329312 -0.522 -0.27600 -0.1625 0.19225 0.448
2003 10.0 0.074100 0.313308 -0.534 -0.09625 0.1660 0.32750 0.391
2004 11.0 -0.093000 0.300690 -0.419 -0.35450 -0.0990 0.06850 0.432
2005 12.0 0.007917 ©.305198 -0.603 -0.17175 ©0.1320 0.24450 0.364
2006 12.0 -0.125167 ©.338153 -0.623 -0.45325 -0.0865 0.12625 0.446
2007 12.0 -0.222083 0.291447 -0.731 -0.34725 -0.2110 ©0.00700 0.113
2008 12.0 -0.183167 ©0.338389 -0.806 -0.42700 -0.0725 0.01325 0.277
2009 12.0 -0.015917 0.432449 -0.802 -0.25675 -0.0110 0.36550 0.510
2010 12.0 0.056583 0.216794 -0.323 0.00350 0.0410 0.17150 0.393
2011 6.0 0.200333 0.404347 -0.350 -0.06750 0.2170 0.46100 0.738
2012 12.0 0.194417 0.296182 -0.355 0.05975 0.2585 0.42000 0.581
2013 12.0 0.082500 0.315971 -0.330 -0.27125 0.1150 0.35025 0.536
2014 9.0 0.145000 0.309832 -0.408 -0.13200 ©0.1720 0.40100 0.492

Exporting Plots as .png or .pdf Files

Setting the working directory

import os
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print(os.getcwd())

C:\Users\Sal Mangiafico

os.chdir("C:/Users/Sal Mangiafico/Desktop")

print(os.getcwd())

C:\Users\Sal Mangiafico\Desktop

Exporting plot files
import pandas as pd

Rating

Steps

A PYTHON COMPANION TO EXTENSION PROGRAM EVALUATION

pd.array([7,10,9,5,4,8,6,5,10,8,7,8,8,9,5,9,6,10,10,8,7,7,8,10,7,7])

pd.array([8000,9000,10000,7000,6000,8000,7000,5000,9000,7000,8000,8000, 8000,

7000, 6000, 8000, 7000, 10000, 9000, 8000, 8000, 6000, 6000, 8000, 7000, 70001 )

Data = pd.DataFrame(
{'Rating': Rating,
'Steps': Steps})
print(Data.info())
#  Column Non-Null Count Dtype
@ Rating 26 non-null Int64
1 Steps 26 non-null Int64
dtypes: Int64(2)

import seaborn as sns

import matplotlib.pyplot as plt

Set figure dimensions, plot a scatterplot with seaborn, and save figure as .png.

plt.figure(figsize=(6,4))

sns.scatterplot(data=Data, x='Steps', y='Rating')

plt.savefig('StepsRatingPlot.png', format='png', dpi=300)

plt.show()

Plot a scatterplot with seaborn, and save figure as .pdf.

sns.scatterplot(data=Data, x='Steps', y='Rating')

plt.savefig('StepsRatingPlot.pdf', format='pdf')
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plt.show()

Plot a scatterplot with matplotlib, and save figure as .png.
plt.figure(figsize=(6,4))
plt.scatter(data=Data, x='Steps', y='Rating')
plt.savefig('StepsRatingPlot2.png', format="png', dpi=300)

plt.show()

Plot a scatterplot with matplotlib, and save figure as .pdf.
plt.scatter(data=Data, x='Steps', y='Rating')
plt.savefig('StepsRatingPlot2.pdf', format="pdf')

plt.show()
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NumPy: The fundamental package for scientific computing with Python. numpy.org/.

pandas. pandas.pydata.org/.

Python Software Foundation. www.python.org/.

Python - tutorial. docs.python.org/3/tutorial/index.html.

replit. replit.com/languages/python3.

SciPy. scipy.org/.

statsmodels. www.statsmodels.org/stable/index.html.

W3 Schools - pandas. www.w3schools.com/python/pandas/default.asp.

W3 Schools - Python. www.w3schools.com/python/default.asp.

W3 Schools - SciPy. www.w3schools.com/python/scipy/index.php.

12


https://docs.python.org/3/library/io.html
https://matplotlib.org/
https://numpy.org/
https://pandas.pydata.org/
http://www.python.org/
https://docs.python.org/3/tutorial/index.html
https://replit.com/languages/python3
https://scipy.org/
http://www.statsmodels.org/stable/index.html
http://www.w3schools.com/python/pandas/default.asp
http://www.w3schools.com/python/default.asp
http://www.w3schools.com/python/scipy/index.php

TYPES OF VARIABLES A PYTHON COMPANION TO EXTENSION PROGRAM EVALUATION

Types of Variables

Types of variables in SAEPER

For a discussion of the following topics, see the corresponding chapter in Summary and Analysis of
Extension Program Evaluation in R (rcompanion.org/handbook/C 01.html).

 Organizing data-observations and variables
 Types of variables

 Long-format and wide-format data

e Nominal, ordinal, and interval/ratio data

¢ Discrete and continuous variables

¢ Levels of measurement.

Importing packages in this chapter

The following commands will import required packages used in this chapter from libraries and assign
them common aliases. You may need install these libraries first.

import io

import pandas as pd

Types of variables in Python

Python does not use the terms nominal, ordinal, and interval/ratio for types of variables.
Base Python

Types of variables in base Python include, but are not limited to, numbers, strings, and lists.

Numbers can include integers and floating-point values.
Rating = -3
print(type(Rating))

<class 'int'>

Temperature = 12.5
print(type(Temperature))

<class 'float'>
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Strings contain text. Python allows for manipulation of text data, but this topic won’t be investigated
here.

Instructor = 'Louise Belcher'
print(type(Instructor))

<class 'str'>

Lists can contain different kinds of values, and the individual elements can be examined. Note that the
first element in a list is referenced with an index value of 0.

Dayl = ["Beginner course", 12, 22.4]
print(Dayl[e@])

Beginner course

print(type(Dayl[@]))

<class 'str'>

print(Dayl[1])

12

print(type(Dayl[1]))

<class 'int'>

pandas data types
The pandas package implements additional data types, which will be useful for data analysis tasks.

Data can be entered as a list of values and then converted to a pandas array. pandas arrays have a
designator dtype to indicate the type of data in the array.

Nominal data

In pandas, nominal data can be of the types string or category. In a data frame, string or mixed data
will be designated as object type.

Category variables are similar to factor variables in R. They contain a limited number of unique values,
and the levels can be ordered. It may be necessary to identify variables as category variables when
they are passed to certain functions for plotting or statistical analysis.

ColorsList = ['Red', 'Red', 'Green', 'Green', 'Blue']
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### Convert the list to category data
Colors = pd.Categorical(ColorsList)
print(Colors)
['Red', 'Red', 'Green', 'Green', 'Blue']
Categories (3, object): ['Blue', 'Green', 'Red']
### Note that the array has three categories: Blue, Green, and Red.

### Python has alphabetized the categories.

The order of the categories can be changed. This is useful to get category results in the desired order
for statistical analyses and plots. Note that the order of the actual data isn’t changed.

ColorsList = ['Red', 'Red', 'Green', 'Green', 'Blue']

Colors = pd.Categorical(ColorslList,
categories =['Red', 'Green', "Blue"])

print(Colors.categories)

Index(['Red', 'Green', 'Blue'], dtype='object')

print(Colors)
['Red', 'Red', 'Green', 'Green', 'Blue']

Categories (3, object): ['Red', 'Green', 'Blue']

We can also change the names of the categories.
Colors = Colors.rename_categories(['Rojo', 'Verde', "Azul"])
print(Colors)
['Rojo', 'Rojo', 'Verde', 'Verde', 'Azul']

Categories (3, object): ['Rojo', 'Verde', 'Azul']

Numeric data

Interval/ratio data can be coded as variables with integer or floating-point classes. The following
example uses integer data.

BugCountList = [1, 2, 3, 4, 5]

BugCount = pd.to_numeric(BugCountList)
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print(BugCount)

[12345]

print(BugCount.dtype)

inte4

Mathematical operations can be performed on arrays.

BugCountSquared = BugCount ** 2
print(BugCountSquared)

[1 4 9 16 25]

The following example uses floating point data.

BugTemperatureList = [12.5, 13.6, 11.9, 9.4, 11.6]
BugTemperature = pd.to_numeric(BugTemperaturelList)
print(BugTemperature)

[ 12.5 13.6 11.9 9.4 11.6 ]

print(BugTemperature.dtype)

float64

BugTemperatureF = BugTemperature * 9/5 + 32
print(BugTemperatureF)

[ 54.5 56.48 53.42 48.92 52.88 ]

Ordinal data

We can code ordinal data as either numeric or category variables, depending on how we will be
summarizing, plotting, and analyzing them.

Dragons = pd.read_table(sep="\\s+", filepath_or_buffer=io.StringIO("""

Tribe Length.m SizeRank
IcelWings 6.4 1
MudWings 6.1 2
SealWings 5.8 3
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SkyWings 5.5 4

NightWings 5.2 5

RainWings 4.9 6

SandWings 4.6 7

Illlll))

print(Dragons.info())
# Column Non-Null Count Dtype
@ Tribe 7 non-null object
1 Length.m 7 non-null float64
2 SizeRank 7 non-null int64

The variable SizeRank was read as an integer variable. As an ordinal variable, it can be converted to a
category variable, which may be useful with some types of summary and analysis.

Likewise, as Tribe was read as an object variable, we will convert it to a category variable.

Dragons[ 'SizeRank"] Dragons['SizeRank'].astype('category"')

Dragons['Tribe"] Dragons['Tribe'].astype('category')

print(Dragons.info())

# # Column Non-Null Count Dtype

femm  mmmmee mmmmmmmmmmmmme mmm-

# 0 Tribe 7 non-null category

# 1 Length.m 7 non-null float64

# 2 SizeRank 7 non-null category
References

Rouxzee. 2014. Wings of Fire: How Big are the Dragons? Diviantart.com. (Since deactivated.)

Descriptive Statistics

Descriptive statistics in SAEPER

For a discussion of various descriptive statistics, see the corresponding chapter in Summary and

Analysis of Extension Program Evaluation in R (rcompanion.org/handbook/C 02.html).
Importing packages in this chapter

The following commands will import required packages used in this chapter from libraries and assign
them common aliases. You may need install these libraries first.
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import io
import numpy as np
import scipy.stats as stats
import pandas as pd
import scipy.stats.mstats as mstats

from pandas.api.types import CategoricalDtype

Descriptive statistics for interval /ratio data

For this example, imagine that Ren and Stimpy have each held eight workshops educating the public
about water conservation at home. They are interested in how many people showed up to the
workshops.

Data = pd.read_table(sep="\\s+", filepath_or_buffer=io.StringIO("""

Instructor Location Attendees

Ren North 7
Ren North 22
Ren North 6
Ren North 15
Ren South 12
Ren South 13
Ren South 14
Ren South 16
Stimpy North 18
Stimpy North 17
Stimpy North 15
Stimpy North 9
Stimpy South 15
Stimpy South 11
Stimpy South 19
Stimpy South 23
"))

### Convert Instructor and Location to category type

Data[ 'Instructor']

Data[ "Instructor'].astype('category"')

Data[ 'Location'] Data[ 'Location'].astype('category')

### Display some summary statistics for the data frame

print(Data.info())

#  Column Non-Null Count Dtype
(%] Instructor 16 non-null category
1 Location 16 non-null category
2 Attendees 16 non-null int64
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print(Data.describe())

Attendees
count 16.000000
mean 14.500000
std 4.830459
min 6.000000
25% 11.750000
50% 15.000000
75% 17.250000
max 23.000000

print(Data.describe(include="category'))

Instructor Location

count 16 16
unique 2 2
top Ren North
freq 8 8

Functions for sum and count

For a pandas data frame, the sum of a variable can be found with the sum function, and the number of
observations can be found with the count function.

Because the data are housed in a data frame, we can use the convention Data['Attendees’] to access the
variable Attendees within the data frame Data.

Data[ 'Attendees'].sum()

232

Data[ 'Attendees'].count()

16

Statistics of location for interval/ratio data
Mean

The mean is simply the sum of the values divided by the number of values.
Data[ 'Attendees'].sum() / Data[ 'Attendees'].count()

14.5

The mean function in pandas will return the mean.
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Data[ 'Attendees'].mean()

14.5

Here, with skewed income data, the mean may not be the best representative of the center of the data.
IncomelList = [49000, 44000, 25000, 18000, 32000, 47000, 37000, 45000, 36000, 2000000 ]
Income = pd.Series(IncomelList)

Income.mean()

233300.0

Median

The pandas package can also calculate the median for a variable in a data frame or for an array.
Data[ 'Attendees'].median()

15.0

For individual arrays, we can use pd.Series to define the array.
Attendees2 = pd.Series([7, 22, 6, 15, 12, 13, 14, 16, 18, 17, 15, 9, 15, 11, 19, 1000])
Attendees2.median()

15.0

In the following example, we’ll change Stimpy’s last Attendees value from 23 to 1000 to show that this
doesn’t affect the median.

Attendees2 = pd.Series([7, 22, 6, 15, 12, 13, 14, 16, 18, 17, 15, 9, 15, 11, 19, 1000])
Attendees2.median()

15.0

The median income for the town discussed above is $40,500. Half the families in the town have an
income above this amount, and half have an income below this amount. Note that this differs
considerably from the mean calculated above.

Income = pd.Series(
[49000, 44000, 25000, 18000, 32000, 47000, 37000, 45000, 36000, 2000000])

Income.median()

40500.0
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Mode

For our Ren and Stimpy example, the value 15 occurs three times in Attendees and so is the mode.
Data[ 'Attendees'].mode()

15

Statistics of variation for interval/ratio data

Standard deviation

Data[ 'Attendees'].std()

4.83045891539648

Income = pd.Series([49000, 44000, 25000, 18000, 32000, 47000, 37000, 45000, 36000, 2000000])
Income.std()

620834.5727056981

Median absolute deviation

Median absolute deviation for variable in a data frame or for an array can be calculated using the stats
package from the SciPy module. The scale option is used to adjust the result. For example to return a
result that is similar to the standard deviation for normal samples. scale="normal’ is equivalent to
scale= 0.67449.

stats.median_abs_deviation(Data[ 'Attendees'], scale='normal')

4.447805008228439

stats.median_abs_deviation(Data[ 'Attendees'])

3.0

Income = pd.Series([49000, 44000, 25000, 18000, 32000, 47000, 37000, 45000, 36000, 2000000])
stats.median_abs_deviation(Income, scale='normal')

11119.512520571097

stats.median_abs_deviation(Income)

7500.0

21



DESCRIPTIVE STATISTICS A PYTHON COMPANION TO EXTENSION PROGRAM EVALUATION

Standard error of the mean

The standard error of the mean can be calculated as the standard deviation divided by the square root
of the number of observations. It can also be calculated with SciPy stats.

SD = Data[ 'Attendees'].std()
Length = Data[ 'Attendees'].count()
print(SD / np.sqrt(Length))

1.20761472884912

stats.sem(Data[ "Attendees'])

1.20761472884912

Five-number summary, quartiles, percentiles

The five-number summary, consisting of the minimum, 25t percentile, median, 75t percentile, and
maximum, can be calculated with the describe function in pandas.

Summary = Data[ 'Attendees'].describe()
print(Summary)

count 16.000000

mean 14.500000
std 4.,830459
min 6.000000
25% 11.750000
50% 15.000000
75% 17.250000
max 23.000000

Quantiles can also be calculated with the quantile function in pandas and with the quantile function in
NumPy. The function in NumPy has more options for estimation methods for quantiles.

Data[ 'Attendees'].quantile(©@.25)
11.75

###t Note that the default method matches the result from the default in R.

Data[ 'Attendees'].quantile(@.25, interpolation='midpoint"')
11.5

### In this case the 'midpoint' option reports the midpoint between 11 and 12,
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###  the 4t and 5th observations when Attendees is sorted.

np.quantile(Data[ 'Attendees'], ©.25)

11.75

np.quantile(Data[ 'Attendees'], 0.25, method="midpoint"')

11.5

Calculate the 95t percentile.
Data[ 'Attendees'].quantile(0.95)

22.25

Statistics for grouped interval/ratio data

Continuing to examine the Ren and Stimpy data, summary statistics by group and by combination of
groups can be obtained with the describe and groupby functions in pandas.

Summary = Data.groupby('Instructor')['Attendees'].describe()

print(Summary)
count mean std min 25% 50% 75% max

Instructor
Ren 8.0 13.125 5.083236 6.0 10.75 13.5 15.25 22.0
Stimpy 8.0 15.875 4.454131 9.0 14.00 16.0 18.25 23.0

Summary2 = Data.groupby(['Instructor', 'Location'])['Attendees'].describe()

print(Summary2)
count mean std min 25% 50% 75% max
Instructor Location
Ren North 4.0 12.50 7.505553 6.0 6.75 11.0 16.75 22.0
South 4.0 13.75 1.707825 12.0 12.75 13.5 14.50 16.0
Stimpy North 4.0 14.75 4.031129 9.0 13.50 16.0 17.25 18.0
South 4.0 17.00 5.163978 11.0 14.00 17.0 20.00 23.0

Adding variables to a data frame

For this example, we can add the standard error of the mean to summary statistics of the grouped
data.

Summary2['sem'] = Summary2['std'] / np.sqrt(Summary2['count'])

print(Summary2)
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count mean std ... 75% max sem

Instructor Location e
Ren North 4.0 12.50 7.505553 ... 16.75 22.9 3.752777
South 4.0 13.75 1.707825 ... 14.50 16.0 0.853913
Stimpy North 4.0 14.75 4.031129 ... 17.25 18.0 2.015564
South 4.0 17.00 5.163978 ... 20.00 23.0 2.581989

Other statistics for grouped variables

The groupby function in pandas can be used to calculate summary statistics not included in describe.
Here, the 95t percentile is calculated for each combination of Instructor and Location.

Summary3 = Data.groupby(['Instructor', 'Location'])['Attendees'].quantile(0.95)
print(Summary3)

Instructor Location

Ren North 20.95
South 15.70
Stimpy North 17.85
South 22.40

Summary3 in this case a series in pandas. We can change the name of variable for convenience.
print(Summary3.info)

Name: Attendees, dtype: float64>

Summary3.name = '95thPercentile’
print(Summary3)

Instructor Location

Ren North 20.95
South 15.70
Stimpy North 17.85
South 22.40

Name: 95thPercentile, dtype: float64

We can also convert Summary3 to a data frame.

Summary4 = pd.DataFrame(Summary3)

print(Summary4)
95thPercentile
Instructor Location
Ren North 20.95
South 15.70
Stimpy North 17.85
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South 22.40

Summaries for data frames

Summary statistics for variables in a data frame can be obtained with the pandas functions info and
describe.

print(Data.info())

#  Column Non-Null Count Dtype
%] Instructor 16 non-null category
1 Location 16 non-null category
2 Attendees 16 non-null int64

print(Data.describe())

Attendees
count 16.000000
mean 14.500000
std 4.830459
min 6.000000
25% 11.750000
50% 15.000000
75% 17.250000
max 23.000000

Dealing with missing values

For this example, we’ll change two values of Attendees to missing values. Here, the missing values are
coded with N4, which is the convention in R. read_table will convert them to nan values, which is the
usual convention in Python for missing values or other values that are “not a number”.

Note that in the summary from the info call, that there are 14 non-null values for Attendees.

Data2 = pd.read_table(sep="\\s+", filepath_or_buffer=io.StringIO("""

Instructor Location Attendees

Ren North 7
Ren North 22
Ren North 6
Ren North 15
Ren South 12
Ren South 13
Ren South NA
Ren South 16
Stimpy North 18
Stimpy North 17
Stimpy North NA
Stimpy North 9
Stimpy South 15
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Stimpy South 11
Stimpy South 19
Stimpy South 23
IIIIII))

print(Data2.info())

#  Column Non-Null Count Dtype
0 Instructor 16 non-null object
1 Location 16 non-null object
2  Attendees 14 non-null float64d

By default, many pandas functions will remove nan values by default. If nan values are included in a
calculation, the returned result will often be nan.

Data2[ 'Attendees'].mean()

14.5

Data2[ 'Attendees'].mean(skipna=False)

nan

Removing missing values

The pandas function dropna can remove rows with missing values. Observations with no missing
values for any variable are sometimes called “complete cases”. The process is sometimes called
“listwise deletion”.

Note here that the data frame DataComplete has 14 observations. The two rows with nan observations
in Attendees have been removed from the data frame.

DataComplete = Data2.dropna()

print(DataComplete.info())

#  Column Non-Null Count Dtype
%] Instructor 14 non-null object
1 Location 14 non-null object
2  Attendees 14 non-null float64

The dropna function can also remove any columns, or variables, that have missing values. Note here
that the variable Attendees has been removed entirely, but Instructor and Location retain 16
observations.

DataCompleteColumns = Data2.dropna(axis=1)

print(DataCompleteColumns.info())
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Data columns (total 2 columns):

#  Column Non-Null Count Dtype
(%] Instructor 16 non-null object
1 Location 16 non-null object

Counting missing values

The isnull function will return True if there are any missing values in a data frame or column in a data
frame.

Data2.isnull().values.any()

True

Data2[ 'Attendees'].isnull().values.any()

True

Data2[ 'Location'].isnull().values.any()

False

Likewise, the isnull and sum functions can be combined to count the missing values in a data frame or
variable in a data frame.

Data2.isnull().sum()

Instructor 0
Location 0
Attendees 2

### Number of nan values in each variable

Data2[ 'Attendees'].isnull().sum()
2

###t Number of nan values in Attendees in Data2

Data2[ 'Location'].isnull().sum()
0

### Number of nan values in Location in Data2
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Missing values in arrays

For a pd.Series, missing values can be designated with None.
Attendees2 = pd.Series([7, 22, 6, 15, 12, 13, None, 16, 18, 17, None, 9, 15, 11, 19, 23])
print(Attendees2.info())
RangeIndex: 16 entries, @ to 15

Series name: None
Non-Null Count Dtype

14 non-null float64

### 16 values, 14 of which are non-null

print(Attendees2.isnull().sum())
2

### 2 null values

print(Attendees2.mean())

14.5

print(Attendees2.mean(skipna=False))

nan

Statistics of shape for interval/ratio data

Returning to the original Ren and Stimpy data set, we can obtain the skewness and kurtosis for
Attendees with the skew and kurtosis functions in pandas.

There are different methods to calculate skew and kurtosis, so different software may report different
results by default. See the documentation for details. It appears that pandas calculates these statistics
in the manner of type=2 in R with psych::describe.

print(Data[ 'Attendees'].skew())

-0.0506986941557648

print(Data[ 'Attendees'].kurtosis())

-0.32657277416461117
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Descriptive statistics for ordinal data

To obtain descriptive statistics for ordinal data, the data can be examined as either numeric data or
nominal data. In Python, the data could also be coded as ordered category data.

Example of descriptive statistics for ordinal data

For this example, Arthur and Baxter have each held a workshop educating the public about preventing
water pollution at home. They are interested in the education level of people who attended the
workshops. We can consider education level an ordinal variable. They also collected information on
the gender and county of participants.

For this data, we have manually coded Education with numbers in a separate variable Ed.code. These
numbers list the education in order: High school < Associate’s < Bachelor’s < Master’s < Ph.D.

Data = pd.read_table(sep="\\s+", filepath_or_buffer=io.StringIOo("""

Date Instructor Student Gender County Education EdCode
2015-11-01 "Arthur Read" a female "Elwood" BA 3
2015-11-01 "Arthur Read" b female "Bear Lake" PHD 5
2015-11-01 "Arthur Read" C male "Elwood" BA 3
2015-11-01 "Arthur Read" d female "Elwood" MA 4
2015-11-01 "Arthur Read" e male "Elwood" HS 1
2015-11-01 "Arthur Read" f female "Bear Lake" MA 4
2015-11-01 “Arthur Read" g male "Elwood" HS 1
2015-11-01 "Arthur Read" h female "Elwood" BA 3
2015-11-01 "Arthur Read" i female "Elwood" BA 3
2015-11-01 "Arthur Read" Jj female "Elwood" BA 3
2015-12-01 "Buster Baxter" k male "Elwood" MA 4
2015-12-01 "Buster Baxter" 1 male "Bear Lake" MA 4
2015-12-01 "Buster Baxter" m female "Elwood" AA 2
2015-12-01 "Buster Baxter" n male "Elwood" AA 2
2015-12-01 "Buster Baxter" o other "Elwood" BA 3
2015-12-01 "Buster Baxter" p female "Elwood" BA 3
2015-12-01 "Buster Baxter" q female "Bear Lake" PHD 5

"))

### Treat Date, Instructor, Gender, County, and Education as category type

Data[ 'Date’] Data[ 'Date’].astype('category’)

Data[ 'Instructor'] Data[ 'Instructor'].astype('category")
Data[ 'Gender'] = Data[ 'Gender'].astype('category’)
Data[ 'County'] = Data[ 'County'].astype('category’)
Data[ 'Education’] Data[ 'Education'].astype('category')

print(Data.info())

#  Column Non-Null Count Dtype
0 Date 17 non-null category
1 Instructor 17 non-null category
2 Student 17 non-null object
3  Gender 17 non-null category
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4  County 17 non-null category
5 Education 17 non-null category
6 EdCode 17 non-null inte4

By default, the order of categories will be alphabetized.
print(Data[ 'Education'].cat.categories)

Index(['AA', 'BA', 'HS', 'MA', 'PHD'], dtype='object')

The levels of categories can be re-ordered. This is useful for examining output and plots.
EducationLevels =["HS", "AA", "BA", "MA", "PHD" ]
Data[ 'Education'] = Data['Education'].cat.reorder_categories(EducationLevels)
print(Data[ 'Education'].cat.categories)

Index(['HS', 'AA', 'BA', 'MA', 'PHD'], dtype='object')

Optional code to assign numeric values to a variable based on a category variable

Here, EdCode was already included as a numeric equivalent to Education. But we could create a
numeric variable to reflect the numeric equivalent of Education if it weren’t already included in the
data frame.

Here, we'll create a new variable EdCodeZ2 with the numeric assignment for Education.

This can be accomplished by creating a dictionary, here called Mapper.

Mapper = {"HS":1, "AA":2, "BA":3, "MA":4, "PHD":5}

Data["EdCode2"] Data[ "Education"].replace(Mapper)

Data[ 'EdCode2'] Data[ 'EdCode2'].astype('int64")

print(Data.info())

#  Column Non-Null Count Dtype
© Date 17 non-null category
1 Instructor 17 non-null category
2 Student 17 non-null object
3  Gender 17 non-null category
4  County 17 non-null category
5 Education 17 non-null category
6 EdCode 17 non-null int64
7 EdCode2 17 non-null int64
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This could also be accomplished by manually defining a new variable, EdCode3, based on the value of
the variable Education.

Data[ 'EdCode3'] = 9999

Data.loc[Data[ 'Education'] == 'HS', 'EdCode3'] =1
Data.loc[Data[ 'Education'] == 'AA', 'EdCode3'] = 2
Data.loc[Data[ 'Education'] == 'BA', 'EdCode3'] = 3
Data.loc[Data[ 'Education'] == 'MA', 'EdCode3'] = 4
Data.loc[Data[ 'Education'] == 'PHD', 'EdCode3'] = 5
print(Data.info())

#  Column Non-Null Count Dtype

0 Date 17 non-null category

1 Instructor 17 non-null category

2 Student 17 non-null object

3  Gender 17 non-null category

4  County 17 non-null category

5 Education 17 non-null category

6 EdCode 17 non-null int64

7 EdCode2 17 non-null int64

8 EdCode3 17 non-null int64

Optional code to change a category variable to an ordered category variable

Ordinal variables can be explicitly designated as ordered category variables.

Note that when the array for EducationOrdered is printed, the order is indicated with less than
symbols, e.g. 'HS' < 'AA".

EducationLevels =["HS", "AA", "BA", "MA", "PHD" ]

Data[ 'EducationOrdered'] = Data[ 'Education'].astype(CategoricalDtype(
categories=EducationLevels,
ordered=True))

print(Data[ 'EducationOrdered'])

Name: Education, dtype: category

Categories (5, object): ['HS' < 'AA'" < "BA' < '"MA' < '"PHD']

Dropping unused variables

### Drop EdCode2 and EdCode3
Data = Data.drop(columns=['EdCode2', 'EdCode3', 'EducationOrdered'])
print(Data.info())

#  Column Non-Null Count Dtype
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0 Date 17 non-null category
1 Instructor 17 non-null category
2 Student 17 non-null object

3 Gender 17 non-null category
4 County 17 non-null category
5 Education 17 non-null category
6 EdCode 17 non-null int64

Statistics of location for ordinal data

The median can be used as a statistic for location for ordinal data. Other quantiles (25t percentile,
and so on) also make sense for ordinal values. Usually, the mean and standard deviation shouldn’t be
used.

Data[ 'EdCode’].median()
3.0

### Remember that 3 meant Bachelor’s degree in our coding

Summary = Data['EdCode'].describe()

print(Summary)

EdCode
count 17.000000
mean 3.117647
std 1.166316
min 1.000000
25% 3.000000
50% 3.000000
75% 4.000000
max 5.000000

### Remember that 1 meant High school, 3 meant Bachelor’s,
### 4 meant Master’s, and 5 meant Ph.D.

### Remember to ignore the mean and standard deviation values for ordinal data.

Statistics of variation for ordinal data

The interquartile range is the difference between the 25t percentile and the 75t percentile. For
ordinal data, the interquartile range itself may not make sense, since it requires taking a difference of
ordinal values. However, identifying the 25t and 75t percentiles is useful, as 50% of observations fall
within these values.

In this example, the 25t percentile corresponds to Bachelor’s, and the 75t percentile corresponds to
Master'’s.
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Statistics for grouped ordinal data

Summary = Data[['Gender', 'EdCode']].groupby('Gender').describe()

print(Summary)
EdCode
count mean std min 25% 50% 75% max
Gender
female 10.0 3.5 ©.971825 2.0 3.00 3.0 4.00 5.0
male 6.0 2.5 1.378405 1.0 1.25 2.5 3.75 4.0
other 1.0 3.0 NaN 3.0 3.00 3.0 3.00 3.0

### Remember that 1 meant High school, 3 meant Bachelor’s,
### 4 meant Master’s, and 5 meant Ph.D.

### Remember to ignore the mean and standard deviation values for ordinal data.

Summary = Data[['Gender', 'County', 'EdCode']].groupby(['Gender', 'County']).describe()

print(Summary)
EdCode
count mean std min 25% 50% 75% max
Gender County
female Bear Lake 3.0 4.666667 ©.57735 4.6 4.5 5.0 5.0 5.0
Elwood 7.0 3.000000 0.57735 2.0 3.0 3.0 3.0 4.0
male Bear Lake 1.0 4.000000 NaN 4.0 4.0 4.0 4.0 4.0
Elwood 5.0 2.200000 1.30384 1.0 1.0 2.0 3.0 4.0
other Elwood 1.0 3.000000 NaN 3.0 3.0 3.0 3.0 3.0

### Remember that 1 meant High school, 3 meant Bachelor’s,
### 4 meant Master’s, and 5 meant Ph.D.

### Remember to ignore the mean and standard deviation values for ordinal data.

Statistics for ordinal data treated as nominal data
Ordinal data can also be summarized with the methods used for nominal data.

If the levels of the categorical variables are not already in the correct order, it is useful to reorder the
variables.

EducationLevels =["HS", "AA", "BA", "MA", "PHD" ]
Data[ 'Education'] = Data['Education'].cat.reorder_categories(EducationlLevels)

print(Data[ 'Education'].cat.categories)

Index(['HS', 'AA', 'BA', 'MA', 'PHD'], dtype='object"')

Some basic information for categorical variables can be obtained with describe in pandas.
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Summary = Data.describe(include="'category')

print(Summary)
Date Instructor Gender County Education
count 17 17 17 17 17
unique 2 2 3 2 5
top 2015-11-01 Arthur Read female Elwood BA
freq 10 10 10 13 7

The counts for each level of a categorical variable can be found with the value.counts function.
Data[ 'Education'].value_counts()

BA 7
MA 4
HS 2
AA 2
PHD 2

But note that the levels of Education are alphabetized in the output. We can indicate the order of the
categories in the output with the reindex function, adding fill_value for the value for any empty cells.

Data[ 'Education’'].value_counts().reindex(['HS', 'AA','BA','MA', 'PHD'], fill value=0)

HS
AA
BA
MA
PHD

NDBANDNMNDN

The crosstab function in pandas can be used among combinations of categorical variables.

For one variable, the Count in index="Count’is just a placeholder for the index for rows.

Table = pd.crosstab(columns=Data[ 'Education’'], index='Count')

print(Table)
Education HS AA BA MA PHD
row_0
Count 2 2 7 4 2

The normalize option can be used to report the proportions. Here, normalize="index'is used to report
the proportion within rows.

Table = pd.crosstab(columns=Data[ 'Education’'], index='Count', normalize='index')
print(Table)

Education HS AA BA MA PHD
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Grouped data
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0.117647 ©.117647 ©.411765 ©0.235294 0.117647

Table = pd.crosstab(columns=Data[ 'Education’'], index=Data['Gender'])

print(Table)
Education HS AA BA MA PHD
Gender
female 0 1 5 2 2
male 2 1 1 2 0
other 0 0 1 (%] (%]

Note, here, that normalize="index' is used to report the proportion within rows. Other options are
‘columns’and ‘all’' to determine the proportion within columns or within the table.

Table =

print(Table)
Education HS AA
Gender
female 0.000000 0.100000
male 0.333333 0.166667
other 0.000000 ©0.000000

Two-way grouped data

BA MA  PHD
0.500000
0.166667

1.000000

0.200000
0.333333
0.000000

[OINGRS)
OON

pd.crosstab(columns=Data[ 'Education’], index=Data['Gender'], normalize="index")

When the outputted table would have three or more dimensions, pandas reports it in long format.

Table = Data[['County', 'Gender',

print(Table)

Education
PHD
MA
HS
AA
BA
MA
PHD
BA
AA
HS
PHD
MA
BA
AA
HS

Gender
female

County
Bear Lake

male

other

"Education']].groupby(['County’,

OO OO0 OOORFROOORLN
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Elwood female BA
MA

AA

PHD

HS

male HS
AA

BA

MA
PHD

other BA
HS

AA

MA
PHD

OO O OCFRROFRRFRPRRFRPRNOORLRRERLWV

Another approach would be to separate out the levels of one of the variables to produce multiple two-
dimensional tables. Here, the data are subsetted to include only Bear Lake County. The dropna=False
option retains the columns or rows will all 0 counts.

DataBear = Data.loc[Data['County'] == 'Bear Lake']

TableBear = pd.crosstab(columns=DataBear['Education'], index=Data['Gender'],
dropna=False)

print(TableBear)

Education HS AA BA MA PHD

Gender
female e ©o o 1 2
male e ©o o 1 (%]
other e © o o (%]
DataElwood = Data.loc[Data[ 'County'] == "Elwood']

TableElwood = pd.crosstab(columns=DataElwood['Education'], index=Data['Gender'],
dropna=False)

print(TableElwood)
Education HS AA BA MA PHD
Gender
female 0 1 5 1 0
male 2 1 1 1 0
other 0 (%] 1 (%] %]

Descriptive statistics for nominal data

Example of descriptive statistics for nominal data
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This example will use the same Arthur and Buster data set used above. The analysis here will be
similar to the analysis for treating ordinal data as nominal above. There are variants of some analyses
in that section.

Data = pd.read_table(sep="\\s+", filepath_or_buffer=io.StringIOo("""

Date Instructor Student Gender County Education EdCode
2015-11-01 "Arthur Read" a female "Elwood" BA 3
2015-11-01 "Arthur Read" b female "Bear Lake" PHD 5
2015-11-01 "Arthur Read" C male "Elwood" BA 3
2015-11-01 "Arthur Read" d female "Elwood" MA 4
2015-11-01 "Arthur Read" e male "Elwood" HS 1
2015-11-01 "Arthur Read" f female "Bear Lake" MA 4
2015-11-01 "Arthur Read" g male "Elwood" HS 1
2015-11-01 "Arthur Read" h female "Elwood" BA 3
2015-11-01 "Arthur Read" i female "Elwood" BA 3
2015-11-01 "Arthur Read" Jj female "Elwood" BA 3
2015-12-01 "Buster Baxter" k male "Elwood" MA 4
2015-12-01 "Buster Baxter" 1 male "Bear Lake" MA 4
2015-12-01 "Buster Baxter" m female "Elwood" AA 2
2015-12-01 "Buster Baxter" n male "Elwood" AA 2
2015-12-01 "Buster Baxter" o other "Elwood" BA 3
2015-12-01 "Buster Baxter" p female "Elwood" BA 3
2015-12-01 "Buster Baxter" q female "Bear Lake" PHD 5

"))

### Treat Date, Instructor, Gender, County, and Education as category type

Data[ 'Date"'] = Data[ 'Date'].astype('category')

Data[ 'Instructor'] = Data[ 'Instructor'].astype('category')
Data[ 'Gender'] = Data[ 'Gender'].astype('category')
Data[ 'County'] = Data[ 'County'].astype('category')

Data[ 'Education'] Data[ 'Education'].astype('category')

print(Data.info())

#  Column Non-Null Count Dtype
0 Date 17 non-null category
1 Instructor 17 non-null category
2 Student 17 non-null object
3  Gender 17 non-null category
4  County 17 non-null category
5 Education 17 non-null category
6 EdCode 17 non-null int64
dtypes: category(5), int64(1), object(1)

Some basic information for categorical variables can be obtained with describe in pandas.
Summary = Data.describe(include="'category"')
print(Summary)

Date Instructor Gender County Education
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count 17 17 17 17 17
unique 2 2 3 2 5
top 2015-11-01 Arthur Read female Elwood BA
freq 10 10 10 13 7

One-sample data

Table = pd.crosstab(columns=Data[ 'Gender'], index='Count")

print(Table)
Gender female male other
row_0
Count 10 6 1

###t Counts of each level of Gender

Table = pd.crosstab(columns=Data[ 'Gender'], index='Count', normalize='index')
print(Table)

Gender female male other

row_0

Count  ©.588235 0.352941 0.058824

### Proportion of each level Gender for each row

One-way data

Table = pd.crosstab(columns=Data[ 'Gender'], index=Data[ 'Date'])

print(Table)
Gender female male other
Date
2015-11-01 7 3 0
2015-12-01 3 3 1

### Counts for Gender within each level of Date

TableProp = pd.crosstab(columns=Data[ 'Gender'], index=Data['Date'], normalize='index')
print(TableProp)

Gender female male other

Date

2015-11-01 ©0.700000 ©.300000 ©O.000000

2015-12-01 0.428571 0.428571 0.142857

### Proportion of each level of Gender for each row
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sum(Table.sum())
17

### Sum of observations in the table

Table.sum(axis=1)

Date
2015-11-01 10
2015-12-01 7

### Sum of observations in each row of the table

Table.sum(axis=0)

Gender

female 10
male 6
other 1

### Sum of observations in each column of the table

Two-way data

Table = Data[['Date', 'County', 'Gender']].groupby(['Date', 'County']).value_counts()
print(Table)

### Note the placement of Date and County in the groupby call,
### and the resultant placement in the output.

Date County Gender
2015-11-01 Bear Lake female
male
other
Elwood female
male
other
2015-12-01 Bear Lake female
male
other
Elwood female
male
other

P NNORPRRFRPOWUUOON

Levels for category variables

By default, Python will alphabetize the levels of a category variable. The order of the levels can be
changed, for example, to change the order that groups are plotted in a plot, or which groups are at the
top of the table.
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Revisiting the Arthur and Baxter example, we’ll explicitly change the category variables from type
object to type category.

Data = pd.read_table(sep="\\s+", filepath_or_buffer=io.StringIOo("""

Date Instructor Student Gender County Education EdCode
2015-11-01 "Arthur Read" a female "Elwood" BA 3
2015-11-01 "Arthur Read" b female "Bear Lake" PHD 5
2015-11-01 "Arthur Read" C male "Elwood" BA 3
2015-11-01 "Arthur Read" d female "Elwood" MA 4
2015-11-01 "Arthur Read" e male "Elwood" HS 1
2015-11-01 "Arthur Read" f female "Bear Lake" MA 4
2015-11-01 "Arthur Read" g male "Elwood" HS 1
2015-11-01 "Arthur Read" h female "Elwood" BA 3
2015-11-01 "Arthur Read" i female "Elwood" BA 3
2015-11-01 "Arthur Read" Jj female "Elwood" BA 3
2015-12-01 "Buster Baxter" k male "Elwood" MA 4
2015-12-01 "Buster Baxter" 1 male "Bear Lake" MA 4
2015-12-01 "Buster Baxter" m female "Elwood" AA 2
2015-12-01 "Buster Baxter" n male "Elwood" AA 2
2015-12-01 "Buster Baxter" o other "Elwood" BA 3
2015-12-01 "Buster Baxter" p female "Elwood" BA 3
2015-12-01 "Buster Baxter" q female "Bear Lake" PHD 5

"))

### Treat Date, Instructor, Gender, County, and Education as category type

Data[ 'Date’] = Data[ 'Date'].astype('category"')

Data[ 'Instructor'] = Data[ 'Instructor'].astype('category’)
Data[ 'Gender'] = Data[ 'Gender'].astype('category')
Data[ 'County'] = Data[ 'County'].astype('category')

Data[ 'Education']

Data[ 'Education'].astype('category')

print(Data.info())

#  Column Non-Null Count Dtype
© Date 17 non-null category
1 Instructor 17 non-null category
2 Student 17 non-null object
3 Gender 17 non-null category
4  County 17 non-null category
5 Education 17 non-null category
6  EdCode 17 non-null int64

Below, note that the levels of the factor variables were alphabetized by default. That is, even though
Elwood was found in the data before Bear Lake, Python treats Bear Lake as the first level in the
variable County.

print(Data[ 'County'].cat.categories)

Index([ 'Bear Lake', 'Elwood'], dtype='object')
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We order factor levels in an order of our choosing.
print(Data[ 'Education'].cat.categories)

Index(['AA', 'BA', 'HS', 'MA', 'PHD'], dtype='object')

EducationLevels = ["HS", "AA", "BA", "MA", "PHD"]
Data[ 'Education'] = Data['Education'].cat.reorder_categories(EducationLevels)
print(Data[ 'Education'].cat.categories)

Index(['HS', 'AA', 'BA', 'MA', 'PHD'], dtype='object')

We can also indicate a category variable should be treated as ordered categories.
EducationLevels =["HS", "AA", "BA", "MA", "PHD" ]
Data[ 'EducationOrdered'] = Data[ 'Education'].astype(CategoricalDtype(
categories=EducationlLevels,
ordered=True))
print(Data[ 'EducationOrdered’])
Name: Education, dtype: category

Categories (5, object): ['HS' < 'AA' < 'BA' < 'MA' < 'PHD']

Note that in the actions above, we are not changing the order in the data frame, simply which level is
treated internally as first category, and so on.

Optional analyses
Robust estimators: trimmed mean and Winsorized mean

In this example, the means and medians for Team A and Team B are identical (mean of 70 and median
of 80). However, the trimmed mean for Team A is less than for Team B (77 vs. 80), and the Winsorized
mean for A is less than for Team B (75 vs. 78). According to either the trimmed mean method or the
Winsorized mean method, Team B had a higher score when extreme observations were removed or
replaced.

TeamA = pd.Series([100, 90, 80, 60, 20])

TeamB = pd.Series([80, 80, 80, 80, 30])

print(np.mean(TeamA))

70.0
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print(np.median(TeamA))

80.0

The trimmed mean can be calculated with the trim_mean function in SciPy stats. Here, both the largest
20% and smallest 20% of observations are trimmed from the array.

stats.trim_mean(TeamA, proportiontocut = 0.20)

76.66666666666667

The trimmed array can be displayed by subsetting the array.

TrimA = TeamA[(TeamA > np.percentile(TeamA, 20)) & (TeamA < np.percentile(TeamA, 80))]

print(TrimA)
1 90
2 80
3 60

print(np.mean(TrimA))
76.66666666666667

###t The trimmed mean at 20%.

The clip function in NumPy wisorizes the data. Here the lowest 20% of observations are replaced with
the value of the 20t percentile, and the highest 20% of observations are replaced with the value of the
80th percentile. Different methods can be used for the calculation of the percentiles.

WinsorA = np.clip(TeamA, np.percentile(TeamA, 20), np.percentile(TeamA, 890))

print(WinsorA)
0 92
1 90
2 80
3 60
4 52

### This uses the same method for percentiles as does R by default.

print(np.mean(WinsorA))
74.8

### The wisorized mean at 20%.
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scipy.stats.mstats.winsorize will winsorize the data with simpler syntax, but it doesn’t offer options for
how the percentiles are calculated. So, here the result is different. For larger continuous samples,
there won’t usually be large differences in the results of the two methods.

WinsorAAlt = mstats.winsorize(TeamA, limits=[0.2, 0.2])
print(WinsorAAlt)

[90 90 80 60 60]

print(np.mean(WinsorAAlt))

76.0

The following code replicates the analysis for Team B.
TeamB = pd.Series([80, 80, 80, 80, 30])
print(np.median(TeamB))

80.0

print(np.mean(TeamB))

70.0

stats.trim_mean(TeamB, proportiontocut = 0.20)
80.0

### Trimmed mean for Team B at 20%

WinsorB = np.clip(TeamB, np.percentile(TeamB, 20), np.percentile(TeamB, 80))

print(WinsorB)
0 80
1 80
2 80
3 80
4 70

print(np.mean(WinsorB))
78.0

#t## Winsorized mean for Team B at 20%
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Geometric mean

The geometric mean can be calculated with the gmean function in SciPy stats. It can also be calculated
with a nested log, mean, and exp functions in NumPy.

Bacteria example

Bacteria = pd.Series([20, 40, 50, 60, 100, 120, 150, 200, 1000])
print(stats.gmean(Bacteria))

98.38886970015734

np.exp(np.mean(np.log(Bacteria)))

98.38886970015734

Annual return example

Note that with the annual return example, that 1 must be added to all the values, and then subtracted
at the end to return the values to proportion of return.

Return = pd.Series([-0.80, 0.20, 0.30, 0.30, 0.20, 0.30])
print(stats.gmean(Return+l)-1)

-0.07344666385976306

Harmonic mean

The harmonic mean can be calculated with the hmean function in SciPy stats. It can also be calculated
by taking the inverse of each value, averaging these values, and reporting the inverse of this result.

Speed = pd.Series([20, 40, 50, 60, 100, 120, 150, 200, 1000])
print(stats.hmean(Speed))

63.08411214953271

print(1/np.mean(1/Speed))

63.08411214953271

Confidence Intervals
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Confidence intervals in SAEPER

For a discussion of the following topics, see the corresponding chapter in Summary and Analysis of
Extension Program Evaluation in R (rcompanion.org/handbook/C 03.html).

e Understanding confidence intervals

Importing packages in this chapter

The following commands will import required packages used in this chapter from libraries and assign
them common aliases. You may need install these libraries first.

import io

import os

import numpy as np

import scipy.stats as stats

import pandas as pd

import statsmodels.stats.api as sms
import researchpy as rp

import seaborn as sns

import matplotlib.pyplot as plt

Setting your working directory

You may wish to set your working directory for exported plots.
os.chdir("C:/Users/Sal Mangiafico/Desktop")

print(os.getcwd())

Example for confidence intervals

For this example, extension educators had students wear pedometers to count their number of steps
over the course of a day. The following data are the result. Rating is the rating each student gave
about the usefulness of the program, on a 1-to-10 scale.

Data = pd.read_table(sep="\\s+", filepath_or_buffer=io.StringIO("""

Student Gender Teacher Steps Rating

a female Catbus 8000 7
b female Catbus 9000 10
C female Catbus 10000 9
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d
e
.F
g
h
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J
k
1
m
n
0
p
q
r
s
t
u
v
w
X
y
z

"))

female
female
female
male
male
male
male
female
female
female
female
male
male
male
female
female
female
female
female
male
male
male
male

print(Data.info())

# Column

0 Student
1 Gender
2 Teacher
3 Steps

4  Rating
t

Catbus 7000 5
Catbus 6000 4
Catbus 8000 8
Catbus 7000 6
Catbus 5000 5
Catbus 9000 10
Catbus 7000 8
Satsuki 8000 7
Satsuki 9000 8
Satsuki 9000 8
Satsuki 8000 9
Satsuki 6000 5
Satsuki 8000 9
Satsuki 7000 6
Totoro 10000 10
Totoro 9000 10
Totoro 8000 8
Totoro 8000 7
Totoro 6000 7
Totoro 6000 8
Totoro 8000 10
Totoro 7000 7
Totoro 7000 7
Non-Null Count Dtype
26 non-null object
26 non-null object
26 non-null object
26 non-null int64
26 non-null int64

dtypes: int64(2), object(3)

print(Data.describe())

count
mean
std
min
25%
50%
75%
max

26.
7692.

1289

5000.
7000.
8000.

8750

10000.

Steps
000000 2
307692
.006773
000000
000000
000000
.000000

VWCOoONPPRLYNO

Rating

. 000000
.615385
.745323
.000000
.000000
.000000
.000000
000000 10.

000000

print(Data.describe(include="object"))

count
uniqu
top

Student Gender Teacher

e

26 26
26 2
a female

26
3
Catbus
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freq 1 15 10

Confidence intervals for means

The traditional method for the confidence interval for the mean, using the t distribution, can be
performed with scipy.stats, statsmodels.stats, or the researchpy package.

Bootstrapped confidence intervals for the mean can be calculated with the bootstrap function in
scipy.stats.

One-sample data - traditional method

Using scipy.stats
Steps = Data['Steps']
stats.t.interval(0.95, len(Steps)-1, loc=np.mean(Steps), scale=stats.sem(Steps))

(7171.6665892025285, 8212.948795412856)

Using statsmodels.stats
Steps = Data['Steps']
sms.DescrStatsW(Steps).tconfint_mean()

(7171.666589202528, 8212.948795412856)

Using researchpy.rp
Steps = Data[ 'Steps’']
rp.summary_cont(Data[ 'Steps'], conf = 0.95, decimals = @)

Variable N Mean SD SE 95% Conf. Interval
0 Steps 26.0 7692.0 1289.0 253.0 7172.0 8213.0

One-sample data — bootstrap method

Using scipy.stats

The variable Steps will be extracted from the data frame and converted to a tuple so that it can be
passed to the bootstrap function. Here, the BCa method is used. Other methods are percentile and
basic.

Steps = (Data['Steps'],)

print(Steps)
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(0 8000
1 9000
2 10000
3 7000
4 6000
< snip >

Boot = stats.bootstrap(Steps, np.mean, confidence_level=0.95, method='BCa')
print(Boot.confidence_interval)

ConfidenceInterval(low=7192.307692307692, high=8153.846153846154)
round(Boot.confidence_interval[@], @)

7192.0
round(Boot.confidence_interval[1l], ©)

8192.0

### Note that results by bootstrap may vary

plt.figure(figsize=(5, 3.75))

sns.histplot(x=Boot.bootstrap_distribution)
plt.title('")

plt.xlabel('\nBootstrapped means')
plt.ylabel("'")

plt.grid(False)

plt.tight_layout()

plt.savefig('StepsRatingPlot.png', format='png', dpi=300)

plt.show()
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Using pingouin
Steps = np.array(Data[ 'Steps'])
stat = np.mean(Steps)
ci = pg.compute_bootci(Steps, func="'mean', decimals=0)
print(round(stat, @), ci)

7692.0 [7192. 8115.]

### Note that results by bootstrap may vary

One-way data — traditional method

Using researchpy.rp

rp.summary_cont(Data.groupby(Data[ 'Gender'])['Steps'], conf = 0.95, decimals = 0)

N Mean SD SE 95% Conf. Interval
Gender
female 15 8200.0 1207.0 312.0 7532.0 8868.0
male 11 7000.0 1095.0 330.0 6264.0 7736.0

Two-way data - traditional method

Using researchpy.rp

rp.summary_cont(Data.groupby(['Teacher', 'Gender'])['Steps'], conf = 0.95, decimals = 0)

N Mean SD SE 95% Conf. Interval

Teacher Gender
Catbus female 6 8000.0 1414.0 577.0 6516.0 9484.0
male 4 7000.0 1633.0 816.0 4402.0 9598.0
Satsuki female 4 8500.0 577.0 289.0 7581.0 9419.0
male 3 7000.0 1000.0 577.0 4516.0 9484.0
Totoro female 5 8200.0 1483.0 663.0 6358.0 10042.0
male 4 7000.0 816.0 408.0 5701.0 8299.0

One-way data — bootstrap method

At the time of writing, I don’t know how to pass groupby results to the bootstrap function. However,
the groups can be extracted manually and passed to the bootstrap function.
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Basic Plots

Basic plots in SAEPER

For a discussion of the following topics, see the corresponding chapter in Summary and Analysis of
Extension Program Evaluation in R (rcompanion.org/handbook/C 04.html).

The need to understand plots
Some advice on producing plots
Describing histogram shapes
Misleading and disorienting plots

Importing packages in this chapter

The following commands will import required packages used in this chapter from libraries and assign
them common aliases. You may need install these libraries first.

import io

import os

import numpy as np

import scipy.stats as stats
import pandas as pd

import matplotlib.pyplot as plt
import seaborn as sns

from statsmodels.graphics.mosaicplot import mosaic

Setting your working directory

You may wish to set your working directory for exported plots.
os.chdir("C:/Users/Sal Mangiafico/Desktop")

print(os.getcwd())

Themes and formatting in seaborn and pyplot

When using the seaborn library the basic theme for the plot can be set with seaborn.set_theme(). The
theme styles are “white”, “dark”, “whitegrid”, “darkgrid”, and “ticks”.
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Further formatting, such as defining and formatting the y-axis labels, can achieved with options in the
pyplot package in matplotlib. Some formatting is shown is the examples below.

Examples of basic plots for interval /ratio and ordinal data
Data = pd.read_table(sep="\\s+", filepath_or_buffer=io.StringIO("""

Student Gender Teacher Steps Rating
a female Catbus 8000 7
b female Catbus 9000 10
C female Catbus 10000
d female Catbus 7000
e female Catbus 6000
f female Catbus 8000
g male Catbus 7000
h male Catbus 5000
i male Catbus 9000
J male Catbus 7000
k female Satsuki 8000
1 female Satsuki 9000
m female Satsuki 9000
n
o
p
q
r
s
t
u
v
w
X
y
z

(o]

=

female Satsuki 8000
male Satsuki 6000
male Satsuki 8000
male Satsuki 7000
female Totoro 10000
female Totoro 9000
female Totoro 8000
female Totoro 8000
female Totoro 6000
male Totoro 6000
male Totoro 8000
male Totoro 7000
male Totoro 7000

=

=
NNOONNOOOOMWVUIWVWOWOWWWNW®UTO MU

=

"))

### Convert Gender and Teacher to category type

Data[ 'Gender'] = Data['Gender'].astype('category')

Data[ 'Teacher'] Data[ 'Teacher'].astype('category')

### Order Teacher by its order in the orginal data
TeacherLevels = ['Catbus', 'Satsuki', 'Totoro']

Data[ 'Teacher'] = Data['Teacher'].cat.reorder_categories(TeacherlLevels)

### Change the level of Gender to be capitalized
GenderNames = {'female': 'Female', 'male': 'Male'}
Data['Gender'] = Data['Gender'].cat.rename_categories(GenderNames)
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### Display some summary statistics for the data frame

print(Data.info())

#  Column  Non-Null Count Dtype

0 Student 26
1 Gender 26
2 Teacher 26
3 Steps 26
4 Rating 26

non-null
non-null
non-null
non-null
non-null

object
category
category
int64
int64

print(Data[ 'Gender'].cat.categories)

Index([ 'Female’,

'Male'], dtype='object')

print(Data[ 'Teacher'].cat.categories)

Index(['Catbus"',

Histograms

Simple histogram

Simple seaborn call

'Satsuki’,

sns.histplot(data=Data, x='Steps')

Formatting and export as file

sns.set_theme(style="white")

plt.figure(figsize=(5, 3.75))

sns.histplot(data=Data, x='Steps')

plt.title('")

plt.xlabel('\nSteps"')

plt.ylabel('")
plt.tight_layout()

'Totoro'], dtype='object')

plt.savefig('StepsHist.png', format='png', dpi=300)

plt.show()
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Histogram with density line

Simple seaborn call

sns.histplot(data=Data, x='Steps', kde=True)

Formatting and export as file
sns.set_theme(style='white')
plt.figure(figsize=(5, 3.75))
sns.histplot(data=Data, x='Steps', kde=True)
plt.title('")
plt.xlabel('\nSteps"')
plt.ylabel('")
plt.tight_layout()
plt.savefig('StepsHistDensity.png', format="png', dpi=300)

plt.show()
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Histogram with normal curve

Simple seaborn call

Plot = sns.histplot(x=Data['Steps'], stat='density')

Sum = Data[ 'Steps'].describe()

Curve = np.linspace(Sum['min'], Sum['max'])

Plot.plot(Curve, stats.norm.pdf(Curve, Sum['mean'], Sum['std']))
Formatting and export as file

sns.set_theme(style="'white')

plt.figure(figsize=(5, 3.75))

sns.histplot(x=Data[ 'Steps'], stat="density')

Sum = Data['Steps'].describe()
Curve = np.linspace(Sum['min'], Sum['max'])

plt.plot(Curve, stats.norm.pdf(Curve, Sum['mean'], Sum['std']))
plt.title('")

plt.xlabel('\nSteps"')

plt.ylabel('")

plt.tight_layout()

plt.savefig('StepsHistNormal.png', format="png', dpi=300)

plt.show()
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Histograms for one-way data

Simple seaborn call

Plot = sns.FacetGrid(data=Data, row='Gender',
margin_titles=True, height=2, aspect= 2)

Plot.map(sns.histplot, 'Steps')

Formatting and export as file
sns.set_theme(style="white")

Plot = sns.FacetGrid(data=Data, row='Gender',
margin_titles=True, height=2, aspect= 2)

Plot.map(sns.histplot, 'Steps')
Plot.tight layout()

Plot.savefig('StepsHistFacetOne.png', format='png', dpi=300)
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Histograms for two-way data

Simple seaborn call

Plot = sns.FacetGrid(data=Data, row='Gender', col='Teacher',
margin_titles=True, height=2, aspect= 2)

Plot.map(sns.histplot, 'Steps')

Formatting and export as file
sns.set_theme(style="white")

Plot = sns.FacetGrid(data=Data, row='Gender', col='Teacher"',
margin_titles=True, height=2, aspect= 1.5)

Plot.map(sns.histplot, 'Steps')
Plot.tight_ layout()

Plot.savefig('StepsHistFacetTwo.png', format='png', dpi=300)
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Box plots

Box plots can also be made with the seaborn.catplot(), as used in the plots below for means with the
option kind="box’. Some options would need to be changed.

Simple box plot

Simple seaborn call

sns.boxplot(data=Data, y='Steps', orient='v' , width=0.2)

Formatting and export as file
sns.set_theme(style="darkgrid"')
plt.figure(figsize=(5, 3.75))
sns.boxplot(y=Data['Steps'], width=0.2)
plt.title('")
plt.xlabel('")
plt.ylabel('Steps\n')
plt.tight_layout()
plt.savefig('Boxplot.png', format='png', dpi=300)

plt.show()
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Box plot with mean

Simple seaborn call

sns.boxplot(y=Data[ 'Steps'], width=0.2, showmeans=True)

Formatting and export as file
sns.set_theme(style="darkgrid")

sns.boxplot(y=Data['Steps'], width=0.2, showmeans=True,

meanprops={"marker": "+",
"markeredgecolor": "black",
"markersize": "10"})

plt.title('")

plt.xlabel('")

plt.ylabel('Steps\n')

plt.tight_layout()

plt.savefig('BoxplotMean.png', format='png', dpi=300)

plt.show()
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Box plot for one-way data

Simple seaborn call

sns.boxplot(data=Data, x='Gender', y='Steps', width=0.3)

Formatting and export as file
sns.set_theme(style="darkgrid")
plt.figure(figsize=(5, 4))
sns.boxplot(data=Data, x='Gender', y='Steps', width=0.5, gap=.2)
plt.title('")
plt.xlabel('\nGender")
plt.ylabel('Steps\n')
plt.tight_layout()
plt.savefig('BoxplotOneWay.png', format='png', dpi=300)

plt.show()
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Box plot for two-way data
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Simple seaborn call
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A PYTHON COMPANION TO EXTENSION PROGRAM EVALUATION

sns.boxplot(data=Data, x='Gender', y='Steps', hue='Teacher', width=0.7, gap=.2)

Formatting and export as file

sns.set_theme(style="darkgrid")
plt.
sns.
plt.
plt.
plt.
plt.
plt.

plt.

figure(figsize=(5, 4))

boxplot(data=Data, x='Gender', y='Steps', hue='Teacher', width=0.7, gap=.2)
title('")

xlabel('\nGender")
ylabel('Steps\n')
tight_layout()

savefig('BoxplotTwoWay.png', format='png', dpi=300)

show()
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Plot of means and interaction plots
A variety of types of plots can be made with seaborn.catplot(). These include:

« strip plot, kind = 'strip’, (the default)

e swarm plot, kind = 'swarm'’

 box plot, kind = 'box’

e violin plot, kind = 'violin'

» boxen plot, or letter-value plot, kind = 'boxen’
e bar plot, kind = 'bar’

 count plot, kind = "count’

Error bars are displayed by default in seaborn.catplot(). The default is to use 95% confidence intervals
by bootstrap.

 standard deviation, errorbar = ('sd’)

e two times the standard deviation, errorbar = ('sd’, 2)

 standard error, errorbar = ('se’)

« traditional 95% confidence interval of the mean, errorbar = ('se’, 1.96)

 confidence interval by bootstrap, errorbar = (‘ci’)

 confidence interval by bootstrap, errorbar = (‘ci’, n_boot = 5000)

 confidence interval of the median by bootstrap, errorbar = ('ci’), estimator = 'median’

Means for one-way data
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Simple seaborn call

sns.catplot(data=Data, x='Gender', y='Steps', kind="point",
errorbar=("'se', 1.96), capsize=0.12, linestyles='none')

Formatting and export as file

sns.set_theme(style="darkgrid")

Plot = sns.catplot(data=Data, x='Gender', y='Steps', kind="point",
errorbar=('se', 1.96), capsize=0.12, linestyles='none',
height=4, aspect=1.33)

Plot.set_titles('')

Plot.set_xlabels('\nGender")

Plot.set_ylabels('Steps\n')

Plot.tight_layout()

Plot.savefig('StepsMeanGender.png', format='png', dpi=300)
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Means for two-way data

Simple seaborn call
sns.catplot(data=Data, x='Gender', y='Steps', hue='Teacher', kind="point",

errorbar=('se', 1.96), capsize=0.12, linestyles='none',
dodge=0.3)

Formatting and export as file
sns.set_theme(style="darkgrid")

Plot = sns.catplot(data=Data, x='Gender', y='Steps', hue='Teacher', kind="point",
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errorbar=("'se', 1.96), capsize=0.12, linestyles="none',
dodge=0.3, height=4, aspect=1.33)

Plot.set_titles('')
Plot.set xlabels('\nGender')
Plot.set_ylabels('Steps\n')
Plot.tight_layout()

Plot.savefig('StepsMeanGenderTeacher.png', format="png', dpi=300)
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These plots will also be made with seaborn.catplot(). See notes above on the options for plot types and
error bars.

One-way data
Simple seaborn call
sns.catplot(data=Data, x='Gender', y='Steps', kind='bar',
errorbar=('se', 1.96), capsize=0.12, dodge=True)
Formatting and export as file
sns.set_theme(style="darkgrid")
Plot = sns.catplot(data=Data, x='Gender', y='Steps', kind='bar',
errorbar=('se', 1.96), capsize=0.12, dodge=True, height=4,
aspect=1)

Plot.set_titles('")
Plot.set_xlabels('\nGender")
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Plot.set_ylabels('Steps\n')
Plot.tight_layout()

Plot.savefig('StepsBarGender.png', format='png', dpi=300)
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Two-way data

Simple seaborn call

sns.catplot(data=Data, x='Teacher', y='Steps', hue='Gender', kind='bar',
errorbar=('se', 1.96), capsize=0.12, dodge=True)

Formatting and export as file

sns.set_theme(style="darkgrid")

Plot = sns.catplot(data=Data, x='Teacher', y='Steps', hue='Gender', kind='bar',
errorbar=('se', 1.96), capsize=0.12, dodge=True, height=4,
aspect=1)

Plot.set_titles('")

Plot.set_xlabels('\nGender"')

Plot.set_ylabels('Steps\n')

Plot.tight_layout()

Plot.savefig('StepsBarGenderTeacher.png', format="png', dpi=300)
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Simple scatter plot

### Manually jitter the Steps values so that they’re visible on the plot

Data[ 'StepsJitter'] = np.array(Data['Steps'] +

np.random.normal(@, 200, Data['Steps'].shape))

Simple seaborn call

sns.

scatterplot(data=Data, x='StepsJitter', y='Rating"')

Formatting and export as file

sns

plt.
sns.

plt.
plt.
plt.
plt.

plt

.set_theme(style="darkgrid")

figure(figsize=(5, 3.75))
scatterplot(data=Data, x='StepsJitter', y='Rating')

title('")

xlabel("\nSteps (jittered)")
ylabel('Rating (1 - 1@)\n')
tight_layout()

.savefig('StepsRatingScatter.png', format='png', dpi=300)
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Examples of basic plots for nominal data

Bar plot for counts of a nominal variable

A PYTHON COMPANION TO EXTENSION PROGRAM EVALUATION

10000

The following plots will show the count of observations in the levels of the category variables. The
plots can be modified to display counts, proportions, percents, or probability with stat="count’,

stat="proportion’, stat="percent’, or stat="probability’.

One-way data

Simple seaborn call

sns.countplot(data=Data, x='Gender")

Formatting and export as file
sns.set_theme(style="darkgrid")
plt.figure(figsize=(5, 3.75))
sns.countplot(data=Data, x='Gender")
plt.title('")
plt.xlabel("\nGender")
plt.ylabel('Count of observations\n')
plt.tight_layout()

plt.savefig('GenderCount.png', format='png', dpi=300)
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Two-way data

Simple seaborn call

sns.countplot(data=Data, x='Teacher', hue='Gender")

Formatting and export as file
sns.set_theme(style="'darkgrid")
plt.figure(figsize=(5, 3.75))
sns.countplot(data=Data, x='Teacher', hue='Gender")
plt.title('")
plt.xlabel("\nGender")
plt.ylabel('Count of observations\n')
plt.tight_layout()

plt.savefig('GenderCountTwoWay.png', format='png', dpi=300)
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Confidence intervals for proportions

At the time of writing, I don’t know an easy way to ask seaborn to display confidence intervals for
proportions of counts.

Mosaic plot

Simple statsmodels call

mosaic(Data, ['Teacher', 'Gender'])

Formatting and export as file
plt.figure(figsize=(5, 3.75))
mosaic(Data, ['Teacher', 'Gender'])
plt.title('")
plt.xlabel('\nTeacher")
plt.ylabel('Gender\n")
plt.tight_layout()

plt.savefig('Mosaic.png', format='png', dpi=300)
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One-sample Wilcoxon signed rank test

One-sample Wilcoxon signed rank test in SAEPER

For a discussion of this test, see the corresponding chapter in Summary and Analysis of Extension
Program Evaluation in R (rcompanion.org/handbook/F 02.html).

Importing packages in this chapter

The following commands will import required packages used in this chapter from libraries and assign
them common aliases. You may need install these libraries first.

import io

import os

import scipy.stats as stats
import pandas as pd

import pingouin as pg

import matplotlib.pyplot as plt
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import seaborn as sns

Setting your working directory

A PYTHON COMPANION TO EXTENSION PROGRAM EVALUATION

You may wish to set your working directory for exported plots.

os.chdir("C:/Users/Sal Mangiafico/Desktop")

print(os.getcwd())

Example of the one-sample Wilcoxon signed rank test

Data = pd.read_table(sep="\\s+", filepath_or_buffer=io.StringIO("""

Speaker Rater

"Maggie Simpson" 1
"Maggie Simpson"
"Maggie Simpson"
"Maggie Simpson"
"Maggie Simpson"
"Maggie Simpson"
"Maggie Simpson"
"Maggie Simpson"
"Maggie Simpson"
"Maggie Simpson"

"))

O uwVwooNOTUVThA~,WN

=

Likert

3

uvNwhARMDDDUD

### Convert Instructor and Location to category type

Data[ 'Speaker'] = Data[ 'Speaker'].astype('category’)

### Create new variable, Likert as a category variable, and add '1' level

Data[ 'Likert.f']

Data[ 'Likert.f']

LikertLevels =[1, 2, 3, 4, 5]

Data[ 'Likert'].astype('category')

Data ['Likert.f'].cat.add_categories(1)

Data[ 'Likert.f'] = Data['Likert.f'].cat.reorder_categories(LikertLevels)

### Display some summary statistics for the data frame

print(Data.info())

Column Non-Null Count

#

© Speaker 10
1 Rater 10
2 Likert 10
3 Likert.f 10

non-null
non-null
non-null
non-null

category
int64
int64
category
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print(Data[ 'Speaker'].cat.categories)

Index([ 'Maggie Simpson''], dtype='object')

print(Data['Likert.f'].cat.categories)

Index([1, 2, 3, 4, 5], dtype="int64")

Summarize data treating Likert scores as factors

Note that the variable we want to count is Likert.f, which is a category variable. Counts for Likert.f are
tabulated over values of Speaker. The normalize=True option reports proportions. If sort=True, the
results will be ordered by which categories have the most observations.

Data[ 'Likert.f'].value_counts(sort=False)

Likert.f
0

uih WiN B
N U N

Data[ 'Likert.f'].value_counts(sort=False, normalize=True)

Likert.

uhwNR
OO0 ®
NUN R ®

Bar plot

Simple seaborn call

sns.countplot(data=Data, x="Likert.f")

Formatting and export as file
sns.set_theme(style="white")
plt.figure(figsize=(5, 3.75))
sns.countplot(data=Data, x="Likert.f")
plt.title('")

plt.xlabel("\nMaggie's Likert")
plt.ylabel('Frequency\n")
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plt.tight_layout()

plt.savefig('MaggielLikert.png', format='png', dpi=300)

plt.show()
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Summarize data treating Likert scores as numeric
Summary = Data.groupby('Speaker')['Likert'].describe()

print(Summary)

count mean std min 25% 50% 75% max

Speaker
Maggie Simpson 10.0 3.8 ©0.918937 2.0 3.25 4.0 4.0 5.0

One-sample Wilcoxon signed-rank test

Using pingouin

As far as I can tell, you have to manually subtract mu, the point of central tendency under the null
hypothesis, if it’s not 0.

mu = 3
pg.wilcoxon(Data[ 'Likert'] - mu)

W-val alternative p-val RBC CLES
Wilcoxon 3.5 two-sided ©0.040067 ©.805556 NaN

Note that the effect size statistic, rank biserial correlation coefficient, RBC, is reported by default.
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Using pysci.stats

Note, that the continuty correction is not used by default, whereas it is used by default in pingouin.
mu = 3
stats.wilcoxon(Data['Likert'] - mu, correction=True)

WilcoxonResult(statistic=3.5, pvalue=0.04006679653816985)

One-sample sign test

One-sample sign test in SAEPER

For a discussion of this test, see the corresponding chapter in Summary and Analysis of Extension
Program Evaluation in R (rcompanion.org/handbook/F 03.html).

Importing packages in this chapter

The following commands will import required packages used in this chapter from libraries and assign
them common aliases. You may need install these libraries first.

import io

import os

import numpy as np

import scipy.stats as stats

from statsmodels.stats.descriptivestats import sign_test
import pandas as pd

import matplotlib.pyplot as plt

import seaborn as sns

Setting your working directory

You may wish to set your working directory for exported plots.
os.chdir("C:/Users/Sal Mangiafico/Desktop")

print(os.getcwd())

73


https://rcompanion.org/handbook/F_03.html

ONE-SAMPLE SIGN TEST A PYTHON COMPANION TO EXTENSION PROGRAM EVALUATION

Example of one-sample sign test

Data = pd.read_table(sep="\\s+", filepath_or_buffer=io.StringIOo("""
Speaker Rater Likert
"Maggie Simpson" 3
"Maggie Simpson"
"Maggie Simpson"
"Maggie Simpson"
"Maggie Simpson"
"Maggie Simpson"
"Maggie Simpson"
"Maggie Simpson"
"Maggie Simpson"
"Maggie Simpson"

"))

LoNOTUVTDE WNER
UuNDNWhDDbhphub

=
()

### Convert Instructor and Location to category type

Data[ 'Speaker'] = Data['Speaker'].astype('category')

### Display some summary statistics for the data frame

print(Data.info())

# #  Column Non-Null Count Dtype
H-=-=- m-ceee | emmmmeemmmmmes mm--a
# @ Speaker 10 non-null category
#1 Rater 10 non-null int64
# 2 Likert 10 non-null int64

One-sample sign test
sign_test(Data['Likert'], mu@=3)
(3.0, 0.0703125)
### p = 0.0703
### M, 3.0, is the a statistic related to dominance statistic used below.

### Specifically, it’s the number of obsevations greater than mu minus the
### number of obsevations less than mu, all divided by two.

Effect size

The following is a manual calculation of the dominance statistic and VDA-like statistic presented in
SAEPER.

Likert = np.array([3, 4, 5, 4, 4, 4, 4, 3, 2, 5])

MU = 3
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N = len(Likert)

GreaterProp = sum(Likert > MU) / N
GreaterProp

0.7

LesserProp = sum(Likert < MU) / N
LesserProp

0.1

EqualProp = sum(Likert == MU) / N
EqualProp

0.2

Dominance = GreaterProp - LesserProp
Dominance

0.6

VDA = Dominance / 2 + 0.5

VDA

Two-sample Mann-Whitney U Test

Two-sample Mann-Whitney test in SAEPER

For a discussion of this test, see the corresponding chapter in Summary and Analysis of Extension
Program Evaluation in R (rcompanion.org/handbook/F 04.html).

Importing packages in this chapter

The following commands will import required packages used in this chapter from libraries and assign
them common aliases. You may need install these libraries first.

import io
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import os

import numpy as np

import scipy.stats as stats
import pandas as pd

import matplotlib.pyplot as plt
import pingouin as pg

import seaborn as sns

Setting your working directory

You may wish to set your working directory for exported plots.
os.chdir("C:/Users/Sal Mangiafico/Desktop")

print(os.getcwd())

Example of Mann-Whitney test

Data = pd.read_table(sep="\\s+", filepath_or_buffer=io.StringIO("""
Speaker Likert
Pooh 3
Pooh
Pooh
Pooh
Pooh
Pooh
Pooh
Pooh
Pooh
Pooh
Piglet
Piglet
Piglet
Piglet
Piglet
Piglet
Piglet
Piglet
Piglet
Piglet
"""

WNNMNWNMRNMNMNDPANODUUDMDMDMDMNDDIGUG

### Convert Speaker to category type

Data[ 'Speaker'] = Data['Speaker'].astype('category')
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### Create new variable, Likert as a category variable

Data[ 'Likert.f'] = Data['Likert'].astype('category')

### Order Speaker by desired values
SpeakerLevels = ["Pooh", "Piglet"]

Data[ 'Speaker'] = Data[ 'Speaker'].cat.reorder_categories(SpeakerlLevels)

### Display some summary statistics for the data frame
print(Data.info())

Data columns (total 3 columns):
#  Column Non-Null Count Dtype

© Speaker 20 non-null category
1 Likert 20 non-null int64
2 Likert.f 20 non-null category

print(Data[ 'Speaker'].cat.categories)

Index(['Pooh', 'Piglet'], dtype='object')

print(Data[ 'Likert.f'].cat.categories)

Index([1, 2, 3, 4, 5], dtype="int64")

Summarize data treating Likert scores as factors

Note that the variable we want to count is Likert.f, which is a category variable. Counts for Likert.f are
tabulated over values of Speaker. The normalize=True option reports proportions. If sort=True, the
results will be ordered by which categories have the most observations.

Data[ 'Likert.f'].value_counts(sort=False)

ame: count, dtype: inté64

Data[ 'Likert.f'].value_counts(sort=False, normalize=True)

Likert.f
1 0.05
2 0.30
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3 0.15
4 0.35
5 0.15
Name: proportion, dtype: float64

Bar plot

Simple seaborn call

Plot = sns.FacetGrid(data=Data, row='Speaker',
margin_titles=True, height=2, aspect= 2)

Plot.map(sns.countplot, 'Likert.f'")

Formatting and export as file
sns.set_theme(style="'white")

Plot = sns.FacetGrid(data=Data, row='Speaker',
margin_titles=True, height=2, aspect= 2)

Plot.map(sns.countplot, 'Likert.f'")
Plot.tight_layout()

Plot.savefig('CountPoohPiglet.png', format='png', dpi=300)
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Summarize data treating Likert scores as numeric

Summary = Data.groupby('Speaker')['Likert'].describe()

print(Summary)
count mean std min 25% 50% 75% max
Speaker
Pooh 10.0 4.2 0.632456 3.0 4.0 4.0 4.75 5.0
Piglet 10.0 2.3 0.823273 1.0 2.0 2.0 2.75 4.0

Wilcoxon-Mann-Whitney test
Using pingouin

To perform this test, we first need to extract the data as arrays of numbers. Here we’ll treat Piglet as
the first group to match the R output.

Pooh = Data['Likert'][Data['Speaker']=="Pooh']
Piglet = Data['Likert'][Data[ 'Speaker']=="Piglet"]
pg.mwu(Piglet, Pooh)

U-val alternative p-val RBC CLES
MWU 5.0 two-sided ©0.000471 -0.9 0.05

### Note that the output includes the rank biserial correlation coefficient, RBC, and
###  the common languange effect size statistic, CLES, as effect size statistics.

Using scipy.stats
Pooh = Data['Likert'][Data['Speaker']=="Pooh"]
Piglet = Data['Likert'][Data[ 'Speaker']=="Piglet"]
stats.mannwhitneyu (Piglet, Pooh)

MannwhitneyuResult(statistic=5.0, pvalue=0.00047134406815495125)

Mood’s Median Test for Two-sample Data

Two-sample Mood’s median test in SAEPER

For a discussion of this test, see the corresponding chapter in Summary and Analysis of Extension
Program Evaluation in R (rcompanion.org/handbook/F 05.html).
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Importing packages in this chapter

The following commands will import required packages used in this chapter from libraries and assign
them common aliases. You may need install these libraries first.

import io

import os

import numpy as np

import scipy.stats as stats
import pandas as pd

import matplotlib.pyplot as plt
import pingouin as pg

import seaborn as sns

import math

Setting your working directory

You may wish to set your working directory for exported plots.
os.chdir("C:/Users/Sal Mangiafico/Desktop")

print(os.getcwd())

Example of Mood’s median test

Data = pd.read_table(sep="\\s+", filepath_or_buffer=io.StringIOo("""
Speaker Likert

Pooh 3

Pooh
Pooh
Pooh
Pooh
Pooh
Pooh
Pooh
Pooh
Pooh
Piglet
Piglet
Piglet
Piglet
Piglet
Piglet
Piglet
Piglet

NWNRPRNMNMNRANMNUUDMDMDMDNPNADWG
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Piglet 2
Piglet 3
IIIIII))

Summarize data treating Likert scores as numeric

Summary = Data.groupby('Speaker')['Likert'].describe()

print(Summary)
count mean std min 25% 50% 75% max
Speaker
Pooh 10.0 4.2 0.632456 3.0 4.0 4.0 4.75 5.0
Piglet 10.0 2.3 0.823273 1.0 2.0 2.0 2.75 4.0

### The 50% percentile is the median for each group

Mood’s median test

Using scipy.stats
Pooh = Data['Likert'][Data['Speaker']=="Pooh"]
Piglet = Data['Likert'][Data[ 'Speaker']=="Piglet"]
stats.median_test(Piglet, Pooh)
MedianTestResult(statistic=9.8, pvalue=0.0017451186995289028, median=3.5,

table=array([[1, 9], [9, 1]], dtype=int64))

The output above reports the test statistic and p-value. The median listed is the overall median of
observations pooled across groups. The table is the contingency table that used for the chi-square test
for Mood’s median test.

Effect size measurements
Difference in medians

One effect size statistic is the difference in median between groups. From the summary statistics
above, the difference in medians is 2, or -2 if we use the convention of First Group - Second Group,
assuming Piglet is the first group.

Medianl = 2

Median2 = 4

Medianl - Median2
-2
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Rank biserial correlation coefficient and common language effect size statistic

The rank biserial correlation coefficient or the common language effect size statistic may also be an
appropriate effect size statistic.

To perform this test, we first need to extract the data as arrays of numbers. Here we’ll treat Piglet as
the first group to match the R output.

Pooh = Data['Likert'][Data['Speaker']=="Pooh"]
Piglet = Data['Likert'][Data[ 'Speaker']=="Piglet"]
pg.mwu(Piglet, Pooh)

U-val alternative p-val RBC CLES
MWU 5.0 two-sided ©0.000471 -0.9 0.05

### Note that the output includes the rank biserial correlation coefficient, RBC, and

###  the common languange effect size statistic, CLES, as effect size statistics.

Mangiafico’s d

A statistic similar to Cohen’s d can be calculated by dividing the difference in medians by the median
absolute deviation.

The following uses a different example.

A
B

np.array([1,2,2,2,2
np.array([2,3,4,4,4

madA = stats.median_abs_deviation(A, scale='normal')
round(madA, 3)

0.741

madB = stats.median_abs_deviation(B, scale='normal')
round(madB, 3)

1.483

madPooled = math.sqrt((madA ** 2 + madB ** 2) / 2)
round(madPooled, 3)

1.172

mangiaficoD = ( np.median(A) - np.median(B) ) / madPooled
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round(mangiaficoD, 3)

-1.706

Manual calculation of Mood’s median test
medianOverall = Data['Likert'].median()
medianOverall

3.5

PoohHigher = sum(Data['Likert'][Data['Speaker']=="Pooh'] > medianOverall)
PoohHigher

9

PoohLower = sum(Data['Likert'][Data['Speaker']=="Pooh'] <= medianOverall)

PoohLower

PigletHigher = sum(Data['Likert'][Data['Speaker']=="Piglet'] > medianOverall)
PigletHigher

1

PigletLower = sum(Data['Likert'][Data['Speaker']=="'Piglet'] <= medianOverall)
PigletLower

9

So the following the contingency table would be used by Mood’s median test.
LessThanMu GreaterThanEqualMu
Pooh 1 9
Piglet 9 1
Matrix = np.array([[2, 9], [9, 1]])
stats.chi2_contingency(Matrix)

Chi2ContingencyResult(statistic=9.8, pvalue=0.0017451186995289028, dof=1

### Note this is the same as the output from Pingouin above
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Paired Wilcoxon Signed-rank Test

Two-sample paired Wilcoxon signed rank test in SAEPER

For a discussion of this test, see the corresponding chapter in Summary and Analysis of Extension
Program Evaluation in R (rcompanion.org/handbook/F 06.html).

Importing packages in this chapter

The following commands will import required packages used in this chapter from libraries and assign
them common aliases. You may need install these libraries first.

import io

import os

import numpy as np

import scipy.stats as stats
import pandas as pd

import matplotlib.pyplot as plt
import pingouin as pg

import seaborn as sns

Setting your working directory

You may wish to set your working directory for exported plots.
os.chdir("C:/Users/Sal Mangiafico/Desktop")

print(os.getcwd())

Example of paired Wilcoxon signed rank test

Data = pd.read_table(sep="\\s+", filepath_or_buffer=io.StringIO("""
Speaker Time Student Likert

Pooh 1 a 1
Pooh 1 b 4
Pooh 1 C 3
Pooh 1 d 3
Pooh 1 e 3
Pooh 1 f 3
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Pooh
Pooh
Pooh
Pooh
Pooh
Pooh
Pooh
Pooh
Pooh
Pooh
Pooh
Pooh
Pooh
Pooh

"))
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### Convert Speaker, Student, and Time to category type

Data[ 'Speaker']

Data[ 'Speaker'].astype('category')

Data[ 'Student'] Data[ 'Student'].astype('category"')

Data['Time'] = Data['Time'].astype('category’)

print(Data.info())

#  Column Non-Null Count Dtype

@ Speaker 20 non-null category
1 Time 20 non-null category
2 Student 20 non-null category
3 Likert 20 non-null int64

Number of observations per group
It is helpful to check the data to be sure there is one observation per student per time.

pd.crosstab(Data[ 'Time'], Data['Student'])

Student a b ¢ d e f g h i j

Time

1 1111111111

2 111 11 1 1 1 11
Plot the paired data

For plotting and the subsequent analysis, we’ll extract arrays for Time 1 and Time 2. It’s important at
this point that data are ordered so that the first observation in Time 1 is paired with the first
observation in Time 2, and so on.

Timel = np.array(Data['Likert'][Data['Time']==1])
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Time2 = np.array(Data['Likert'][Data['Time']==2])

Difference = Time2 - Timel

Scatter plot with one-to-one line

We'll have to jitter one of the arrays so that all the points will be displayed on the plot.

Note that in the scatter plot, the points tend to be above and to the left of the one-to-one line,
suggesting that Time 2 tends to have higher values than Time 1.

TimelJitter = Timel + np.random.normal(@, 0.3, Time2.shape)

Simple seaborn call

sns.
plt.
plt.

scatterplot(x=TimelJitter, y=Time2, color="'#000000")
axline(xyl=(0,0), slope=1)
show()

Formatting and export as file

sns.

plt.
plt.
plt.
plt.
plt.
plt.
plt.

plt.

plt.

scatterplot(x=TimelJitter, y=Time2, color="'#000000")

title('")

xlabel("\nTime 1")
ylabel('Time 2\n")
x1lim(-0.2, 5.2)

ylim(-0.2, 5.2)
axline(xyl=(0,0), slope=1)
tight_layout()

savefig('ScatterAndLine.png', format='png', dpi=300)

show()
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Time 2

Time 1

Bar plot of differences

Note that there are higher counts for differences greater than zero than less than zero, suggesting that
the difference (Time 2 - Time 1) tends to positive, suggesting that Time 2 tends to have higher values
than Time 1.

Simple seaborn call

sns.countplot(x=Difference)

Formatting and export as file
sns.set_theme(style="darkgrid")
plt.figure(figsize=(5, 3.75))
sns.countplot(x=Difference)
plt.title('")
plt.xlabel("\nDifference in score (Time 2 - Time 1)")
plt.ylabel('Frequency\n')
plt.tight_layout()
plt.savefig('BarPlotDifferences.png', format='png', dpi=300)

plt.show()
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Paired-samples Wilcoxon signed-rank test
Using pingouin
pg.wilcoxon(x=Timel, y=Time2)
W-val alternative p-val RBC CLES

Wilcoxon 3.5 two-sided ©.023552 -0.844444 0.16

Note that the effect size statistic, rank biserial correlation coefficient, RBC, is reported by default.

Using pysci.stats
Note, that the continuty correction is not used by default, whereas it is used by default in pingouin.
stats.wilcoxon(Timel, Time2, correction=True)

WilcoxonResult(statistic=3.5, pvalue=0.020041916312799807)

Kruskal-Wallis Test

Kruskal-Wallis test in SAEPER

For a discussion of this test, see the corresponding chapter in Summary and Analysis of Extension
Program Evaluation in R (rcompanion.org/handbook/F 08.html).

Specific topics that may be of interest there include:
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e Schwenk dice and pairwise Wilcoxon-Mann-Whitney tests
Importing packages in this chapter

The following commands will import required packages used in this chapter from libraries and assign
them common aliases. You may need install these libraries first.

import io

import os

import numpy as np

import scipy.stats as stats
import pandas as pd

import pingouin as pg

import scikit_posthocs as sp
import matplotlib.pyplot as plt

import seaborn as sns

Setting your working directory

You may wish to set your working directory for exported plots.
os.chdir("C:/Users/Sal Mangiafico/Desktop")

print(os.getcwd())

Example of Kruskal-Wallis test
Data = pd.read_table(sep="\\s+", filepath_or_buffer=io.StringIO("""

Speaker Likert
Pooh 3
Pooh
Pooh
Pooh
Pooh
Pooh
Pooh
Pooh
Pooh
Pooh
Piglet
Piglet
Piglet
Piglet

NNPANUVTURADDMNDMPMDIMUT

89



KRUSKAL-WALLIS TEST A PYTHON COMPANION TO EXTENSION PROGRAM EVALUATION

Piglet
Piglet
Piglet
Piglet
Piglet
Piglet
Tigger
Tigger
Tigger
Tigger
Tigger
Tigger
Tigger
Tigger
Tigger
Tigger
"))

WhrphphuwupbppppPPDPDWNNWNER

### Convert Speaker to category type

Data[ 'Speaker'] = Data['Speaker'].astype('category"')

### Create new variable, Likert.f as a category variable

Data[ 'Likert.f'] = Data['Likert'].astype('category')

### Order Speaker by desired values
SpeakerLevels = ['Pooh', 'Piglet', 'Tigger']

Data[ 'Speaker'] = Data[ 'Speaker'].cat.reorder_categories(SpeakerLevels)

print(Data[ 'Speaker'].cat.categories)

Index(['Pooh', 'Piglet', 'Tigger'], dtype='object')

print(Data.info())

#  Column Non-Null Count Dtype

@ Speaker 30 non-null category
1 Likert 30 non-null inte4
2 Likert.f 30 non-null category

Summarize data treating Likert scores as categories

pd.crosstab(Data[ 'Speaker'], Data['Likert.f'])

Likert.f 1 2 3 4 5
Speaker
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Pooh e 06 1 6 3
Piglet 1 6 2 1 ©
Tigger e 0 2 6 2

### Counts of observations for each Speaker and Likert level.

pd.crosstab(Data[ 'Speaker'], Data['Likert.f'], normalize='index")

Likert.f 1 2 3 4 5

Speaker

Pooh 0.0 0.0 0.1 0.6 0.3
Piglet 0.1 0.6 0.2 0.1 0.0
Tigger 0.0 0.0 0.2 0.6 0.2

### Note proportions add to 1.0 in each row

Bar plots of data by group

sns.set_theme(style="white')

Plot = sns.FacetGrid(data=Data, row='Speaker',
margin_titles=True, height=2, aspect= 3)

Plot.map(sns.countplot, 'Likert.f')

Plot.tight_layout()

Plot.savefig('LikertBar.png', format='png', dpi=300)
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count

count

3 4 5
Likert.f

Summarize data treating Likert scores as numeric

Summary = Data.groupby('Speaker')['Likert'].describe()

print(Summary)
count mean
Speaker
Pooh 10.0 4.2
Piglet 10.0 2.3
Tigger 10.0 4.0

Kruskal-Wallis test example

Using pingouin

std min 25% 50% 75%
0.632456 3.0 4.0 4.0 4.75
0.823273 1.0 2.0 2.0 2.75
0.666667 3.0 4.0 4.0 4.00

pg.kruskal(data=Data, dv='Likert', between='Speaker')

Source
Kruskal Speaker

Using pysci.stats

Pooh =

ddof1 H

p-unc
2 16.842308 0.00022
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Piglet
Tigger

np.array(Data[ 'Likert'][Data[ 'Speaker']== 'Piglet'])
np.array(Data['Likert'][Data[ 'Speaker']== 'Tigger'])

stats.kruskal(Pooh, Piglet, Tigger)

KruskalResult(statistic=16.84230769230768, pvalue=0.00022016047490004256)

Effect size statistics

A common effect size statistic for the Kruskal-Wallis test is called epsilon-squared. It is the same as
the eta-squared (or r-squared) from a one-way analysis of variance (ANOVA) performed on the ranks
on dependent variable.

We'll first have to create a new variable in our data frame for the ranks of the Likert variable.
Data[ 'Likert.rank'] = Data['Likert'].rank()
pg.anova(data=Data, dv="Likert.rank', between='Speaker', effsize='n2")

Source ddofl ddof2 F p-unc n2
@ Speaker 2 27 18.701835 ©0.000008 ©0.580769

### Rank epsilon-squared = 0.5808

Another common effect size statistic for the Kruskal-Wallis test is called eta-squared. Confusingly, this
corresponds to the adjusted r-squared, or epsilon-squared, from an ANOVA on the ranked values.

Here, we’ll manually adjust the r-squared value we got above, using the sample size and number of
terms in model. Because there are three groups in the independent variable, K = 2, because there
would be two dummy variables to account for those three groups in a general linear model.

N

len(Data[ 'Likert'])

K =2

RankEpsilonSq = ©.580769

RankEtaSq = 1 - (1 - RankEpsilonSq) * ((N - 1) / (N - K - 1))
round(RankEtaSq, 4)

0.5497

### Rank eta-squared = 0.5497

Post-hoc tests for multiple comparisons of groups

Some results below differ slightly from those reported by R. This may have to do with differences p-
value adjustment methods.
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Dunn test

Several different p-value adjustment methods are available. See the function documentation for the
options.

sp.posthoc_dunn(Data, val _col='Likert', group_col='Speaker', p_adjust="holm")
Pooh Piglet Tigger
Pooh 1.000000 ©0.000489 0.630298

Piglet ©0.000489 1.000000 ©0.002011
Tigger ©.630298 0.002011 1.0000000

Conover test

Several different p-value adjustment methods are available. See the function documentation for the
options.

sp.posthoc_conover(Data, val _col="Likert', group_col="Speaker', p_adjust="sidak")
Pooh Piglet Tigger
Pooh 1.000000 ©0.000017 0.858881

Piglet ©0.000017 1.000000 ©0.000119
Tigger ©.858881 0.000119 1.000000

Nemenyi test
sp.posthoc_nemenyi(Data, val_col='Likert', group_col='Speaker"')
Pooh Piglet Tigger
Pooh 1.000000 0©0.000819 0.890628

Piglet ©0.000819 1.000000 ©0.004478
Tigger ©.890628 0.004478 1.000000

Dwass-Steel-Critchlow-Fligner test

sp.posthoc_dscf(Data, val _col='Likert', group_col='Speaker")

Pooh Piglet Tigger
Pooh 1.000000 0.001183 0.769015
Piglet ©0.001183 1.000000 ©0.002073
Tigger ©.769015 0.002073 1.000000

Plot of medians and confidence intervals

The following plots the median Likert score for each Speaker, with confidence intervals for the
medians, calculated with bootstrap.

Simple seaborn call
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sns.catplot(data=Data, x='Speaker', y='Likert', kind='point',
errorbar=('ci'), estimator="median', capsize=0.12,
linestyles="none")

Formatting and export as file

sns.set_theme(style="darkgrid")

Plot = sns.catplot(data=Data, x='Speaker', y='Likert', kind='point',
errorbar=('ci'), estimator="median', capsize=0.12,
linestyles="none',
height=4, aspect=1.33)

Plot.set_titles('")

Plot.set_xlabels('\nSpeaker')

Plot.set_ylabels('Median Likert\n'")

Plot.tight_layout()

plt.text(x= -0.05, y=5.25, s="a", fontsize=12, color='black")

plt.text(x= 0.95, y=3.25, s="b", fontsize=12, color='black')

plt.text(x= 1.98, y=4.75, s="a", fontsize=12, color='black')

Plot.savefig('LikertMedianSpeaker.png', format="png', dpi=300)
a
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Plot of median Likert score versus Speaker. Error bars indicate the 95% confidence intervals for the
median by bootstrap method.

Mood’s Median Test
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Mood’s median test in SAEPER

For a discussion of this test, see the corresponding chapter in Summary and Analysis of Extension
Program Evaluation in R (rcompanion.org/handbook/F 09.html).

Importing packages in this chapter

The following commands will import required packages used in this chapter from libraries and assign
them common aliases. You may need install these libraries first.

import io

import os

import numpy as np

import scipy.stats as stats
import pandas as pd

import matplotlib.pyplot as plt
import pingouin as pg

import seaborn as sns

import math

Setting your working directory

You may wish to set your working directory for exported plots.
os.chdir("C:/Users/Sal Mangiafico/Desktop")

print(os.getcwd())

Example of Mood’s median test

Data = pd.read_table(sep="\\s+", filepath_or_buffer=io.StringIOo("""
Speaker Likert

Pooh 3

Pooh
Pooh
Pooh
Pooh
Pooh
Pooh
Pooh
Pooh
Pooh
Piglet

NUTURADMDMDPDMNPMUT
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Piglet
Piglet
Piglet
Piglet
Piglet
Piglet
Piglet
Piglet
Piglet
Tigger
Tigger
Tigger
Tigger
Tigger
Tigger
Tigger
Tigger
Tigger
Tigger
"""))

WhphuwupbpdppPppPpPWNNWNERENMNDNDS

Summarize data treating Likert scores as numeric

Summary = Data.groupby('Speaker')['Likert'].describe()

print(Summary)
count mean std min 25% 5% 75% max
Speaker
Piglet 10.0 2.3 0.823273 1.0 2.0 2.0 2.75 4.0
Pooh 10.0 4.2 0.632456 3.0 4.0 4.0 4.75 5.0
Tigger 10.0 4.0 0.666667 3.0 4.0 4.0 4.00 5.0

### The 50% percentile is the median for each group

Mood’s median test
Using scipy.stats
Pooh = Data['Likert'][Data['Speaker']=="Pooh']

Piglet

Data[ 'Likert'][Data[ 'Speaker']=="'Piglet']

Tigger

Data[ 'Likert'][Data[ 'Speaker']=="Tigger"]
stats.median_test(Piglet, Pooh, Tigger)

MedianTestResult(statistic=3.3599999999999994, pvalue=0.18637397603940997, median=4.0)

As mentioned in the SAEPER chapter, we’ll invert the scale on the Likert item responses. This is
related to so many responses being equal to the global median, 4.

Data[ 'Likert.inv'] = 6 - Data['Likert']
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Pooh = Data['Likert.inv'][Data['Speaker']=="Pooh']

Piglet = Data['Likert.inv'][Data['Speaker']=="Piglet"']

Tigger

Data[ 'Likert.inv'][Data[ 'Speaker']=="Tigger"]

stats.median_test(Piglet, Pooh, Tigger)
MedianTestResult(statistic=15.833333333333334, pvalue=0.0003646156887302732, median=2.0)

### Note: This is based on the inverted responses

Effect size measurements

Appropriate effect size statistics may include those for the two-sample case, applied on each pair of
groups.

Manual calculation of Mood’s median test
medianOverall = Data['Likert.inv'].median()
medianOverall

2.0

### Note: This is the median of the inverted responses

PoohHigher = sum(Data['Likert.inv'][Data['Speaker']=="Pooh'] > medianOverall)

PigletHigher

sum(Data[ 'Likert.inv'][Data[ 'Speaker']=="Piglet'] > medianOverall)
TiggerHigher =sum(Data['Likert.inv'][Data[ 'Speaker']=="Tigger'] > medianOverall)

PoohLower = sum(Data['Likert.inv'][Data['Speaker']=="Pooh'] <= medianOverall)

PigletLower = sum(Data['Likert.inv'][Data[ 'Speaker']=="Piglet'] <= medianOverall)

TiggerLower

sum(Data[ 'Likert.inv'][Data[ 'Speaker']=="Tigger'] <= medianOverall)

Matrix = np.array([[PoohHigher, PoohLower], [PigletHigher, PigletLower],
[TiggerHigher, TiggerLower]])

So the following the contingency table would be used by Mood’s median test.

GreaterThanEqualMu.inv LessThanMu.inv

Pooh 1 9
Piglet 9 1
Tigger 2 8
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stats.chi2_contingency(Matrix)
Chi2ContingencyResult(statistic=15.833333333333334, pvalue=0.0003646156887302732, dof=2)

### Note this is the same as the output from Pingouin above

Friedman Test

Friedman test in SAEPER

For a discussion of this test, see the corresponding chapter in Summary and Analysis of Extension
Program Evaluation in R (rcompanion.org/handbook/F 10.html).

Importing packages in this chapter

The following commands will import required packages used in this chapter from libraries and assign
them common aliases. You may need install these libraries first.

import io

import os

import numpy as np

import scipy.stats as stats
import pandas as pd

import pingouin as pg

import scikit_posthocs as sp
import matplotlib.pyplot as plt

import seaborn as sns

Setting your working directory

You may wish to set your working directory for exported plots.
os.chdir("C:/Users/Sal Mangiafico/Desktop")

print(os.getcwd())
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Example of Friedman test
Data = pd.read_table(sep="\\s+", filepath_or_buffer=io.StringIOo("""

Instructor Rater Likert
"Bob Belcher" 4
"Bob Belcher"
"Bob Belcher"
"Bob Belcher"
"Bob Belcher"
"Bob Belcher"
"Bob Belcher"
"Bob Belcher"
"Linda Belcher"
"Linda Belcher"
"Linda Belcher"
"Linda Belcher"
"Linda Belcher"
"Linda Belcher"
"Linda Belcher"
"Linda Belcher"
"Tina Belcher"
"Tina Belcher"
"Tina Belcher"
"Tina Belcher"
"Tina Belcher"
"Tina Belcher"
"Tina Belcher"
"Tina Belcher"
"Gene Belcher"
"Gene Belcher"
"Gene Belcher"
"Gene Belcher"
"Gene Belcher"
"Gene Belcher"
"Gene Belcher"
"Gene Belcher"
"Louise Belcher"
"Louise Belcher"
"Louise Belcher"
"Louise Belcher"
"Louise Belcher"
"Louise Belcher"
"Louise Belcher"
"Louise Belcher"

"))

[ [
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### Convert Instructor and Rater to category type
Data[ 'Instructor'] = Data['Instructor'].astype('category')

Data[ 'Rater'] = Data['Rater'].astype('category’)

### Create new variable, Likert as a category variable
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Data[ 'Likert.f'] = Data['Likert'].astype('category"')

### Order Speaker by desired values

InstructorLevels = ['Bob Belcher', 'Linda Belcher', 'Tina Belcher',
'Gene Belcher', 'Louise Belcher']

Data[ 'Instructor'] = Data[ 'Instructor'].cat.reorder_categories(InstructorLevels)
print(Data['Instructor'].cat.categories)
Index([ 'Bob Belcher', 'Linda Belcher', 'Tina Belcher', 'Gene Belcher',

"Louise Belcher'],
dtype="object")

print(Data.info())

#  Column Non-Null Count Dtype
0 Instructor 40 non-null category
1 Rater 40 non-null category
2 Likert 40 non-null inte4
3 Likert.f 40 non-null category

Summarize data treating Likert scores as categories

pd.crosstab(Data[ 'Instructor'], Data['Likert.f'])

Likert.f 4 5 6 7 8 9 10
Instructor

Bob Belcher 2 1
Linda Belcher 0 ©
Tina Belcher 0 1
Gene Belcher 1 4
Louise Belcher © ©

O WO R N
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pd.crosstab(Data[ 'Instructor'], Data['Likert.f'], normalize='index")

Likert.f 4 5 6 7 8 9 10
Instructor
Bob Belcher 0.250 ©0.125 ©0.500 ©0.000 0.00 ©0.000 0.125

Linda Belcher ©.000 ©0.000 0.125 0.125 ©0.50 0.125 0.125
Tina Belcher 0.000 0.125 ©0.000 0.250 0.25 0.250 0.125
Gene Belcher 0.125 0.500 0.375 0.000 0.00 0.000 0.000
Louise Belcher ©.000 ©0.000 ©0.000 0.125 ©0.50 0.250 0.125

Bar plots of data by group

sns.set_theme(style="white")
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Plot = sns.FacetGrid(data=Data, row='Instructor',
margin_titles=True, height=2, aspect= 2)

Plot.map(sns.countplot, 'Likert.f')
Plot.tight_layout()

Plot.savefig('LikertBarBelcher.png', format='png', dpi=300)
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Summarize data treating Likert scores as numeric

Summary = Data.groupby('Instructor')['Likert'].describe()
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print(Summary)
count mean std min 25% 50% 75%  max

Instructor
Bob Belcher 8.0 5.875 1.885092 4.0 4.75 6.0 6.00 10.0
Linda Belcher 8.0 8.000 1.195229 6.0 7.75 8.0 8.25 10.0
Tina Belcher 8.0 7.875 1.552648 5.0 7.00 8.0 9.00 10.0
Gene Belcher 8.0 5.250 0.707107 4.0 5.00 5.0 6.00 6.0
Louise Belcher 8.0 8.375 0.916125 7.0 8.00 8.0 9.00 10.0

Friedman test example
Using pingouin
pg.friedman(data=Data, dv="Likert", within="Instructor", subject="Rater")

Source W ddofl Q p-unc
Friedman Instructor ©.72309 4 23.138889 0.000119

### Note that the effective size statistic, Kendall’s W, is included in the output.

Using pysci.stats

Bob = np.array(Data['Likert'][Data['Instructor']== 'Bob Belcher'])
Linda = np.array(Data['Likert'][Data[ 'Instructor']== 'Linda Belcher'])
Tina = np.array(Data['Likert'][Data['Instructor']== 'Tina Belcher'])
Gene = np.array(Data['Likert'][Data['Instructor']== 'Gene Belcher'])
Louise = np.array(Data['Likert'][Data['Instructor']== 'Louise Belcher'])

stats.friedmanchisquare(Bob, Linda, Tina, Gene, Louise)

FriedmanchisquareResult(statistic=23.138888888888907, pvalue=0.00011878735218879764)

Stat, Pvalue = stats.friedmanchisquare(Bob, Linda, Tina, Gene, Louise)
round(Stat, 3)

23.139
round(Pvalue, 6)

0.000119

Post-hoc tests for multiple comparisons of groups
Some results below differ from those reported by R. This may have to do with differences p-value
adjustment methods. For similar tests, with the p_adjust=None option, the results will be the same as

the test in R using the p.adjust.method="none" option.

The following call will prevent pandas from truncating the output.
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pd.set_option('display.max_columns', 500)

The following will order the Instructor categories by their median responses. It appears, though, that
this ordering isn’t used in the following post-hoc functions.

InstructorLevels = ['Linda Belcher', 'Louise Belcher', 'Tina Belcher',
'Bob Belcher', 'Gene Belcher']

Data[ 'Instructor'] = Data['Instructor'].cat.reorder_categories(InstructorLevels)

print(Data[ 'Instructor'].cat.categories)

Index(['Linda Belcher',
'Gene Belcher'],
dtype="object")

"Louise Belcher', 'Tina Belcher', 'Bob Belcher',

Conover test

Several different p-value adjustment methods are available. See the function documentation for the
options.

sp.posthoc_conover_friedman(Data, melted=True,
y_col="Likert"', group_col='Instructor’,
block_col='Rater', block_id_col='Rater',
p_adjust=None)

Bob Belcher

Linda Belcher

Tina Belcher

Gene Belcher

Louise Belcher

Bob Belcher 1.000000 0.000085 0.000925 1.932115e-01 4.987865e-06
Linda Belcher 0.000085 1.000000 0.381682 2.237578e-06 3.086386e-01
Tina Belcher 0.000925 0.381682 1.000000 2.509627e-05 6.434725e-02
Gene Belcher 0.193212 0.000002 0.000025 1.000000e+00 1.433972e-07
Louise Belcher 0.000005 0.308639 0.064347 1.433972e-07 1.000000e+00

Nemenyi test

sp.posthoc_nemenyi_friedman(Data, melted=True,

y_col="Likert', group_col="Instructor’,
block_col="Rater', block_id_col="Rater')

Bob Belcher

Linda Belcher

Tina Belcher

Gene Belcher

Louise Belcher

Bob Belcher 1.000000 0.102135 0.277518 0.953951 0.022372
Linda Belcher 0.102135 1.000000 0.989665 0.013570 0.981551
Tina Belcher 0.277518 0.989665 1.000000 0.055728 0.842625
Gene Belcher 0.953951 0.013570 0.055728 1.000000 0.001894
Louise Belcher 0.022372 0.981551 0.842625 0.001894 1.000000

Siegel test
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Several different p-value adjustment methods are available. See the function documentation for the
options.

sp.posthoc_siegel friedman(Data, melted=True,
y_col="Likert', group_col="Instructor’,
block _col='Rater', block_id col='Rater',
p_adjust=None)

Bob Belcher Linda Belcher Tina Belcher Gene Belcher Louise Belcher

Bob Belcher 1.000000 0.014255 0.048107 0.476767 0.002663

Linda Belcher 0.014255 1.000000 0.635256 0.001565 0.579991

Tina Belcher 0.048107 0.635256 1.000000 0.007190 0.304072

Gene Belcher 0.476767 0.001565 0.007190 1.000000 0.000203

Louise Belcher 0.002663 0.579991 0.304072 0.000203 1.000000
Miller test

sp.posthoc_miller friedman(Data, melted=True,
y_col="Likert"', group_col='Instructor’,
block_col="Rater', block_id_col="Rater')

Bob Belcher Linda Belcher Tina Belcher Gene Belcher Louise Belcher

Bob Belcher 1.000000 0.198682 0.418842 0.972890 0.060478
Linda Belcher 0.198682 1.000000 0.994127 0.040428 0.989407
Tina Belcher 0.418842 0.994127 1.000000 0.124465 0.901150
Gene Belcher 0.972890 0.040428 0.124465 1.000000 0.007940
Louise Belcher 0.060478 0.989407 0.901150 0.007940 1.000000

Example from Conover

This example is taken from the Friedman test section of Conover (1999). Note, here, that the data
aren’t in long format, but in wide format. For data in this format, the easiest thing to subset the data
into a data frame called Conover1, with just the columns of observations.

Conover = pd.read_table(sep="\\s+", filepath_or_buffer=io.StringIO("""
Homeowner Grassl Grass2 Grass3 Grass4

1 4 3 2 1
2 4 2 3 1

3 3 1.5 1.5 4
4 3 1 2 4

5 4 2 1 3

6 2 2 2 4
7 1 3 2 4
8 2 4 1 3

9 3.5 1 2 3.5
10 4 1 3 2
11 4 2 3 1
12 3.5 1 2 3.5
"))

Columns = ['Grassl', 'Grass2', 'Grass3', 'Grass4']
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Conoverl = Conover[Columns]
Conoverl

Grassl Grass2 Grass3 Grass4

0 4.0 3.0 2.0 1.0
1 4.0 2.0 3.0 1.0
2 3.0 1.5 1.5 4.0
3 3.0 1.0 2.0 4.0
4 4.0 2.0 1.0 3.0
5 2.0 2.0 2.0 4.0
6 1.0 3.0 2.0 4.0
7 2.0 4.0 1.0 3.0
8 3.5 1.0 2.0 3.5
9 4.0 1.0 3.0 2.0
10 4.0 2.0 3.0 1.0
11 3.5 1.0 2.0 3.5
pg.friedman(Conoverl)
Source W ddofil Q p-unc
Friedman Within ©.224926 3 8.097345 0.044042

sp.posthoc_conover_friedman(Conoverl)

Grassl Grass2 Grass3 Grass4
Grassl 1.000000 0.014895 0.022603 0.483434
Grass2 ©0.014895 1.000000 0.860437 ©0.071737
Grass3 0.022603 0.860437 1.000000 0.101742

References

Conover, W.J. 1999. Practical Nonparametric Statistics, 3rd. John Wiley & Sons.

Quade Test

Quade test in SAEPER

For a discussion of this test, see the corresponding chapter in Summary and Analysis of Extension
Program Evaluation in R (rcompanion.org/handbook/F 11.html).

Importing packages in this chapter

The following commands will import required packages used in this chapter from libraries and assign
them common aliases. You may need install these libraries first.
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import io

import os

import numpy as np

import scipy.stats as stats
import pandas as pd

import pingouin as pg

import scikit_posthocs as sp
import matplotlib.pyplot as plt
import seaborn as sns

from statds.no_parametrics import quade

Setting your working directory

You may wish to set your working directory for exported plots.
os.chdir("C:/Users/Sal Mangiafico/Desktop")

print(os.getcwd())

Example of Quade test
Data = pd.read_table(sep="\\s+", filepath_or_buffer=io.StringIO("""

Instructor Rater Likert
"Bob Belcher"
"Bob Belcher"
"Bob Belcher"
"Bob Belcher"
"Bob Belcher"
"Bob Belcher"
"Bob Belcher"
"Bob Belcher"
"Linda Belcher"
"Linda Belcher"
"Linda Belcher"
"Linda Belcher"
"Linda Belcher"
"Linda Belcher"
"Linda Belcher"
"Linda Belcher"
"Tina Belcher"
"Tina Belcher"
"Tina Belcher"
"Tina Belcher"
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"Tina Belcher"
"Tina Belcher"
"Tina Belcher"
"Tina Belcher"
"Gene Belcher"
"Gene Belcher"
"Gene Belcher"
"Gene Belcher"
"Gene Belcher"
"Gene Belcher"
"Gene Belcher"
"Gene Belcher"
"Louise Belcher"
"Louise Belcher"
"Louise Belcher"
"Louise Belcher"
"Louise Belcher"
"Louise Belcher"
"Louise Belcher"
"Louise Belcher"

"))
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### Convert Instructor and Rater to category type
Data[ 'Instructor'] = Data['Instructor'].astype('category')

Data[ 'Rater'] = Data['Rater'].astype('category')

### Create new variable, Likert as a category variable

Data[ 'Likert.f'] = Data['Likert'].astype('category")

### Order Speaker by desired values

InstructorLevels = ['Bob Belcher', 'Linda Belcher', 'Tina Belcher',
'Gene Belcher', 'Louise Belcher']

Data[ 'Instructor'] = Data[ 'Instructor'].cat.reorder_categories(InstructorLevels)

print(Data['Instructor'].cat.categories)

Index([ 'Bob Belcher', 'Linda Belcher', 'Tina Belcher', 'Gene Belcher',
"Louise Belcher'],
dtype="object')

print(Data.info())
#  Column Non-Null Count Dtype
© Instructor 40 non-null category
1 Rater 40 non-null category
2 Likert 40 non-null int64
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3 Likert.f 40 non-null category

Summarize data treating Likert scores as categories

pd.crosstab(Data[ 'Instructor'], Data['Likert.f'])

Likert.f
Instructor
Bob Belcher 2 1
Linda Belcher 0 ©o
Tina Belcher 0 1
1 4
0 ©

N
U

6 7 8 9 10

Gene Belcher
Louise Belcher

[CVINGIIEENN
RPONRO®
ArONMPO
NONRO
RPORRR

pd.crosstab(Data['Instructor'], Data['Likert.f'], normalize='index')

Likert.f 4 5 6 7 8 9 10
Instructor
Bob Belcher 0.250 ©0.125 ©0.500 0©0.000 0.00 ©0.000 0.125

Linda Belcher ©.000 ©0.000 ©0.125 ©0.125 ©0.50 0.125 0.125
Tina Belcher 0.000 0.125 ©0.000 0.250 0.25 0.250 0.125
Gene Belcher 0.125 ©0.500 0.375 0.000 0.00 0.000 0.000
Louise Belcher ©.000 ©0.000 ©0.000 ©0.125 ©0.50 0.250 0.125

Bar plots of data by group

sns.set_theme(style="white')

Plot = sns.FacetGrid(data=Data, row='Instructor',
margin_titles=True, height=2, aspect= 2)

Plot.map(sns.countplot, 'Likert.f")
Plot.tight_layout()

Plot.savefig('LikertBarBelcher.png', format='png', dpi=300)
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Summarize data treating Likert scores as numeric

Summary = Data.groupby('Instructor')['Likert'].describe()
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print(Summary)
count mean std

Instructor
Bob Belcher 8.0 5.875 1.885092
Linda Belcher 8.0 8.000 1.195229
Tina Belcher 8.0 7.875 1.552648
Gene Belcher 8.0 5.250 0.707107
Louise Belcher 8.0 8.375 0.916125

Quade test example

Using StaTDS

min

N b uio b
OO0

A PYTHON COMPANION TO EXTENSION PROGRAM EVALUATION

25% 50% 75% max
4.75 6.0 6.00 10.0
7.75 8.0 8.25 10.0
7.00 8.0 9.00 10.0
5.00 5.0 6.00 6.0
8.00 8.0 9.00 10.0

The quade() function in StaTDS expects data in wide format. We'll create a new data frame, Datal,
with the first column as the block and the remaining columns having observations for each of the

groups or treatments.

Rater = np.array(['a', 'b', 'c', 'd', 'e', 'f', 'g', 'h'])
Bob = np.array(Data['Likert'][Data['Instructor'] == 'Bob Belcher'])
Linda = np.array(Data['Likert'][Data['Instructor'] == 'Linda Belcher'])
Tina = np.array(Data['Likert'][Data['Instructor'] == 'Tina Belcher'])
Gene = np.array(Data['Likert'][Data[ 'Instructor'] == 'Gene Belcher'])
Louise = np.array(Data['Likert'][Data[ 'Instructor'] == 'Louise Belcher'])
Datal = pd.DataFrame({'Rater': Rater, 'Bob': Bob, 'Linda': Linda, 'Tina': Tina, 'Gene':
Gene, 'Louise': Louise})
Datal
Rater Bob Linda Tina Gene Louise

0 a 4 8 7 6 8

1 b 5 6 5 4 7

2 C 4 8 7 5 8

3 d 6 8 8 5 8

4 e 6 8 8 6 9

5 f 6 7 9 6 9

6 g 10 10 10 5 8

7 h 6 9 9 5 10
quade(Datal)

({'Bob": 3.923611111111111,
"Linda': 2.0555555555555554,
'Tina': 2.513888888888889,
'Gene': 4.625,

"Louise': 1.8819444444444444%,
8.025290473231268,
0.00019236606572845994

### The output lists the average ranks for each group,

HitH

and the test statistic and the p-value.
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rankings, statistic, p_value, critical_value, hypothesis = quade(Datal)
round(statistic, 4)

8.0253

round(p_value, 6)

0.000192

Post-hoc test for multiple comparisons of groups

Results below differ from those reported by R. This has to do with differences p-value adjustment
methods.

The following call will prevent pandas from truncating the output.

pd.set_option('display.max_columns', 500)

The following will order the Instructor categories by their median responses. It appears, though, that
this ordering isn’t used in the following post-hoc functions.

InstructorLevels = ['Linda Belcher', 'Louise Belcher', 'Tina Belcher',
'Bob Belcher', 'Gene Belcher']

Data[ 'Instructor'] = Data['Instructor'].cat.reorder_categories(InstructorLevels)

print(Data[ 'Instructor'].cat.categories)
Index([ 'Linda Belcher', 'Louise Belcher', 'Tina Belcher', 'Bob Belcher',

'Gene Belcher'],
dtype="object")

Quade post-hoc test

Several different p-value adjustment methods are available. See the function documentation for the
options.

sp.posthoc_quade(Data, melted=True,
y_col="Likert', group_col="Instructor’,
block_col="Rater', block_id_col='Rater',
p_adjust=None)

Bob Belcher Linda Belcher Tina Belcher Gene Belcher Louise Belcher

Bob Belcher 1.000000 0.004508 0.027198 0.256002 0.002176
Linda Belcher 0.004508 1.000000 0.454923 0.000215 0.776202
Tina Belcher 0.027198 0.454923 1.000000 0.001617 0.305055
Gene Belcher 0.256002 0.000215 0.001617 1.000000 0.000099
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Louise Belcher 0.002176 0.776202 0.305055 0.000099 1.000000

Example from Conover

This example is taken from the Quade test section of Conover (1999).

Conover = pd.read_table(sep="\\s+", filepath_or_buffer=io.StringIO("""

Store A B C D E
1 5 4 7 10 12
2 1 3 1 0 2
3 16 12 22 22 35
4 5 4 3 5 4
5 10 9 7 13 10
6 19 18 28 37 58
7 10 7 6 8 7

"""

quade(Conover)

({'A': 3.3392857142857144,

'B': 4.357142857142857,

'C': 3.5,

'D': 2.1607142857142856,

"E': 1.6428571428571428},
3.8292515841753727,
0.015189020073274623

rankings, statistic, p_value, critical value, hypothesis = quade(Conover)
round(statistic, 4)

3.8293

round(p_value, 5)

0.01519

Post-hoc test

Results below differ from those reported by R. This has to do with differences p-value adjustment
methods.

pd.set_option('display.max_columns', 500)

Quade post-hoc test

Several different p-value adjustment methods are available. See the function documentation for the
options.
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sp.posthoc_quade(Conover, p_adjust=None)

Store A B C D E
Store 1.000000 0.028715 ©0.255619 0.059560 0.001082 0.000248
A 0.028715 1.000000 0.263730 0.736455 0.197214 ©.072962
B 0.255619 0.263730 1.000000 0.430414 ©0.019976 ©0.005427
C 0.059560 ©0.736455 0.430414 1.000000 ©0.107638 ©0.035804
D 0.001082 ©0.197214 ©0.019976 ©0.107638 1.000000 ©.593516
E 0.000248 0.072962 ©0.005427 ©0.035804 ©0.593516 1.000000
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