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Introduction to Statistical Thinking  
 
 
Class Schedule: TBD 
Class Location: online 
Semester and Year: Fall 2020 

 
    Professor: Anthony Donoghue Office: zoom 

 Office Hours: TBD 
    Email: ad2798@columbia.edu  

 
     Teaching Assistant: TBD                                                       Office Hours: TBD 

 
       

 REQUIRED TEXT 
Donoghue, Anthony. Statistical Thinking Through Media Examples, 2nd Edition, Cognella Publishing 2019 

 

COURSE DESCRIPTION/GOALS 

The goal of this course is to provide the student with a rigorous understanding of the statistical thinking behind the 
fundamental techniques of statistical analysis used by data scientists and researchers. The student will learn how to 
apply these techniques to data, understand why they work and how to use the analysis results to make informed 
decisions.  

 

The student will leave the course with a rigorous understanding of the statistical thinking behind the fundamental 
techniques of statistical analysis. The student will have gained a rigorous understanding of the strengths and 
limitations of statistical analysis. The student will have gained insight into the necessity for this type of 
understanding in order to make informed decisions based on data. Finally, the student will have gained an 
understanding of the importance of maintaining integrity in research. 

 

Statistical thinking is the engine that drives decision making in any science that involves the analysis of data. 
Statistical thinking enables the data scientist to understand how the statistical models work, why they work and the 
level of uncertainty in their predictability. This ability to reason with the uncertainty in the model provides the data 
scientist with insight into the strengths and limitations on the use of the statistical models in practice. Statistical 
thinking enables the data scientist to think scientifically about data and the statistical models built upon data.  

 

COURSE LEARNING OUTCOMES: CLASSROOM 

 

WEEK 1 

Understanding what is data; how data is stored in a variable within a dataset; identifying different types of 
variables; defining the population and selecting the sample, the power of a random sample to provide a 
representative sample; understanding that statistical thinking begins with the question or observation; 
understanding the dangers of delving into big data looking for answers without clearly defining the question. 

 

 

 

 

mailto:ad2798@columbia.edu


2  

WEEK 2 

Introduction to data visualizations; understanding the power of data visualizations to tell the story in the data; 
understanding how to critique and create data visualizations; understanding how to do exploratory data analysis 
through the use of data visualizations; understanding how to present the data in graphical format that clearly 
communicates the message in the data; understanding how to read graphical displays to identify patterns in the 
data; understanding how to make comparisons across groups with graphical and table displays of the data; 
understanding the dangers of looking for answers in graphical displays of big data without questioning the quality 
of the data. 

 

WEEK 3 

Understanding the nature of both experimental and observational data; understanding how confounding factors 
play a role in the relationships we see in large (and small) observational datasets; understanding how to explore 
large datasets looking for relationships between variables without falling into the trap of confirmation bias; 
understanding the power of randomized experiments and why they are effective in determining causal 
relationships; development of critical and basic statistical thinking skills by questioning the quality of the data 
collected in terms of its validity, reliability and bias; understanding the many biases that can be an inherent part of 
the data collected affecting the quality and interpretation of data analysis results. 

 

WEEK 4 

Understanding how to visualize, summarize and reason with the variation in quantitative data; understanding the 
distribution of individual measurements through the use of graphical displays like histograms and boxplots; 
learning how to read these graphical displays to communicate the story in the data; understanding the statistical 
measures of central tendency and variability of individual measurements around the measure of central tendency; 
understanding how to calculate and reason with these statistics; learning how the distribution of measurements 
often take on the shape of what is known as the normal distribution; understanding the characteristics of the 
normal distribution and how to use it to ask probability questions about possible outcomes or events occurring; 
understanding alternative measures of central tendency and variation for what are known as skewed distributions. 

 

WEEK 5 

Understanding the basic rules of probability; understanding how to reason with the chances of particular events 
occurring; understanding why chance plays such an important role in statistical decision making; further 
understanding of the dangers of data mining and confirmation bias – delving into large datasets looking for 
answers or relationships between variables; understanding the law of truly large numbers; understanding the 
probability rule known as Bayes Rule and how it can be applied to large real-world datasets. 

 

WEEK 6 

Understanding how to measure and reason with the variability in sample statistics from sample to sample; 
understanding how the distribution of sample statistics follows the normal distribution (known as the sampling 
distribution) centered at the population parameter of interest; understanding why this result (known as the central 
limit theorem) is a framework we can use for making statistical decisions about population parameters of interest; 
understanding the power of bootstrapping as an alternative method for determining the sampling distribution. 

 

WEEK 7 

Midterm Review and Midterm Exam: Reviewing and testing your understanding of what we covered so far. 
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WEEK 8 

Understanding how we can use the sampling distribution to construct confidence intervals for our unknown 
population parameter of interest; understanding what confidence intervals and confidence levels mean; 
understanding how to reason with confidence intervals to appreciate the amount of uncertainty (due to sampling 
variability) with regard to the true value of the population parameter of interest; understanding how the validity of 
the level of confidence in the confidence interval depends on the quality of the data collected with regard to the 
errors and biases the data may contain. 

 

WEEK 9, WEEK 10 AND WEEK 11 

Understanding hypothesis (significance) testing and how it can be used to make statistical decisions about the 
value of a population parameter of interest; understanding the four step process of hypothesis testing and how to 
reason with the concept of sampling variability to choose between the null hypothesized value (or null model) for 
the population parameter and the alternative hypothesized model; understanding the p-value and what it means in 
the context of significance testing; understanding how the validity of our p-value depends on the quality of the 
data collected; understanding the strengths and limitations of hypothesis testing; understanding the two types of 
error we can make when using hypothesis testing and the power of the hypothesis test for making the correct 
decision. 

 

Understanding how to visualize relationships between two quantitative variables using scatterplots; understanding 
the correlation coefficient as a measure of the strength of the linear relationship between two quantitative 
variables; understanding and identifying the many non-causal ways two variables can be related; understanding 
how to explore large datasets with numerous variables to identify important associations or relationships; 
understanding the influence of outliers on our measure of correlation.  

 

WEEK 12 

Understanding the underlying reasoning of linear regression by fitting a line to our scatterplot of two quantitative 
variables known as simple linear regression; understanding the effect of outliers on the regression line; testing the 
adequacy of our simple linear regression model; understanding how to build more sophisticated models with 
numerous variables called multiple regression models; understanding there are many possible models (or answers 
to our questions) and how to reason with uncertainty to choose the best predictive model; understanding how to 
choose the best predictive model based on the variables collected, and the dangers of overfitting and collinearity; 
understanding how to explain what the model means (and its implications) to co-workers and management.   

 

WEEK 13  

Understanding the importance of maintaining integrity in research; understanding how the process of hypothesis 
testing can be misused and manipulated to the researcher’s advantage; understanding the impact of data science 
on privacy, protection of personal data, bias in automated decision-making and the social impacts of automation. 

 

Final Review: Preparation for final exam 

 

COURSEWORK 

CLASS ASSIGNMENTS: There will be 10 weekly assignments which will include mini-projects involving the analysis 
of real-world data. The lowest graded assignment will be dropped.  

 

EXAMS: There will be a midterm and final exam. The exams will not be cumulative. They will focus on testing your 
understanding of the statistical concepts you learn in-class and in the textbook. There will be a review class before 
each exam and you will be provided with exam preparation material – exam type questions with solutions. There 
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will be a minimum of calculations in the exam. The main purpose of the exams is to test you conceptual 
understanding of the material.  

GRADING: Assignments: 27% Midterm: 28% Final: 45% 

 
COURSE REQUIREMENTS AND EXPECTATIONS: 
1. You are expected to come to class on time to prevent disrupting the lecture and classroom activities.  
 
2. Complete all assigned readings prior to the class session. 
 

3. This course will strictly adhere to the colleges policies on plagiarism and academic integrity.  
 
4. Complete all assignments by the due date and time  

  Late assignments will not be accepted unless you have a bona-fide reason for not handing in on time. 

 

TEXTBOOK 
Donoghue, Anthony. Statistical Thinking Through Media Examples, 2nd Edition, Cognella Publishing 2019 
 

COURSE OUTLINE: Please review lecture slides and read related chapter in text before class 

 

Lecture Topic Textbook/Slides/ 
Homework Due Date 

1 Syllabus and Introduction Chapter 1 / Slides 

2 Basic Concepts Chapter 1 / Slides 

3 Exploratory Analysis with Data Visualizations and Table 
Displays 

See Slides 

4 Experimental and Observational Data Chapter 1 / Slides / Homework 01 

5 Experimental and Observational Data  Chapter 1 / Slides 

6 Questioning the Quality of the Data Collected Chapter 2 / Slides / Homework 02 

7 Visualizing and Summarizing Quantitative Data Chapter 4 / Slides 

8 Working with the Normal Distribution of Data Chapter 4 / Slides / Homework 03 

9 Randomness and The Basic Rules of Probability Chapter 5 / Slides 

10 Conditional Probability and Bayes Rule Chapter 5 / Slides / Homework 04 

11 Visualizing and Summarizing Sample Statistics – Means and 
Proportions 

Chapter 6 excluding section 6.3.4 
/ Slides 

12 Visualizing and Summarizing Sample Statistics – Mean 
Differences and Bootstrapping 

Chapter 6 excluding section 6.3.4 
/ Slides / Homework 05 

 Midterm Review  

 Midterm Exam  

13 Making Statistical Decisions with Confidence Intervals – 
Population Mean and Population Proportions 

Chapter 7 excluding section 7.4.4 
/ Slides 

14 Making Statistical Decisions with Confidence Intervals – 
Population Mean Differences: Independent and Paired Groups 

Chapter 7 excluding section 7.4.4/ 
Slides / Homework 06 

15 Making Statistical Decisions with Hypothesis Testing – 
Population Proportions 

Chapter 8 section 8.1 to 8.3 / Slides 
 

16 Making Statistical Decisions with Hypothesis Testing – 
Population Means 

Chapter 8 section 8.4 and 8.5 / Slides 
/ Homework 07 

17 Making Statistical Decisions with Hypothesis Testing – 
Population Mean Differences – Independent and Paired Tests 

Chapter 8 section 8.7  
/ Slides 
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18 Making Statistical Decisions with Hypothesis Testing – Analysis 
of 2x2 Tables 

Chapter 8 section 8.10 
/ Slides / Homework 08 

19 Making Statistical Decisions with Hypothesis Testing – Types 
of Error and The Power of the Test 

Chapter 8 section 8.11 
/ Slides 

20 Correlation Analysis Chapter 9 / Slides / Homework 09 

21 Simple Linear Regression Chapter 9 / Slides 

22 Multiple Linear Regression  Chapter 9 / Slides / Homework 10 

23 Integrity in Research Chapter 10 / Slides 

24 Final Review  

 

 


