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Overview 
 

Introduction of the book  from the Editors  
Having met at the Society for Teaching Psychologyôs (STP) annual conference, we immediately 
bonded over our shared love for teaching statistics. We agreed on the potential for statistics to 
meaningfully shape the knowledge, skills, and experiences of our students and the importance 
of living up to that potential. Thus, after much discussion, reflection, and shared enthusiasm for 
supporting other teachers of statistics, we decided to embark on this new adventure.  

The heart of this book originates from our shared sentiment that statistics is a crucial component 
in the curriculum of undergraduate psychology programs, yet it remains one of the most 
challenging courses for students to take and for faculty to teach. Such difficulty stems from 
several aspects of the course. For students, the course can be daunting due to the emphasis on 
quantitative analyses, low math self-efficacy, challenges with learning new computer software, 
heavy workload, and the perception that statistics will have little value in their personal and 
professional lives. For faculty, the course can be daunting due to the high workload, potential 
interference of negative student attitudes, and limited resources. The number and complexity of 
these factors can make teaching statistics feel overwhelming, but it doesnôt have to be.  

This book is a labor of love designed to provide readers with advice, best practices, and fun 
ideas for teaching an introductory statistics course to undergraduate psychology students. We 
solicited contributing authors that have used research and best practices from the scholarship of 
teaching and learning to provide an outstanding resource for instructors of statistics. 

An additional consideration in creating this book relates to changes in higher education that 
have created the need for new approaches to delivering content. More non-traditional and first-
generation students are attending college than ever before, and technology has transformed 
course formats to include complete or partial online components. Moreover, the increasing cost 
of education has created a new demand for high enrollment courses and free or low-cost course 
materials. Thus, we encouraged authors to include activities that can be used for multiple 
teaching modalities (online, in-person, small or large classes, etc.), or to include ways to adapt 
the activity depending on the course environment.  

Finally, we felt it important that the content in the chapters reflect important student learning 
outcomes. To this end, we used guidelines from the 2014 American Psychological Association 
statistical literacy task force (APA 2014) and the Guidelines for Assessment and Instruction in 
Statistics Education (GAISE) from the American Statistical Association as a framework for the 
book (Table 1). The GAISE and APA goals include suggested practices for instructors to use an 
applied approach to teaching statistics, active learning activities, and technology in 
undergraduate statistics courses. 

Table 1. APA (left) and GAISE (right) goals for teaching statistics to undergraduates 

APA (2014) Goals GAISE Goals (2016) 

1. Interpret basic statistical results 1. Teach statistical thinking. 

2. Apply appropriate statistical strategies to 
test hypotheses 

2. Focus on conceptual understanding. 
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3. Apply appropriate statistical and research 
strategies to collect, analyze and interpret 
data, and report research findings 

3. Integrate real data with a context and a 
purpose. 

4. Distinguish between statistical 
significance and practical significance 

4. Foster active learning 

5. Evaluate the public presentation of 
statistics 

5. Use technology to explore concepts and 
analyze data.   

 
6. Use assessments to improve and evaluate 
student learning. 

 

In addition, for those faculty interested in addressing specific APA and GAISE learning 
outcomes, we have identified how each chapter connects to the goals put forth by each 
taskforce (See Table 2). 

Table 2. Focal goals for each chapter in accordance with APA and GAISE  

Note: X= primary goal, O = subgoal 

Chapter topic APA GAISE 

 1 2 3 4 5 1 2 3 4 5 6 

Part 1            

1 Stats Everywhere    X X X X  X X  

2 Teaching Online   X      X O  

3 Flipping the Course      X   X   

4 Reflective Learning      X   X   

Part 2            

5 Passion Driven Statistics O O    O O X O X  

6 Service Learning  O    X   O   

7 News & Research X   O X X     O 

8 Writing in Stats Courses      X X  O   

Part 3            

9 Application & Engagement      X X  X   

10 Puzzles & Games  X     X  X   

11 Manipulatives Activities X O      O X   

12 Using StatHand  X O   O    X  

Part 4            

13 The New Statistics O O    X  O X   

14 Meta-analysis    X O O X     

15 Replication O  O  X O X O    

16 Confidence Intervals   X   O      

Part 5            

17 Jamovi  O       X X  

18 R  O O   O O  O X  

Additional resources            

19 Compendium X X X X X X X X X X X 
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Organization of the Book 

The book is organized into five main considerations for teaching undergraduate statistics. Part 1 
examines possibilities for course design, Part 2 shares semester long projects or semester-
based activities for the course, Part 3 shares fun and engaging activities that can be integrated 
into your statistics course, Part 4 shares advanced topics to be educating your students on, and 
Part 5 expands on students using statistical software, highlighting use of two free statistics 
software programs for teaching statistics. We end the book with a compendium chapter full of 
further resources to check out.   

Part One: Considerations for Course Design 

Creating a well-structured, well-executed course is one of the many challenges of teaching. This 
can be compounded with a high workload, high demand course such as statistics. Thus, Part 1 
examines possibilities for various approaches to course development, from the philosophical 
approach to course design to platform considerations such as online and flipped classroom 
experiences. 

In Chapter 1, Hartnett leads with an important message: while fewer than 5% of psychology 
majors go on to earn Ph.Ds. in psychology, over 80% of college students indicate that getting a 
better job after graduation is a ñvery important reasonò to go to college. In this opening chapter, 
Harnett provides ways we can increase student buy-in to undergraduate statistics by sharing 
why and how to teach it at a practical level for a novice, applied statistician as well as 
highlighting the essential jobs skills gained from taking the course.   

Chapter 2, by Wison-Doenges, shines a spotlight on online teaching.  Techniques for teaching 
statistics online, connected to best practices in instructor behavior and technical content delivery 
are shared. The advice is divided into two general categories: teacher behavior and 
communication which includes communicating frequently in all aspects of the course, being 
engaged, and providing prompt feedback; and the technical delivery of content which includes 
consulting with campus instructional designers to maximize use of the Learning Management 
System, organizing content to align with course objectives, making short videos, developing 
meaningful discussions, allowing students to turn in pictures of their handwritten work, and 
holding online office hours.  

Chapter 3, by Posey and Nusbaum, presents evidence for the efficacy of active learning using a 
flipped classroom approach. Their experience flipping a statistics class is presented, with a 
discussion of studentsô impressions, logistics, and benefits as well as drawbacks. 

In Chapter 4, Waggoner Denton explains how reflective learning can strengthen studentsô 
understanding of statistics.  In a challenging course such as introductory statistics, students 
learn about themselves, and learn statistics through specific, strategic reflection. The potential 
benefits of reflection and strategies for incorporating reflective activities into the statistics course 
are reviewed. 

Part 2: Course Project Ideas 

Once youôve addressed the overall design of your class, you will want to consider course 
projects to encourage student development and demonstration of knowledge. To this end, Part 
2 shares semester long projects or semester-based activities for the course, such as service 
learning and writing about statistics. 

To begin, Gallagher, Flaming, and Dieker (Chapter 5) share the concept of Passion-Driven 
Statistics, a project-based approach to teaching statistics that involves students in the rich and 
complicated decision-making process of real-world statistical inquiry. Core features of the 
approach include providing opportunities for students to apply their knowledge flexibly in the 
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context of real data, the use of technology as a window to core statistical concepts, supporting 
students with varying levels of preparation, and attracting and inspiring students from 
underrepresented groups.  

In Chapter 6, Collinsô course project takes on a social justice theme by incorporating service 
learning into the teaching of statistics. This chapter provides a guide to implementing a 
community-based partnership into a social science statistics course. The chapter outlines the 
process of project implementation and provides insights into future successful implementation. 

Chapter 7, written by Beyer, focuses on scaffolding a final writing assignment that assesses 
studentsô critical thinking skills and application of statistical knowledge. Students analyze news 
article coverage connected to a primary research article, explain course concepts connected to 
the research article, and critically evaluate how the research findings are presented.  

Finally, Chapter 8, written by Principe, expands on making statistics a writing-focused course. 
Although writing and data analysis are rarely combined in courses, both represent forms of 
critical thinking. This chapter argues that studentsô quantitative and writing skills are both likely 
to improve when the professor emphasizes these skills as complementary to the primary skill of 
thinking critically.  

Part 3: Learning & Engagement Activities 

After establishing learning goals and course projects, you can begin to add some depth and 
character to your course. You might consider what types of activities, games, and assignments 
might serve the dual purpose of teaching and engaging students. To this end, Part 3 shares fun 
and engaging activities that can be integrated into your statistics course. 

In Chapter 9, Peters provides readers with class activities that will engage students with the 
content, such as using pop culture references, encouraging student application of the material, 
and increasing student awareness of professional skill development. Activities discussed in this 
chapter vary between single examples for class concepts and more major investment semester 
activities, such as long projects and course design elements.  

For Chapter 10, McIntyre shares how puzzles are a fun, flexible tool that can spark students' 
sense of discovery in statistics. This chapter offers advice for designing and implementing 
statistical puzzles, including evidence-based tips for maximizing student engagement and 
learning outcomes. 

Chapter 11, by Fetterman and Kneaval, is full of activities based on manipulatives (tangible 
items that can be used to demonstrate mathematical concepts such as food or Legos). 
Manipulatives are an effective method of illustrating statistical concepts and also help students 
cope with anxiety they have when taking statistics and research methods., The authors present 
manipulatives that address typical concepts covered in a psychology statistics course, along 
with lists of materials and suggestions for how to instantiate them in classrooms. 

In Chapter 12, Allen, Fielding, Kay, and East describe the rationale, implementation, and 
evaluation of a brief training activity to improve studentsô statistic selection skills. The activity is 
built around StatHand, a free iOS and web application. The chapter appendices include the 
authorsô training materials and over 40 research scenarios that can be freely adapted by 
instructors for formative and summative learning purposes. 

Part 4: Advanced Topics 

As the field of psychology moves away from p-values and null hypothesis significance testing, 
you might be interested in how to more formally or fully incorporate other concepts into your 
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course. Part 4 shares additional topics to include in your course, including replication, meta-
analysis, and confidence intervals. 

In Chapter 13, Smith provides an overview of the ñnewò statistics. Following a brief review of 
how statistics apprehensions negatively impact psychology statistics students, a concrete 
example of a lesson using the new statistics is provided. This lesson, with emphasis on the new 
statistics, both teaches cutting edge methods while simultaneously helping students learn and 
love statistics. 

Chapter 14, by Greene, Corcoran, and Bauer, shares how teaching replication in an 
undergraduate statistics class can enhance student learning of statistics and make students 
more critical thinkers about research in psychology. With a range of example activities that vary 
in time commitment from semester-long to single-day, this chapter provides important resources 
for instructors interested in introducing replication in their statistics courses. 

In Chapter 15, Fayard provides activities for introducing meta-analysis in the introductory 
statistics curriculum. The focus is on conceptual aspects of meta-analysis that are intended to 
increase studentsô understanding of psychology as science and integrate and reinforce 
concepts from statistics and research methods. The author also shares resources for instructors 
who want to learn more about meta-analysis. 

Chapter 16, written by Cavanagh, is on the topic of confidence intervals. Cavanagh discusses 
how null hypothesis significance testing (NHST) encourages researchers and consumers of 
research to think in dichotomous terms, which often highlight differences rather than agreement 
in statistical results. The author reviews the perspective of advocates of the ñnewò statistics, and 
recommends the use of confidence intervals to encourage meta-analytic thinking.   

Part 5: Open Data Analysis Software 

Part 5, the final section, expands on students using statistical software, highlighting faculty use 
of two free statistics software programs for teaching statistics. 

In Chapter 17, Coats and Mienaltowski share their experiences of teaching Jamovi. This free 
software, which runs on the R programming language, is a user-friendly alternative to SPSS. 
The authors describe how Jamovi is used to teach important statistical concepts such as t-tests, 
ANOVAs, correlations, and regression. Discussion includes pitfalls to avoid and evidence of 
effectiveness. 

Samson, in Chapter 18, shares more about teaching R to students in introductory statistics 
courses. This chapter provides assurance that, with the appropriate support, even beginning 
statistics students can use R successfully. Specifically, Samson demonstrates one way that 
support might be provided with sample materials included.  Statistics instructors are encouraged 
to consider using R for reasons of access as well as promotion of deep conceptual 
understanding and preparation for graduate study and the workforce.  

Additional Resources 

Bies, in Chapter 19, builds a strong compendium of resources for teaching statistics. This 
chapter provides a set of resources that map onto previous chapters from the book. The 
resources are organized by chapter order and topic. For continuity and ease of use, entries are 
duplicated in cases where they are relevant for more than one chapter. Following the list, a 
summary table maps onto the APA and GAISE goals for teaching statistics to undergraduates 
for each of the resources.  
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Chapter 1 
 

Show Your Students that Statistics are Everywhere 

Jessica Hartnett, PhD 
Gannon University 

Summary 

Only 4% of psychology majors go on to earn Ph.D.s in psychology. Meanwhile, 84% of college 
students indicate that getting a better job after graduation is a ñvery important reasonò to go to 
college. As such, I think that we can increase student buy-in to undergraduate statistics if we 
teach it at a practical level for a novice, applied statistician, highlighting examples that use 
statistics in the real world. 

Why we need to change how we teach statistics 

I have taught Psychological Statistics (aka Introduction to Statistics) 60+ times over the last ten 
years, teaching both psychology and non-psychology majors the basics of statistics. Over the 
years, I have modified my course, searching for a way to introduce and explain statistics that felt 
authentic for me as an instructor and relevant and worthwhile for my students. I think I have 
found a method that works: Over the semester, I show my students that statistics are 
everywhere, and data can inform complicated (not just psychology) questions. I teach my 
students that statistical literacy is a flexible, adaptable, necessary skill for any career.  

To teach this way, you cannot just tell your students that statistics and data are everywhere. 
You must show them. I will use this chapter to describe two strategies I use to convince my 
students that statistical literacy is a sought after and valuable skill.  

1. Starting on the very first day of class, I present students with three facts to argue that 
statistics are necessary in the modern and future workplace and that I want to help my 
students to succeed in that workplace.  

2. I reinforce this message during the semester by teaching in a practical, applied manner, 
emphasize computing, communication, and examples from different disciplines.  

Three facts for the first day of class  

To make statistics relevant for students, I use three facts to convey to the students that I believe 
that they want to succeed, I understand the sorts of jobs they want upon graduation, and that 
my class can help my students develop the skills necessary to succeed.  

Fact #1: Most college students indicate that getting a better job is ña very importantò 
reason to attend college. 

The National Association of Colleges and Employers (NACE) surveys incoming first year 
college students every year, asking them questions about college preparedness, why they 
chose their college, and what they expect to get from their college education. On this survey, 
84% of students indicated, ñTo get a better jobò as a very important reason for attending college 
(Stolzenberg et al., 2019).  



 

   
 

14 

Why not align how you teach with your studentsô goal of getting a better job? Teaching content 
is necessary but teaching your students a new, specific skill set is invaluable. Which leads to the 
next question: What skills do employers want in job applicants? 

Fact #2: Potential employers want to hire people with skills they can develop in statistics 
class. 

NACE also asked hiring managers what skills they look for directly on potential hires resume. 
71% of hiring managers want analytic/quantitative skills, and 82% want candidates with written 
communication skills (NACE Staff, 2018).  

Analytic/quantitative skills and written communication skills are already necessary components 
of a statistics course. As we teach our students to conduct statistical analyses and then 
communicate the results of these findings, they gain content knowledge in the field, but they 
also become more employable. I suggest that you structure your course so you nurture your 
studentsô analytic skills with the core course content, and strengthen their communication skills 
by emphasizing their statistical literacy and data reporting skills. However, statistical skills cover 
broad level abilities, from individuals who can generate bar graphs for their Luddite boss to the 
most cutting edge, Bayesian-thinking, Python-using analysis in the business. So, at what level 
should an undergraduate psychology instructor teach to best serve their students? I think that 
depends on what our students are doing with their psychology degrees. Which takes us to fact 
#3:     

Fact #3: Most psychology majors will apply for bachelor and master degree level jobs. 
We should teach statistical skills that will serve these students, not just students who are 
PhD bound. 

According to the APA Center for Workforce study (CWS Data Tool, n.d.), there are 3.5 million 
Americans with Bachelorôs degrees in psychology. Fifty-six percent (56%) of them did not 
pursue any graduate degree. Four percent (4%) obtained PhDs in psychology, and 13% 
obtained masterôs degrees in psychology. The rest of them pursued graduate work outside of 
psychology. The majority of our students are not going into quantitatively rigorous doctoral 
programs. As such, I believe we need to re-think what we emphasize in our Introduction to 
Statistics courses to best serve students who may never take another statistics course. All of 
our students should be able to compute and interpret ANOVA, t-test, chi-square, regression, 
and correlation. All of our students also need to learn necessary data communication skills and 
how to read and evaluate data.  

To reiterate: Our students want to get jobs. What kind of jobs? Mostly jobs that do not require a 
doctorate. The gate-keepers to those jobs, the hiring managers and employers, want employees 
with analytic and communication skills. We should use these facts to inform our course structure 
and content. Specifically, I think we should teach an applied introduction to statistics class that 
emphasizes the computing and communication of statistics that many of our students will 
encounter in the workforce.  

Teaching Statistics So Your Students Can Use Statistics 

I think we need to teach statistics the way it is used in real life. One part of this, which may be a 
substantial departure for many of you who teach statistics, is to stop calculating test statistics by 
hand and instead teach your students to conduct statistical analyses using only software and 
computers. I believe this for two reasons. One, no professional outside of a classroom has done 
this work by hand in decades. Two, we calculate test statistics to determine p-values. And then, 
if we are doing our job right, we have to explain to our students that they just spent a lot of time 
calculating a test statistic to get a p-value but p-values are growing out of favor and being 
augmented with effect sizes and confidence intervals. By teaching our students to communicate 
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findings both formally and informally, depending on the audience. I strongly believe we need to 
teach students very applied, practical, useful statistics classes filled with engaging, applied 
examples. 

I am suggesting a big change, teaching statistics with minimal equations. Many of us teach 
introductory statistics the way we learned it: With a heavy emphasis on by-hand calculation in 
order to teach theory. You, a statistics instructor, were probably taught this way. Most statistics 
textbooks spend dozens and dozens of pages explaining and working through formulas. The 
main argument for this approach is that if students cannot understand the guts of statistics, they 
cannot understand WHAT the statistics are doing, without working through the underlying the 
math.  

I believe you can teach theory without formulas. One counter argument I hear against this 
approach is that you cannot teach statistical tests without working through the formula for these 
tests by hand. I disagree. If you want to teach your student t-test theory, explain that t-tests 
were created by Gosset to accommodate small sample sizes, and they only ever compare two 
groups using one dependent variable. Provide your students with a research question and ask 
them to design different research studies that correspond with the different kinds of t-tests 
(Hartnett, 2013). You can explain paired t-tests using the example of the twin brothers (and 
astronauts) Mark and Scott Kelly (Hartnett, 2016). One was in space for over a year, the other 
for a few weeks. NASA is studying these identical twins in order to better understand the long 
term side effects of weightlessness and exposure to solar radiation.  

Explain ANOVA and the concept of between and within group differences not with dry equations 
but with polling data. For example, look at how religious groups differ from one another on 
beliefs about climate change, and how individuals within one religion can have various opinions 
about climate change (https://notawfulandboring.blogspot.com/2016/01/explaining-between-
and-within-group.html). 

Explain how expertise is required to interpret effect sizes by describing the simultaneously small 
and large effects related to a malaria vaccination that is ñonlyò 30% effective (Hartnett, 2019).  

Using these applied, conceptual examples will also provide repeated evidence of the initial, first 
day of class argument that data is everywhere and statistical literacy is required across a wide 
array of disciplines, like biology, space travel, religious studies, and environmental studies. 

One point of clarification: If you are teaching a student who falls in the 4% who will be going to 
graduate school, perhaps you should increase their math knowledge by advising them to earn a 
minor in computer science, statistics, or mathematics (depending on the structure of the 
university). I believe that such a student will still benefit from the pedagogy I have described but 
also need additional statistical education. Further information in this volume will describe using 
R and Jamovi to teach undergraduate statistics, which are beneficial and free programs for 
more advanced statisticians but can also be used in the Intro Stats classroom (see chapters 17 
& 18 for Jamovi and R). 

Spend precious instructional time teaching your students how to use software to 
perform statistics. And then show them again. I know we talk a lot about how our iGen 
students are digital natives, but they are still intimidated by math and learning new software to 
perform math. Showing your students how to use new software only once, in a lab section, is 
not sufficient for mastery. Additionally, walking through the logic of interpreting a p-value and an 
effect size once, or twice, or three times, is not enough. Reinforce these lessons with every 
computer-based example. Students need ample examples to understand this, especially how to 
handle statistical tests that result in a significant p-value but a small effect size.  

While I emphasize teaching via computers, actually teaching in a physical computer lab helps 
but is not necessary. There are different ways to go about providing support for student work on 

https://notawfulandboring.blogspot.com/2016/01/explaining-between-and-within-group.html
https://notawfulandboring.blogspot.com/2016/01/explaining-between-and-within-group.html
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computers. You should work with your Information Technology Support to make sure that the 
proper software is available, although most computers provide students with Excel, and JASP, a 
free point-and-click software program, can be used via internet browser. If you are interested in 
teaching your student coding, you could use another JASP-based, also free program Jamovi, 
that uses both the JASP and R interfaces. You could also teach your students R as well. If you 
work at a larger university, devote lecture time to applied theory and working through examples, 
and lab time practicing software. You should also work with your university to see if there are 
any laptop or tablet lending programs your students can use. If your university provides 
mandatory laptops or tablets, you may want to determine if the software that you want to use is 
compatible with those university initiatives. If none of that works, you can offer ample in-class 
examples from one of these programs connected to your personal laptop. You can create 
videos using Kaltura or other specialty desktop recording software. You can teach students to 
conduct analysis on tablets or mobile devices. 

In addition to teaching our students to be confident and fluent when performing statistical 
analyses, I also believe we must train our students to write about data (for more on this, see 
chapter 8). By improving their written communication skills, we can help them find and keep 
jobs, and I believe that we should dedicate a substantial amount of our face to face time with 
our students to these goals. This emphasis serves both workforce preparation goals as well as 
graduate school preparation goals. If you are in a position to select a graduate student or 
graduate RA, what would you prefer: A student who can perform a regression by hand with a 
calculator, or a student who can conduct a regression using software and interpret and report 
that regression using APA formatting basics?   

In addition to emphasizing and living The Three Facts of Computing and Communication, I 
believe it helps students to see multiple examples of the statistics they are using. I also think 
that exclusively using psychology research examples may not benefit students who are more 
interested in and drawn to applied examples that are not necessarily based in psychology 
research. I think there is a real advantage to couching your statistical test examples in good 
science reporting, as to emphasize the role of statistics in all kinds of research without dealing 
with jargon and specialty education barriers you encounter when trying to teach with actual 
research articles. Finally, an additional benefit to this type of teaching may be to reduce overall 
anxiety in the classroom (Chew & Dillon, 2014) by reducing the emphasis on mathematics. 

Applied and varied statistical examples 

To emphasize the fact that statistics are used across all disciplines and workplaces, I do the 
hard sell described in the first portion of this chapter. Over the semester, I continue to promote 
the message by using applied examples from varied occupations. Here, I will detail two types of 
applied examples: Conceptual and concrete. Conceptual examples, which are described in the 
previous section, can replace formula when we teach our students the guts of statistical tests. 
The second type of example is more concrete, and use real life examples paired with data to 
provide students with computational examples.  

These examples all use real-life, high-quality science reporting from popular sources (e.g., NPR, 
Time Magazine). I take the popular report about real science, generate fake data that mimics 
the actual finding, and then the students analyze the data. After listening to or reading the 
popular story, students learn about the bigger context for the research project and know the 
results of their data analysis before conducting the data analysis. Researchers had success 
using popular source articles about problems involving statistics and found that students were 
able to transfer statistical thinking to critical writing about the popular source articles (Daniel & 
Braasch, 2013).  
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You might think that this takes the fun or challenge out of the analysis. I donôt disagree with you. 
I donôt think your students should know all of the outcomes for all of the examples they use in 
your class. However, the first time that your students conduct a new statistical test, I believe that 
by providing them with the results before they analyze their data, we allow them to concentrate 
on the process of data analysis, and not the end results. Indeed, the results are important in 
practice, but not as important during the learning process. 

Here are two popular science examples from NPR I use to introduce ANOVA and chi-square. 
The first tested whether or not silence, music, or audiobooks could decrease pain in pediatric 
surgery patients. I play the news report by Patty Neighmond (n.d.), ñTo Ease Pain, Reach For 
Your Playlist.ò Her report describes the original research (Suresh, De Oliveira, & Suresh, 2015) 
and includes an interview with two of the co-authors. The study found that both audiobooks and 
music participants experience a one-point decrease on the Wong-Baker Pain Scale, and both of 
those groups are significantly different than kids in the control group. I created a fake data set 
that mimics the actual findings, and that data set as well as more information on the activity is 
available at my blog: https://notawfulandboring.blogspot.com/2015/08/anova-example-using-
patty-neighmonds-to.html. 

This example hits on numerous statistical and research methods lessons: In a world stymied by 
click-bait news stories, this example uses high-quality science reporting about research. It also 
demonstrates statistics used in medical research. As a class, you can even circle back around 
and discuss the shortcomings of this research (e.g., very small n-size) and how the study could 
be improved and replicated. Hypothesis generation is also described: The research was 
inspired by the father-daughter co-authorsô mother and grandmotherôs stay in a hospital. 

My second example introduces the chi-square test of independence with research that studied 
empathy in very young children (Cirelli, Wan, & Trainor, 2014). Researchers divided children 
into two groups: Children who danced in sync or out of sync with a stranger. Next, they created 
a situation in which the child could assist or not assist that stranger. The researchers found that 
the children were more likely to provide assistance if they had danced in sync with the stranger. 
I turned this in a 2 x 2 chi-square. You can access my fake data that mimics real findings at my 
blog: https://notawfulandboring.blogspot.com/2018/06/chi-square-example-via-dancing.html  

Again, this example features high-quality science reporting. It also describes the inspiration for 
the original research: Before graduate school, the principal investigator worked at a daycare 
center. Working with children sparked her interest in developmental psychology. This example 
also demonstrates how research can inform and improve intimate parts of our lives, like 
parenting and encouraging bonding with our children. 

To generate data sets, I use two different sources: Richard Landerôs Dataset Generator for 
Learning Introductory Statistics (https://rlanders.net/dataset-generator/) or Andy Luttrellôs Data 
Generator for Teaching Statistics (http://andyluttrell.com/datagen.html).  

Wrap up 

I believe that statistics instructors are in a unique position to teach our students a specific skill 
set in addition to a basic content area for psychology. By using the methods I describe, you can 
even advise your students to add this line to their resume at the end of the semester: 

Special skills: Novice data analysis using JASP software, including descriptive statistics, t-tests, 
ANOVA, regression, correlation, and chi-square. 

Coda: If you have any other questions about my techniques, feel free to email me at 
hartnett004@gannon.edu. If you are interested in seeing my other ideas for the teaching of 
statistics, feel free to visit https://notawfulandboring.blogspot.com or follow me on Twitter at 
@notawful.  

https://notawfulandboring.blogspot.com/2015/08/anova-example-using-patty-neighmonds-to.html
https://notawfulandboring.blogspot.com/2015/08/anova-example-using-patty-neighmonds-to.html
https://notawfulandboring.blogspot.com/2018/06/chi-square-example-via-dancing.html
https://rlanders.net/dataset-generator/
http://andyluttrell.com/datagen.html
mailto:hartnett004@gannon.edu
https://notawfulandboring.blogspot.com/
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Chapter 2 
 

Teaching Statistics Online: Advice for Being Your Best No Matter the Modality 

Georjeanna Wilson-Doenges, PhD 
University of Wisconsin-Green Bay 
 

Summary 

Teaching statistics is certainly challenging no matter the delivery method, but the course can be 
especially daunting when taught completely online (Breneiser, Rodefer, & Tost, 2018). 
Particularly with a course like statistics where many students feel overwhelmed, anxious, or that 
they are ñbad at math,ò instructors may struggle with how to provide the same level of support in 
the online environment, especially when students vary widely in their preparedness (Grandzol, 
2004). Regardless of the delivery method or course content, we know what it takes to be a good 
teacher (Kirby, Busler, Keeley, & Buskist, 2018). Using what we know are behaviors that model 
teachers use, this chapter will provide advice for teaching statistics online using these model 
teaching criteria as a guide. The advice is divided into two general categories: teacher behavior 
and communication which includes communicating frequently in all aspects of the course, being 
engaged, and providing prompt feedback; and the technical delivery of content which includes 
consulting with campus instructional designers to maximize use of the Learning Management 
System, organizing content to align with course objectives, making short videos, developing 
meaningful discussions, allowing students to turn in pictures of their handwritten work, and 
holding online office hours. Being mindful of both to use best practices regarding instructor 
behavior as well as the technical delivery of content can provide excellent online statistics 
courses that create the conditions for student success. 

Introduction  

Teaching statistics is certainly challenging no matter the delivery method, but the course can be 
particularly daunting when taught completely online (Breneiser, Rodefer, & Tost, 2018). Higher 
education is changing rapidly and one of the strategies for adapting is offering courses in a 
completely online format. Online courses are growing in popularity as enrollments continue to 
increase year after year with recent data showing that 15.4% of all students are studying 
exclusively online (Lederman, 2018). One of the best-selling points for online education is 
access: delivering course content asynchronously online increases access for students who, 
with work and family obligations, would not otherwise be able to go to college (Darby, 2019). But 
regularly matriculated students are also flocking to online courses because of convenience and 
preference: online classes fit well into their lifestyle and provide an opportunity to take a class 
when the in-person (FTF) version is offered at the same time as another class they need to 
take. In 2017 nearly 18% of students mixed online and in-person classes with one third of all 
students taking at least one course online (Lederman, 2018). 

However, as Darby (2019) reports from a 2017 Educause survey, only 9 % of those teaching in 
higher education actually prefer to teach online. This shocking statistic highlights a challenge in 
the mismatch between what students seem to want and what faculty prefer. Part of the problem 
may be that many current academics did not grow up teaching or taking online courses, and 
they may not be 100% committed to improving their online skills (Darby, 2019). Teachers may 
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feel that online courses are inherently less effective than the quality education we believe we 
provide in the face-to-face classroom. Particularly with a course like statistics where many 
students feel overwhelmed, anxious, or that they are ñbad at math,ò instructors may struggle 
with how to provide the same level of support in the online environment, especially when 
students vary widely in their preparedness (Grandzol, 2004). In addition, for the type of students 
who are taking their coursework completely online, statistics may be particularly troublesome. 
According to the National Center of Education Statistics, nearly half of undergraduates enrolled 
in online courses work full-time and 45% have children (ClassesandCareers, 2018). If the 
student has many obligations outside of school like work and family, it may make a course like 
statistics overwhelming, especially at the beginning. And then, of course, there is the inherent 
fear factor associated with a math-type class in the first place (Dunn, 2014). If it has been five or 
10 years since the student has taken a math class, this may make the learning curve steeper. 
Although students may be increasing their enrollment in online courses, one study found that 
the majority of students preferred FTF as opposed to online delivery for an introductory statistics 
course because of the difficulty of the subject matter, procrastination can be particularly 
damaging in a statistics course, and the lack of perceived access to the instructor to ask 
questions (Johnson, Dasgupta, Zhang, & Evans, 2009). The challenge of offering statistics 
online from both the teacher and the student perspective is clear,and instructors of online 
statistics courses must be particularly mindful of ways to overcome these obstacles. 

Regardless of the delivery method or course content, we know what it takes to be a good 
teacher. In his classic work, Lowman (1995) observed that excellent university teachers have 
similar qualities that can be divided into two general categories: the teacherôs personality and 
communication skills, and their technical skills (as cited by Kirby, Busler, Keeley, & Buskist, 
2018). 

Buskist and colleagues (2002) operationalized these qualities with 28 items named the Teacher 
Behavior Checklist (TBC). In their research, they found that, of the top 10 most important 
qualities according to faculty and students, both agreed on six: being knowledgeable, being 
enthusiastic, being respectful, having realistic expectations, being approachable and 
personable, and being creative and interesting. Further research employing factor analysis on 
the TBC yielded two subscales: ñCaring and Supportive,ò and ñProfessional Competency and 
Communication Skills,ò supporting Lowmanôs (1995) two category model of outstanding 
teaching (as cited in Keeley, Smith, & Buskist, 2006). In other seminal work, Richmond, Boysen, 
and Gurung (2016) enumerated six Model Teaching Criteria which include training, syllabi 
construction and course planning, instructional methods, course content, and assessment of 
students learning. All of these assessments of excellent teaching can serve as a guide for 
excellent teaching online as well. The delivery modality should not dictate whether the teacher is 
excellent or not, but rather the teacher should use the delivery modality to deliver the best 
student learning opportunities possible. 

Using what we know are behaviors that the model teachers use, the rest of this chapter will be 
dedicated to advice for teaching statistics for psychology in a fully online format using these 
model teaching criteria and checklists as a guide. This advice is divided into the two general 
categories generated by Lowman (1995): advice about the teacher including behavior and 
communication, and advice about the course including structure and the technical delivery of 
content. 

4ÅÁÃÈÅÒȭÓ "ÅÈÁÖÉÏÒ and Communication 

Using the TBC (Buskist, Sikorski, Buckley, & Saville, 2002; Keeley et al., 2006) as a guide, we 
know that both students and teachers agree that being approachable, enthusiastic, creative, 
fair, knowledgeable, and respectful are model teacher behaviors, as well as having the traits of 
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being caring and supportive. How do these behaviors translate into the online environment?  
What are some ways that teachers can emulate model teaching criteria to enhance the learning 
of their online statistics students?  The following is some advice for how teachers of online 
statistics can embody these behavioral and communication characteristics.  

Communicate frequently in all aspects of the course 

Most excellent teachers I know who teach FTF show up to class a few minutes early and talk 
casually with students before class begins, and they interact with students during and after class 
as well. Online courses should be no different (Darby, 2019). Keeping an ongoing dialog with 
students in all aspects of the course helps students succeed through their interactions with the 
instructor where they bolster studentsô confidence, guide them when they are off-target, 
encourage them as they struggle to learn the material, correct them when they make errors, and 
share in the joy of learning. Developing rapport through communication is a model behavior 
from the TBC that leads to the teacher being perceived as accessible, approachable, and 
personable (Buskist et al., 2002). Chatting with students about tangential or unrelated 
information can also help humanize instructors in the online setting. When teaching a course 
like statistics that produces a lot of anxiety in students, it can be the casual, human interactions 
that can help students persevere when they are struggling most (Gazioglu, 2012). One of my 
colleagues accomplishes this in her online course by having students send her pictures of their 
pets. She shares these by posting the ñfeatured pet of the weekò on the Home Page, which may 
help reduce anxiety and help her connect in a real way with students. Another important form of 
communication is contacting students who have not logged into the course Learning 
Management System (LMS) for a few days (or longer) to check in on them. Asking the simple 
question, ñAre you ok?ò could be the difference between a student dropping out versus trying to 
catch up or get the help they need. When you cannot visibly see that a student is struggling, 
reaching out with concern can help you understand the circumstances of a studentôs absence 
online. These behaviors show that you encourage and care for students in meaningful ways, 
another of the behaviors of excellent teachers (Buskist et al., 2002; Keeley et al., 2006). 

Be engaged  

Learning in an online environment can sometimes feel disconnected and isolated (Mocko, 
2013), and in the example of a statistics course can also be scary. Your students need you to 
be an active participant and leader of the class by striving to improve studentïteacher rapport 
and engagement (Richmond, Boysen, & Gurung, 2016). In an online course it is important to 
give the sense that the students are part of a group and that they are learning from the same 
instructor and completing the same assignments (Mocko, 2013). As Darby (2019) suggests, the 
instructor should be visibly and meaningfully engaged including posting weekly announcements, 
being a regular contributor to discussions, or posting a quick video or other instructions to clarify 
content or assignments that students have expressed trouble comprehending. In these ways, 
you show the students that you are active in the learning process and are there to support them 
in learning this challenging content (Mills & Raju, 2011). One example of engagement can be in 
discussion posts (Everson & Garfield, 2008). Students who are learning statistics for the first 
time have not developed a fluent understanding of the vocabulary and can misuse terms without 
realizing it. As an engaged instructor, you can catch these misunderstandings early and 
respond with a kind, but firm correction so that others reading the post do not become confused 
as well. In the online environment, students have the flexibility of time and space to reflect on 
their answers and your comments and corrections to help develop their critical thinking skills 
(Aloni & Harrington, 2018).  
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Provide prompt feedback  

One best practice for online (and all) teaching is to provide timely constructive feedback (both 
summative and formative) to students (Boysen, Richmond, & Gurung, 2015). If you want your 
students to submit assignments on time that are well thought through, model behaviors that do 
not leave things to the last minute: grade assignments within 24 to 48 hours after submission 
whenever possible. In a course like statistics, getting quick feedback and correcting 
misconceptions promptly can help as students move forward and build on concepts they have 
already learned (Gazioglu, 2012). Statistics relies on understanding of prior topics and so 
feedback on studentsô understanding of those topics can help them succeed moving forward. 
For example, if students do not understand the concept of the mean in the first few weeks of 
class, then how will they apply that concept when learning about the independent-samples t test 
that relies on testing differences between means?  Timely feedback can communicate to 
students that they understand the material and help them build confidence moving forward, and 
can redirect students who are a bit off-target in their understanding before it is too late. 
Providing constructive feedback is one of the behaviors that makes for an excellent teacher and 
the timeliness of that feedback can communicate to students that you respect them and truly 
want them to learn and succeed (Kirby et al., 2018). 

Technical Delivery of Content 

Just as important as teaching persona and communication with students is the structure and 
technical delivery of the content of the class. Employing excellent skills in content delivery 
meets the TBC characteristic of competency and communication skills and supports Lowmanôs 
(1995) second category of outstanding teaching. Being well-versed in the more structural and 
technical aspects of the course can show students that you are confident, effective, 
knowledgeable, technically competent, and prepared (Kirby et al., 2018). The following is some 
advice for how teachers of online statistics can exhibit the skills of excellent teachers in the 
technical delivery of statistics online. 

Consult with your campus instructional designer and learn the ins and outs of your Learning 

Management System (LMS) 

One of the keys to being a great teacher is utilizing the technology at hand to provide the best 
educational experience for your students regardless of topic. Your instructional design team has 
the expertise to train you to maximize your LMS (Darby, 2019). According to the Model Teacher 
Criteria, excellent teachers should constantly seek training and knowledge on pedagogical 
theory and practice (Richmond et al., 2016). Ensuring your training in online pedagogy and 
practice is up to date will help you provide an excellent learning experience for your students. 
One of the greatest tips I received from one of my universityôs instructional designers was to use 
colored emojis to demarcate different types of content in Canvas (our LMS). When I was first 
learning how to use Canvas, I was disappointed with the lack of color on the Home page and its 
long list of files and assignments in black ink with a white background. I realize that this is best 
for accessibility for all students (Yang, 2017), however, adding a small emoji in color made a big 
difference while also not putting students with ability differences at a disadvantage. This simple 
trick of putting a green book emoji in front of required readings or a purple movie projector emoji 
in front of videos made my Home Page on my LMS clearer and a bit more engaging for the 
students. I coordinated those emojis and colors with my syllabus as well: what the students see 
online matches what they see in the syllabus. This is a simple trick that impacts on clarity and 
reduces confusion for students. 
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Organize content to align with course objectives 

 

Figure 1. Course Learning Objectives linked to Course Modules and Assessments 

In their enumeration of criteria of model teachers, Richmond et al. (2016) focused on syllabi 
which serve to define the student-teacher relationship by providing a cognitive map and learning 
tool for the course as well as course transparency. In the online environment, the entire course 
structure on the LMS could also serve this same purpose. Online teachers of statistics should 
provide a clear road map of what students must accomplish and expectations for how 
assessments will be graded. This could include tips for success, common ñbottleneck conceptsò 
where student often get stuck, and campus resources to help students in the class or with 
issues outside of class that could hinder their ability to learn. One of the best tips for how to 
accomplish this in the online environment is to develop learning objectives for each module of 
the course and then link content delivery (e.g., readings, videos, etc.) and assessments (e.g., 
assignments, quizzes, and exams) to these module-specific learning objectives (see Figure 1) 
(Richmond et al., 2016). Teachers could also provide brief videos or announcements that clarify 
an issue with which students have been struggling that week and place it within the module for 
just-in-time teaching of troubling concepts. 

Make short videos  

In an earlier study of online statistics students, Sebastianelli and Tamimi (2011) reported that 
students found audio-video clips produced by their instructor to be the most helpful in learning 
quantitative content. However, I hear from students all the time about how they choose not to 
listen to audio PowerPoint presentations that are ñlongò (that means more than 10-15 minutes) 
or they speed up the audio to ñget through itò more quickly. Todayôs students are so used to a 
fast and furious style of information presentation, that a narrated slide show may not be modern 
enough to hold their attention. However, video presentation in lieu of voice-over presentations 
may be more effective, especially in the teaching of statistics. In their 2018 study, Breneiser, 
Rodefer, and Tost found that teaching a psychology statistics course online presented unique 
challenges that were met by providing tutorial videos that mimicked classroom instruction 
particularly in learning SPSS (IBM Corp., 2013) and APA-style reporting. Through a process of 
scriptwriting and editing, they produced 28 tutorial videos that ranged in time from about three 
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minutes to 10 minutes in length. Much like the Breneiser et al. (2018) study, I have been using 
very brief (four minutes maximum) videos to illustrate concepts in my online statistics class and 
have found that students watch them over and over again. For some of the more difficult 
concepts (like the Central Limit Theorem, for example) students in my online class watched the 
video 3.25 times, on average. I title each short video with the concept (e.g., the difference 
between the mean and median) and teach that concept with a brief example in just a few 
minutes. For a typical weekly module in my class, I would have between five and eight short 
videos averaging about 25 minutes of video content in total. What I have learned by using these 
short videos is that students will actually watch them as opposed to posting the same content in 
a single 25-minute-long video. As an aside, no matter the length or style of videos or 
PowerPoint presentations with audio that you use, students value being able to replay 
presentations at faster speeds, so be sure that students are able to adjust the speed as desired 
(Ried, 2010). In accordance with Breneiser et al. (2018), online students who were provided 
short video content were just as successful on assignments and exams as were FTF students, 
which is great news for online statistics instructors who fear their online students are not 
learning as well. 

 

Figure 2. Photo generated by a student assessing shapes of histograms. This ñhistogramò 
is positively skewed because the highest frequencies are at low values on the graph and the 
smallest frequencies are at high values on the graph, so the tail is skewed positively. 

Develop meaningful discussions 

Interaction among students and the instructor in an online statistics class is important to help 
students feel connected to their fellow classmates and their teacher, to enhance the learning 
experience, and to motivate students to stay on top of things and not fall behind in the course 
(Gazioglu, 2012). In their research on asynchronous online discussions, Aloni and Harrington 
(2018) reviewed the empirical evidence that discussions can foster critical thinking and writing 
skills. They suggest that online discussion boards should have a clearly stated purpose with 
clear expectations about how students will post and why, as well as a clear structure, effective 
prompts, and quality facilitation (Aloni & Harrington, 2018). One suggestion is developing 
questions that are open-ended where there are many possible responses, rather than a limited 
or right/wrong answer. I have used the discussion board in my online statistics class to give 
students the opportunity to apply what they are learning and creatively demonstrate that 
application to increase critical thinking. One example is asking students to use a set of 
household items to create a faux histogram and then describe the shape of the histogram they 
created (see Figure 2). Students upload a picture of the items and describe the shape they were 
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intending to create. This has been a very successful discussion post that has generated a lot of 
conversation about the creativity of the items pictured and given students a chance to correct 
each other if they believe a classmate has incorrectly identified the shape of their pictured 
graph. By having to create the shape themselves, students must go one level beyond just 
answering a multiple-choice question to actually develop the graph with their own hands. An 
added benefit of asynchronous online discussion boards is involving more introverted students 
who would not normally volunteer to participate in a FTF class environment (Aloni & Harrison, 
2018). In this way, online discussion boards are for everyone and can aid in more equitable 
learning for the entire class. 

Allow students to submit pictures of handwritten work  

With advancements in technology, students are able to submit pictures and videos of 
assignments which can be particularly beneficial in statistics and other math courses, where the 
content often includes various symbols and formulas (Foster, 2003). I have found that allowing 
students to hand-write calculations using formulas and then take a picture with their phone or 
scan the hand-written sheets affords them the ability to spend their time learning the content 
rather than learning how to word-process mathematical equations. The technical savvy needed 
to use an equation editor can sometimes be overwhelming to students who are already 
confronted with learning the foreign language of statistics how to manage an online platform and 
computer software like SPSS. In Canvas, my LMS, I can circle and make notes on studentsô 
submitted photos of their calculations so I can point out exactly where things may have gone 
awry. In support of the TBC characteristics (Kirby et al., 2018), allowing students the ability to 
post pictures of their work shows that you are a technically competent teacher who is invested 
in staying current and using the most up-to-date information and methods to ensure student 
success. 

Hold online office hours 

Some students in this challenging course need to have contact and a conversation in order to 
understand a difficult concept or to get ñunstuckò when calculating an equation. Holding 
synchronous online office hours is one way to provide that support to students (Gazioglu, 2012). 
Using the technology available to you, you can video chat online with one or multiple students 
where you can work through problems or lab assignments and you can visually see what they 
are doing and where they are struggling. Of course, this requires that you are technologically 
competent, and if you do not know how to run online office hours you should strive to be a better 
teacher by attending a workshop or training module to learn how (Kirby et al., 2018). You could 
also tell students when you will be ñliveò and run office hours on your Discussion Board of your 
LMS if video chatting is not your preference. I often hold synchronous office hours for my 
statistics class for an hour in the late evening on the night before assignments are due. I find 
that students are happy to have the ñjust-in-timeò help that fits their schedule of when they 
typically do homework. Of course, this means I must stay awake later than I normally would, but 
for one night per week it is feasible.  

Conclusion 

As online course enrollment continues to rise in the foreseeable future, it is up to instructors to 
make sure we are doing our best to ensure the success of all students, regardless of modality of 
instruction. Recognizing that doing our best online teaching may not include the same strategies 
as FTF teaching, we must embrace the differences and retool ourselves to be great in both 
formats. This is particularly important when teaching the challenging quantitative content of 
statistics. Being mindful of best practices regarding instructor behavior, communication, and  
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technical delivery of content can provide excellent online statistics courses to create the 
conditions for student success. 
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Appendix: Sample Video Clip for Students 

 

https://youtu.be/-HZuWSvoJr0 

  

https://youtu.be/-HZuWSvoJr0
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Chapter 3 
 

Flipping the Script on Stats Education: Presenting Evidence for and a Guide to 
Flipping the Psychology Stats Classroom 

Donelle Posey, PhD and Amy T. Nusbaum 
Washington State University 
 

Summary 

There has been a recent focus on shifting away from traditional lecture-based instruction, in 
which the instructor is the ñsage on the stage,ò to active learning formats, in which the instructor 
is the ñguide on the side.ò Activity learning has been shown to increase performance in a variety 
of college courses. A common active learning format is the flipped classroom. In this format, 
students interact asynchronously with course content between classes and interact with the 
content in a hands-on fashion during the class period. In this chapter, we use our experience in 
implementing a flipped classroom format in a psychological statistics course to provide tips and 
guidance for instructors considering flipping their courses. We include tips for designing 
activities, strategies for group formation, suggestions for classroom management, and tips for 
getting student buy-in, among others. In our experience, we have observed a decrease in failing 
grades and a generally positive response from students about the flipped format. In a course 
that can often be anxiety-inducing, using a flipped format increases studentsô positive 
perceptions of and performance in a psychological statistics course. 

Introduction  

There has been a recent effort to move college classrooms from the ñsage on the stageò model, 
or the standard lecture format, to one of the ñguide on the side,ò an active learning format ï 
recognizing that traditional lecture-based content delivery may not be the best way to help 
students learn. The notion of these distinctions is not new; in 1993, Alison King defined the sage 
of the stage as, ñthe one who has the knowledge and transmits that knowledge to the students, 
who simply memorize the information and later reproduce it on an examò (p. 30). This approach 
has been the preeminent method of instruction in college courses. On the other hand, the guide 
on the side approach is often referred to as active learning, a wide umbrella term for a course 
design in which focus is on students as active participants in their own learning and lecture-
based content delivery is minimized. There are many forms of active learning that can take 
place in the classroom. These can include quick response technologies, such as clickers, that 
allow for real-time feedback of students learning (Poirier & Feldman, 2007), class discussions, 
simulations, and demonstrations (Yoder & Hochevar, 2005), and problem-based activities 
(Richmond & Hagan, 2011). In general, research on active learning has been positive 
(Richmond & Hagan, 2011; Yoder & Hochevar, 2005; Poirier & Feldman, 2007). A 2014 meta-
analysis of 225 studies examining active learning in STEM courses found that students in 
courses using active learning techniques had exam scores that were 6% higher than those in 
traditional lecture courses, and students in traditional lecture courses were 1.5 times more likely 
to fail the class than those in active learning classes (Freeman et al., 2014). Active learning also 
has long-term positive impacts on student skill development outside of the classroom. Kilgo, 
Sheets, and Pascarella (2015) found that students who engaged in active learning during their 
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college careers displayed higher levels of critical thinking, need for cognition, and intercultural 
effectiveness.    

One specific form of active learning that has gained traction in recent years is the flipped 
classroom. In the generic version of a flipped course, the bulk of the content transmission 
occurs asynchronously outside of the classroom. This is often, though not always, in the form of 
video lectures that the students watch prior to a given course day. As described above, the in-
class work requires students to actively engage in applying the course concepts to an in-class 
activity. The flipped classroom format has been tested in many types of courses. The format has 
been found to improve student attitudes and performance in a general statistics course (Wilson, 
2013), increase student perceptions of learning in a nutrition course (Gilboy, Heinerichs, & 
Pazzaglia, 2015), and enhance test performance in graduate-level health sciences classes 
(Tune, Sturek, & Basile, 2013; Pierce & Fox, 2012).  

In psychology-specific courses, the effects of flipped approaches are also generally positive. In 
a study examining a flipped format in a psychology statistics class, Winquist and Carlson (2014) 
found that students who had taken part in the flipped instruction performed better than the 
control group on a statistics exam over one year after taking the course. Notably, they did not 
have students watch videos prior to coming to class, but instead had them completing assigned 
readings. There also appear to be differences in flipped efficacy based on course level. 
Roehling, Luna, Richie, and Shaughnessy (2017) flipped an introductory psychology course and 
found mixed results; while students reported they found the flipped days more interesting, they 
also reported that typical lectures were more helpful to them in learning material and wanted a 
mix of both types of instruction. Additionally, there were inconsistent findings on exam 
performance, with flipped lectures seeming to benefit performance on topics that were 
addressed with the in-class activities, but acting as a detriment to topics not covered by the 
active learning activities (Roehling, Luna, Richie, & Shaughnessy, 2017). Borchardt and Bozer 
(2017) reported on a unique type of flipped design that may address some of the problems 
considered in Roehling et al. (2017). They used a ñmicro-flippedò format in a general psychology 
class, which incorporates the standard flipped course components of pre-class engagement 
with the material and in-class activities with some degree of lecturing in class as well. By the 
end of the semester, they found that the students in the micro-flipped format were performing 
better on exams (Borchardt & Bozer, 2017). This kind of format has similar benefits to the fully 
flipped formats described above, while also providing students with some structured lecture 
time.  

Notably, many of these studies, particularly those done in psychology courses, have been 
conducted in courses that are relatively small. It can be logistically challenging to flip larger 
courses, and course size is certainly a consideration when deciding whether and how to flip. 
The few studies specifically conducted with large-enrollment courses have also generally shown 
positive results. Kishimoto, Anderson, and Salamon (2018) reported on a flipped physics course 
with an enrollment of over 100 students. They found that not only did students in the flipped 
classroom outperform those in the traditional classroom, but the flipped classroom format also 
led to a reduced gender gap (that is, men were answering questions correctly more often in the 
traditional classroom, and this gap between men and women was reduced in the flipped format; 
Kishimoto, Anderson, & Salamon, 2018). Studies of the flipped format with high-enrollment 
introductory chemistry class found that a flipped format leads to improved grades compared to 
the traditional format (Yestrebsky, 2015; Eichler & Peeples, 2015). Balaban, Gilleskie, and Tran 
(2016) found that grades in a flipped Principles of Economics course were higher than those in 
a traditional course.  

Knowing the benefits of active learning generally and the flipped classroom specifically, the 
authors undertook the task of flipping a large psychological statistics course. This is an ideal 
course to flip because the principles, steps, and answers are concrete and objective with little 
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room for subjective interpretations. Furthermore, because statistics can be aversive and anxiety 
provoking (Onwuegbuzie & Wilson, 2003) using a more interactive format can make the class 
more enjoyable and less fear-inducing to students. This case study represents our experience in 
flipping a large-enrollment (n > 160) psychological statistics course. Over the course of three 
semesters, we transformed the course from an entirely lecture-based course to a fully flipped 
format. The first semester was entirely lecture-based, the second semester was half lecture-
based and half flipped format, and the third semester was the fully flipped format. All content 
and materials were the same across semesters. In the semesters in which the flipped format 
was used, students had access to the same recorded lectures and activity worksheets posted in 
the course learning management system (LMS). Additionally, exams were identical for all 
iterations of the course.  

Methods/Approach 

During a typical in-class activity, students would access the activity worksheet posted in the 
course LMS. We presented necessary information, such as a complete data set, to the students 
during the in-class activity so as to control pacing of the activity. In some cases, we provided 
supplies or materials for students to use during in-class activities. We did not require students to 
submit completed activities for a grade, but did require short graded clicker quizzes to assess 
their understanding of the material following the in-class activity. Based on the answers to the 
clicker quiz, we provided additional instruction if needed.  

Preparing the flipped classroom 

Many faculty are wary of the time and effort involved in designing a flipped classroom (Miller & 
Metz, 2014). To be sure, careful preparation is the key to implementing a successful flipped 
classroom, but preparation also allows for more confident delivery of the flipped activities and 
leads to reduced workload in the future. Preparation needed to design a flipped classroom 
includes developing or finding materials to be delivered asynchronously to students prior to the 
class period in which the flipped activity will occur, designing the in-class activity, and creating 
or assembling any supplemental materials that will be presented as part of the in-class activity, 
among others.  

First to consider is what information students will need to access prior to the in-class activity and 
how it will be delivered. Approaches to consider include recording lectures, mining YouTube for 
existing lectures (e.g., Khan Academy, Crash Course), having students read relevant chapters 
from the textbook, or using publishersô ancillary materials. The technology and software needed 
to record lectures ranges from basic to advanced. Choosing the appropriate approach to meet 
your needs depends on your comfort level with recording or screen capture technology. To 
ensure studentsô preparation for the in-class activity, you may consider having students 
complete a short comprehension quiz either prior to the class period in which the in-class 
activity will occur or at the beginning of the class period.  

Another preparatory step is to develop an in-class activity. Developing an effective in-class 
activity is essential to the success of the flipped classroom. To accomplish this, you will need to 
consider the format, content, and pedagogical approach of the in-class activity. Activities can 
take the form of worksheets, handouts, or problem sets, or students can produce the results of 
the activity in their own notes. One approach is to use inquiry-based activities that are designed 
so that students uncover the principles of a concept, challenge their assumptions, then revise 
their understanding depending on the outcome of the challenge (e.g., Lee, 2012). Another 
approach is to provide a case study or simulation in which the principles are presented such that 
students can apply their understanding of course concepts (e.g., Herreid & Schiller, 2013). You 
may choose to demonstrate the concepts in a clever way using props or games, or show 
students how to work through problems. In preparing the in-class activities it is beneficial to  
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Figure 1. Excerpt of in-class activity introducing measures of central tendency. 
Prerequisite knowledge, supplies needed, and primary and secondary student learning 
outcomes are listed. Model 1 data are intentionally missing. This information is presented in 
class and incentivizes studentsô attendance and participation. 
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consider the student learning outcomes (SLOs) you wish to achieve then work backward to 
design the activity. Another strategy for designing in-class activities is to carefully review the 
exam and design the activity to achieve mastery of the material. Figure 1 is an excerpt of an 
activity we used in the flipped version of the class. 

The final step in preparing the in-class activity is to plan its pacing. One method of anticipating 
the pace at which students will work through the activity is to ask teaching or research 
assistants to time their completion of the activity. This can help you to prepare for the pacing of 
the class period. 

Implementing the flipped classroom 

Implementing the flipped classroom begins on the first day of class. From the beginning, model 
the behavior of interpreting data by explaining the results of studies of active learning and 
explain how active learning will be used in the class. Buy-in from students is an essential 
component to implementing the flipped classroom, but earning buy-in can be challenging. Some 
groups of students are averse to this approach because it does not conform to the traditional 
lecture-style classes they are familiar with, and they may also believe that the flipped classroom 
format is more work on their part, particularly if they have been in classes previously which 
required little more than rote memorization (McNally et al., 2016). Students may believe that 
they wonôt learn the necessary material to do well on exams, for example, by being worried that 
case study activities may not prepare them for exam questions about terminology. Research 
shows that this is a common misconception of the flipped classroom format. Indeed, the flipped 
classroom format is no more work than the standard format (He, Holton, Farkas, & Warschauer, 
2016). Ways to assuage studentsô aversions include being transparent about the rationale for 
using the active learning format, using it immediately from the start of the semester, and 
mapping SLOs onto the in-class activities. 

Next to consider is how you wish to disseminate the in- and out-of-class content. Out-of-class 
material can be posted to a courseôs LMS which allows students to easily access preparative 
material and content. You should consider how students will access the in-class activities. To 
minimize the use of paper and costs to the department by photocopying more than 100 activities 
to distribute in class, you could consider posting materials in the courseôs LMS and asking 
students to print a copy of the activity and bring it to class. You could also consider presenting 
the activity via projector during class and having students write answers on their own paper. If 
amenable to the use of laptops and mobile devices, you could allow students to access the 
activity electronically. Some flipped learning advocates argue that integrating technology into 
the flipped experience can make them more successful and integrate the course more fully into 
studentsô lives (Hwang, Lai, & Wang, 2015). While there are often negative perceptions of 
allowing technology in the classroom, research suggests that the flipped classroom would be a 
place where distraction is minimal ï students report that they are less likely to use their phone 
when engaged in a group activity or discussion (Berry & Westfall, 2015).  

Some flipped classroom activities may require the formation of groups. While some students 
dislike group work (Barfield, 2010) the ability to work in teams is a skill that employers value 
(Stewart, Wall, & Marciniec, 2016). Options for assigning groups include defining rules for group 
formation (e.g., one non-major must be included in the group), randomly assigning students to 
groups, allowing students to self-select into groups, or assign students to groups based on skill-
levels or personality characteristics. The latter option requires a pretest measure of a skill set or 
personality and, based on the scores on the pretest, forming groups such that a mix of skill 
levels or personalities are represented in the group. There are numerous group optimization 
algorithms that combine characteristics of students and instructor-preferred constraints, or 
group-formation rules, to determine which combination of students will result in effective group 
outcomes in team-based learning situations (Isotani, Inaba, Ikeda, & Mizoguchi, 2009; Ounnas, 
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David, & Millard, 2009). In addition to maximizing group success, these algorithms relieve the 
time and effort needed by the instructor to manually form groups. In one study on the formation 
of groups, students who were organized into heterogeneous groups on three characteristics, 
leadership, communication, and subject knowledge, outperformed students who were randomly 
assigned or self-selected into groups in both group-level objective outcomes and individual-level 
grades (Moreno, Ovalle, & Vicari, 2012).  

Potential problems may arise when forming groups. Students may be unhappy with their group. 
You could consider reassigning groups periodically during the semester to promote variety of 
group membership. Two challenges you may face in group activities exist on opposite ends of 
the continuum. These include the student who overpowers or dominates the group and the 
student who does not participate. In a case in which a student dominates the discussion, 
consider ground rules about contributions from all members such as requiring all other group 
members to contribute before the dominating student may contribute. In a case in which one 
student isnôt contributing to the group, you will need to uncover the underlying reason for the 
studentôs lack of contribution. In some cases, the reason may be because of a lack of 
preparation by the student. Requiring knowledge checks prior to the in-class activity could 
increase studentsô contributions to the group work. If a student suffers from anxiety about 
communicating in a group, you might consider offering the student another way to participate, 
such as being the record keeper or having the student contribute written rather than oral 
answers for incorporation into the groupôs final product. Another issue that may arise is the lone 
student who is reluctant to work in a group, for a variety of reasons. To address this issue, it is 
often simplest to have a contingency plan in place for students who want to work on their own 
(i.e., make sure the activity is capable of being completed by one person).  

The flipped classroom is easily implemented with small class sizes but may present challenges 
in large-enrollment classes. The most obvious challenge is classroom management. In small 
classes, classroom management is more straightforward as your attention can be individualized 
and more equally distributed among groups. In large-enrollment courses, distributing your 
attention and individualizing your instruction is more difficult. To ensure students are receiving 
adequate attention, consider utilizing additional help from undergraduate teaching assistants. 
The management of off-task behavior can be a challenge to instructors in any type of 
classroom. Off-task behavior in flipped classrooms may occur for a number of reasons. It can 
indicate that a group has completed the activity or is waiting to proceed to another part of the 
activity. This can be addressed by increasing the pacing of the activity, or providing additional 
activities for groups that are prone to finishing early. Off-task behavior could indicate that 
students are disengaged from the activity or are not contributing to the product. To incentivize 
on-task behavior, grade studentsô final product or otherwise require that they demonstrate their 
learning in minute-papers or clicker quizzes, or to report muddiest points. Another method of 
minimizing off-task behavior is to utilize classroom monitors, such as your teaching assistants, 
to monitor and facilitate on-task behavior. 

Room characteristics and configuration may facilitate or hinder flipped classrooms. Ideally, the 
flipped classroom should have flexible seating and tables that can be arranged to support group 
work. Large rooms, however, tend to have fixed seating. If your classrooms have fixed seating, 
try to schedule a room with built in tables that students or groups can use to share materials and 
facilitate participation of all group members. The least conducive room configuration is fixed 
seating with tablet desks that lift and fold over the studentsô seats. Quite simply, this 
configuration, while acceptable for standard lecture-based classes, does not allow for easily 
grouping students or provide adequate work space. In these situations, try to be flexible about 
where students work, e.g., think about allowing students to get up from their desks and sit on 
the floor or in the aisles while they complete the group work. Ultimately, the more flexible the 
classroom space, the better it is to implement the flipped classroom model. 
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Pacing is important to the successful completion of flipped classroom activities, but it is one of 
the more difficult components to plan. Students work at different paces, instructors may 
misjudge the amount of time it takes students to complete the activity, and answering questions 
or addressing confusion can interrupt pacing. One way to address this is to design deliberate 
stopping points in the activity. This allows for better pacing because students can work at their 
own pace but cannot proceed without additional information. Thus, throughout the class 
students are brought back in unison. Another way to manage the pacing of the activity is to be 
prepared with additional examples, mini-lectures, summaries, or quizzes if students complete 
the activity in less time than anticipated. Consider including advanced questions for students 
who finish early. These questions may not be required for the students to complete, but can 
keep them engaged with the material while other students complete the required activity. 
Finally, we highly recommend keeping notes following each in-class activity on the pacing of the 
activity, the elements that were successful, and the revisions needed for future iterations of the 
course. 

A common SLO that is emphasized in college classrooms is communication, either in written or 
oral forms. Requiring students or groups to report results of the activity can achieve this goal. 
Reporting out can take a number of forms. It can include having groups merge to share their 
work and arrive at consensus answers. You can consider having each group select a 
spokesperson who is prepared to answer questions for the group. Some active learning 
approaches, such as Process-Oriented Guided Inquiry Learning (POGIL; Moog, Creegan, 
Hanson, Spencer, & Straumanis, 2006), assign group members to roles such as speaker, 
manager, and record keeper. You may ask select groups to work problem or write answers on 
the whiteboard or document camera, then engage in a class-wide discussion of the answers. In 
large-enrollment classes, you can call on a section of the room to provide answers. Potential 
problems that can occur in reporting results include studentsô general reticence to answer 
questions in front of others, studentsô fear of appearing unintelligent, and features of the activity 
or pacing that donôt allow for completion of the activity. To address these potential problems, 
prepare students for reporting out. Knowing in advance that they will be required to report out 
can allow students to prepare answers more confidently and complete the activity more 
efficiently.  

To incentivize attendance and engagement in activities, consider grading studentsô participation 
or learning. The most straightforward approach is to require students to submit their completed 
in-class activity. You may choose to grade on completion or accuracy of answers. A 
consideration in requiring students to submit their completed activities is that, depending on 
your method of providing feedback to students on their performance, you may need to return 
studentsô completed work in a timely fashion so that they are able to use the activities to prepare 
for more formal assessments. Another approach is to administer a quiz to assess studentsô 
understanding of the concept demonstrated in the in-class activity. Quizzes could take the form 
of a paper-pencil quiz or a clicker quiz. The benefit of a clicker quiz is that you can engage in 
ñjust-in-timeò teaching wherein you can assess studentsô understanding of the concept and 
address any unresolved misunderstanding on the fly. This method allows you to tailor your 
teaching to what your students still need to learn. A potential problem with requiring completion 
of the in-class activity occurs if you misjudge the pacing of the in-class activity. If the activity 
takes longer than anticipated to complete, students may not be able to submit a completed 
activity or be prepared to answer all the questions on a quiz.  

Providing feedback in the flipped classroom 

Formative feedback is a natural form of feedback in the flipped classroom. Indeed, well-
designed activities in themselves can provide immediate formative feedback to students about 
their (mis)understanding of the course content. The goal of effective formative feedback is to 
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provide students with frequent, immediate assessment of their knowledge (Fink, 2013). 
Approaches such as clicker quizzes have the benefit of providing immediate feedback if the 
answer to the quiz questions are provided immediately. If you choose to use a paper-pencil quiz 
or require that students submit completed activities, returning the graded quizzes or activities in 
a timely manner is important so that students are able to integrate this information into their 
understanding of the course content and be better prepared for future summative assessments. 
If you choose not to require students to submit their completed activities, you should, at the very 
least, provide them with the correct answers to the in-class activities. This could occur after the 
completion of the activity while students are still present or following the class period in the 
course LMS. It may also be beneficial to review with students the SLOs for the activity and map 
them onto the larger unit or course SLOs.  

Results/Outcomes 

To measure student learning following in-class activities, we implemented a post-activity quiz 
using a quick response system. Unlike activity-style questions which tended to be open-ended 
or short answer questions, the quiz questions were exam-style multiple choice questions. We 
chose this approach for several reasons. First, it allowed us to observe whether students could 
generalize what they learned in the activity to multiple choice exam-style questions. Additionally, 
we were able to address obvious misunderstandings using just-in-time teaching. Second, it 
incentivized engagement in the activity, gave students practice with exam-style questions, and 
served as formative assessment for the students so they could gauge their understanding of the 
material.  

The true test of the effectiveness of the flipped classroom approach came about with the unit 
exams. Unit exams were entirely multiple-choice questions that required conceptual and applied 
understanding of the course material. To determine the overall effectiveness of the flipped 
classroom format, we compared the aggregated lecture-based outcomes to the aggregated 
outcomes of the fully flipped version of the course. In our experience flipping the psychological 
statistics course, students generally performed better in the course, with a 6% decrease in 
failing grades, from 20% to 14%, and a 4% increase in Côs, from 26% to 30%. Dôs, Bôs, and Aôs 
remained approximately equivalent between the two formats. Additionally, when asked to report 
their perceptions of the flipped format, students agreed or strongly agreed that they believed 
they learned more about course topics with the flipped format, enjoyed the flipped format, and 
preferred the flipped format to the traditional lecture-style format. Students also disagreed with 
the statement that there was too much work outside of class for the course.  

Benefits and Drawbacks 

Benefits of the flipped classroom are many. Research shows that the flipped classroom can 
improve student performance, and in our case, the lower failure rate in the flipped format 
compared to the standard format appears to support the research. Additionally, not only are 
students active participants in the creation of their own knowledge, they report enjoying the 
active learning format over the traditional lecture-based format. Indeed, the in-class activities 
are enjoyable as an instructor, too. Once materials are created, reusing the flipped content from 
semester to semester is straightforward. Finally, the topic of statistics can be less aversive to 
students when flipped activities are incorporated into the course.  

Drawbacks include securing the initial buy-in from students. Students may approach a flipped 
class with skepticism and doubt of its effectiveness and the instructor must assure them that this 
approach is effective and will not jeopardize, and may in fact improve, their grades. Another 
drawback is the time and effort it requires to prepare the materials and implement the flipped 
format the first time. The preparation, however, is worth the successful implementation and 
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reusing of the course and its materials in the future. There may be elements of the course that 
require the use of new technologies, especially if you are recording or screen casting your 
lectures or using a quick response system. Learning new technologies is time consuming in 
itself and contributes to the time and effort necessary to develop and implement the flipped 
classroom. Depending on the materials used or developed, the flipped format allows for more 
resources available for students to utilize when learning and studying material, but without 
lecturing directly to students, it is difficult to feel confident that students are learning what you 
intend for them to learn. Though you may plan periodic knowledge checks, you may not be sure 
that students have mastered the material until exam time. 

It is also important to remember that our students are not merely ID numbers on the grading 
roster, but instead complex individuals who exist in an inequitable world. While a flipped 
classroom offers many benefits, if done insensitively it can harm the most marginalized students 
in our classrooms. Anna Perry wrote a blog post on their experience in a flipped physics 
classroom that we should all consider as we structure active learning experiences (2019). They 
discuss how being forced to work with peers who were both implicitly and openly discriminatory 
with no alternate eventually led them to change their major and leave physics altogether. Most 
powerfully, they say: 

There is inequality in our society and there is inequality on this campus. There is a silent 
conflict between the members of our classrooms, whether we are aware of that or not. 
Unless a professor actively works to dismantle this inequality within their classroom, they 
are reproducing it. I do not leave my identity at the door of the physics classroom. I carry 
it with meðwhether I want to or notðwhen I interact with my peers, when I listen to my 
professor speak, when I read the textbook. I am a political being because I live in a world 
that politicizes my gender, my race, my looks, my socioeconomic status. Society likes to 
ignore this, and thus we let asymmetrical power dynamics continue to thrive. Professors 
ignoring this results in more of the same (Perry, 2019). 

So, while the flipped classroom can be a tool to improve the learning experience of our students 
and help them harness their own power as learners, it can also be an unintentional tool to 
further widen educational inequities. We as educators must be careful in the ways we think 
about, structure, and reflect on the active learning experience to ensure this does not occur. 
How we handle these potential problems will depend on our institution, teaching styles, and 
student populations. However, some things to think about include allowing students to change 
groups if you have assigned them (and making that option clear to students), creating behavior 
contracts with your students (either as a whole, or within each group if groups are permanent), 
and setting standards for respect in all classroom activities. While no instructor can prevent all 
forms of discrimination, we can set up our classrooms in ways that reduce the likelihood of 
those behaviors. 

The flipped classroom format has been shown to generally improve student performance in a 
variety of disciplines and our experience flipping psychological statistics bears out those results. 
It has been our experience that the key elements to successful implementation of the flipped 
classroom include the preparation necessary to execute the flipped format, the management of 
in-class components, and the provision of formative feedback to the students. The guidance we 
provide in this chapter arises from this experience. 
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Chapter 4 
 

Encouraging Reflective Learning in Introductory Statistics 

Ashley Waggoner Denton, PhD 
University of Toronto 

Summary 

Reflection has the power to transform an ordinary learning experience into an extraordinary one. 

According to Finkôs (2003, 2013) taxonomy of significant learning, when we move beyond 

content to focus on other aspects of learning, we can create lasting change in a learner. In this 

chapter I argue that the incorporation of reflective learning into a statistics course can enhance 

the student experience and promote lifelong learning. Reflection can take many forms and there 

is no ñcorrectò way to incorporate reflection into a course. However, different reflection activities 

may promote certain forms of learning more than others. For example, reflecting on study 

strategies may help students become better learners, whereas reflecting on lecture content may 

help increase the perceived value of the course material. Importantly, because the 

enhancement of any form of learning is likely to enhance other forms as well, any reflection 

activity has the ability to affect numerous aspects of the learning experience. Here I describe my 

use of a reflective learning journal in a statistics course and the impact it can have on students. I 

also review other reflective strategies that have been used in statistics (or similar) courses. By 

providing an overview of these various methods, it is my hope that instructors will be able to 

identify a strategy that can be successfully adopted or adapted for use in their own course.  

Why? The Benefits of Reflection  

For many psychology students, the statistics course is nothing more than an anxiety-provoking 
hurdle that must be overcome ï a hurdle filled with numbers and equations and that bears little 
relevance to things they actually care about (Conners, McCown, & Roskos-Ewoldsen, 1998; 
Schutz, Drogosz, White, & Distefano, 1998). For instructors, these misperceptions and attitudes 
are commonly viewed as challenges to teaching statistics, and rightly so (e.g., statistics anxiety 
can lead to numerous maladaptive learning strategies; Gonzalez, Rodriguez, Failde, & Carrera, 
2016). But because of these challenges, the statistics course also provides an opportunity that 
is ripe for students to gain critical insight into themselves as learners. Students can walk away 
from their statistics course with a deeper understanding of how they coped with anxiety, 
developed new skills, overcame set-backs, and made connections across topics (to quote a 
former student, ñnot only did I learn statistics, but also lifelong learning strategiesò). However, 
these insights wonôt just happen spontaneously. They require reflection. 

As many have pointed out, reflection is a powerful tool (e.g., Dewey, 1933; Boud, Keogh, & 
Walker, 1985; Dietz, 1998; Mezirow, 1991; Costa & Kallick, 2008). A successful learner might 
be able to calculate a t-statistic and interpret what it means. A successful and reflective learner 
not only knows how to do this, but also understands why they did it and how they learned it 
(which are important components of statistical thinking, see goal 1 of GAISE, 2016). They might 
recognize, for example, how putting the formula into their own words, rather than using the 
symbols, helped them understand the steps involved in the computation or helped keep their 
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anxiety at bay. With this insight, the student can then take this knowledge and transfer it to new 
learning experiences (see Brockbank & McGill, 1998). Reflection also enables the learner to 
make connections between what was learned, what they already know, and what they are 
learning in other contexts (Dietz, 1998; OôRourke, 1998). Returning to our t-test example, a 
reflective learner might think about how they could use this new knowledge to answer a 
question they have always wondered about (does Dominos deliver faster than Papa Johnôs?) or 
recognize how it has been applied in their other courses (so this is how they determined that 
dog people are more extraverted than cat people!). As a result of reflection, new mental maps 
may form, problems may be solved, issues may be clarified, and meta-cognitive skills may be 
developed (e.g., Boud, Keogh, & Walker, 1985). Thus, reflection also encourages increased 
conceptual understanding (goal 2 of GAISE 2016). Reflection can take many forms and have 
numerous consequences, but ultimately it has the power to transform the statistics course from 
a knowledge-acquisition event into a significant learning experience.  

Finkôs (2003, 2013) taxonomy of significant learning includes six major categories: foundational 
knowledge, application, integration, human dimension, caring, and learning how to learn. In this 
model, each of form of learning connects to the others in a synergistic manner such that 
enhancing any category of learning (e.g., emphasizing how the subject matter integrates with 
other topics) tends to increase other forms as well (e.g., by making those connections, the 
learner may come to care more about the subject). When all six categories are promoted, a 
significant learning experience ï defined as one that creates lasting change within an individual 
- is likely to result.  

In an introductory statistics course, foundational knowledge is so important, and often so 
challenging for students, that it can be easy for instructors to spend the majority of their time 
focused on content. But without reflection, much of what is learned may be limited to the 
statistics classroom as students fail to realize how transferable their newfound statistical 
knowledge is (despite how often we may tell them). Students may also fail to realize how they 
managed to learn this knowledge in the first place. However, with a bit of reflection, any number 
of the other categories from Finkôs taxonomy may be enhanced (see Table 1). For example, 
being prompted to reflect on the most important thing that was learned during class each day 
might help a student recognize the value in the material they are learning (enhancing the caring 
dimension). By keeping a reflective notebook, a student may realize how much their confidence 
or statistical self-efficacy (see Finney & Schraw, 2003) has increased over the course of the 
semester (enhancing the human dimension).  

However, for many reflection activities, the most relevant learning category is learning how to 
learn. One interpretation of learning how to learn involves learning how to become a better 
student. When students are encouraged to reflect on their learning it can improve their self-
monitoring and goal-setting capabilities and lead to changes in study habits and other skills 
(Sweidel, 1996). Another form of learning how to learn involves helping students become ñself-
directing learnersò (Fink, 2013, p. 59). Self-directing learners are able to recognize gaps in their 
understanding and formulate plans for filling those gaps. Rather than relying on an instructor to 
tell them what they should learn next, a self-directing learner is able to develop their own 
learning agenda, along with a strategy that puts their plan into action (Fink, 2013). These are 
precisely the skills that I have witnessed my students develop through the use of a reflective 
learning journal. 

How? The Methods of Reflection  

ñThe reflective journal entries allowed me to take a step back from number crunching 
and see how I, as a student, am processing and digesting the material. For each entry, I 
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got to see things from a larger perspective, such as how my studying habits were 
affecting my understanding of the concepts or how the textbook could come to be so  



 

   
 

 

Table 1. An overview of the categories in Finkôs taxonomy of significant learning (2013) and how reflection can enhance each 

category, along with suggestions for potential reflection prompts. 

Category Description Benefits of Reflection Potential Reflection Prompts 

Foundational 

knowledge 

Understanding and 

remembering facts and ideas.  

Enhanced recognition of what is and 

is not understood. 

What is the most important thing you 

learned today?  

What are you still confused about? 

Application Engaging in a new action, 

including the development of 

skills and new forms of 

thinking. 

Practice new ways of (critical, 

creative, and/or practical) thinking.  

How are you using what you learn in the 

course?    

Integration Making connections between 

ideas, experiences, and realms 

of life. 

Development of new or deeper 

connections. 

How does this material relate to what you 

are learning about in your other courses?  

How is your approach to learning similar or 

different in this course compared to your 

other courses?  

Human Dimension Learning about oneself or 

others.  

Improved self-understanding.  

Enhanced recognition of the personal 

and social implications of what is 

learned. 

Why is it important to learn about 

statistics?  

Caring Developing new feelings, 

interests, and values.  

Greater appreciation of the subject. 

Enhanced motivation and energy for 

learning.  

How do you feel about statistics?  

Have your feelings about statistics 

changed over the course of the semester?   

Learning How to 

Learn 

Learning about the process of 

learning itself.  

Improved study habits and self-

monitoring skills. Development of 

learning agendas and strategies.  

How are you learning in this course?  

What are your learning strengths and 

weaknesses?  

What are your learning priorities?  

 



 

   
 

 

useful. As such, this journal served as a pushing hand, steering me in the direction 
toward becoming an efficient and knowledgeable student.ò (Fall 2018 student) 

Reflective Learning Journals 

In my own course, I encourage reflection through the use a reflective learning journal (a practice 
commonly undertaken in nursing education programs; see Thorpe, 2004). Details surrounding 
the first iteration of this assignment can be found in Waggoner Denton (2018) (also see 
Chapters 8 and 9 for more information on the incorporation of writing in statistics courses). As 
described in the course syllabus1:  

A reflective learning journal is a record of the reflective thought and meaning you are 
making as you engage in a learning experience. Thinking about your thinking ï or 
ómetacognitionô ï can help you become a better learner. Statistics in particular can be a 
challenging class for students because for many it is associated with a lot of anxiety. By 
reflecting on your feelings, you will understand them better and be able to manage them 
more effectively. Even if you have no anxiety, reflecting on your learning throughout the 
course will help you become a better learner (and who doesnôt want that?). In addition to 
reflecting on your learning, you can also use these journals to monitor your progress, 
problem-solve, and track your learning goals and priorities.  

I introduce the journal assignment on the first day of class and explain its intention and the 
importance of reflective learning (see Appendix). I also highlight that a reflective learning journal 
is not intended to be a personal diary or a simple of log of learning-related events. The journal is 
worth 5% of the course grade (enough to provide motivation to complete it) and is submitted 
online (through our course learning management system). Having the journal completed online 
is convenient for the students, and makes the assignment manageable in my large (200 
student) class. Students are responsible for submitting a minimum of six or eight journal entries 
(see below) over the course of the 12-week semester, and all entries must be submitted at least 
five days apart from one another (since the purpose of the assignment is to encourage reflection 
throughout the course). While it would also be reasonable to assign specific deadlines for each 
entry (e.g., every other Friday), I prefer to let the students manage their journal entries 
themselves. This also saves me the trouble of dealing with extension requests and other issues 
that would arise if I assigned specific due dates.  

The first time I used this assignment (Fall 2015), students were required to submit eight journal 
entries, and the journals were graded on completion (see Waggoner Denton, 2018). In the most 
recent version of the course (Fall 2018) I decided to place more emphasis on quality over 
quantity. I dropped the number of required submissions from eight to six, and instead of grading 
solely on completion, at the end of semester I randomly selected two entries from each student 
(by rolling a die) and factored the quality of their reflection into their final journal mark. Unlike 
some of the other methods that are reviewed below, I do not provide specific prompts for the 
journal entries. Rather, students are provided with general instructions (both in class and within 
the course LMS; see Appendix) on what the journals should look like (anything from one-
paragraph to a single page) and what a reflective learner does. But ultimately, they have the 
freedom to write about whatever they chose, whenever they chose to do so. Potential benefits 
of the journals are reviewed in the section What? The Effects of Reflection. 

Alternative Methods 

Below I review some additional reflection strategies that others have used, highlighting the key 
features of each strategy as well as any notable outcomes for the learner. Each of these 

                                                
1 Please feel free to use (verbatim or modified) in your own course, no credit necessary.  
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approaches can be viewed as an active learning strategy (goal 4 of GAISE, 2016) in the sense 
that they encourage students to think about some aspect of a classroom activity they have 
recently engaged in. Table 2 allows instructors to quickly compare and contrast each strategy 
along metrics that may aid in the process of deciding whether a particular strategy may work for 
their course or not. However, it is also important to keep in mind that all of these strategies are 
customizable and certainly do not need to be used ñas isò. For example, although most of these 
activities were conducted using paper and pencil methods, there is no reason why they could 
not be moved online (see Chapter 3 for advice on online teaching strategies).  

Reflective Notebooks. While the reflective learning journals emphasize critical reflection over 
diary-style exposition or rote record-keeping, Salinas (2004) reports on the use of a reflective 
notebook that incorporates all of these forms of writing. Student teachers in a mathematics 
course were asked to keep a notebook for the class that contained not only their class notes 
and assignments but also ña mixture of journal-writing, record-keeping, and diary-style noting of 
thoughtsò (Salinas, 2004, p.316). Students were also encouraged to ask questions about the 
material. Every week the instructor would collect the notebooks and write back to the students. 
At the end of the semester, the students received one grade for maintaining the notebook and 
another grade for creating a portfolio that included 10 excerpts from the journal demonstrating 
their growth in understanding and/or confidence. By examining the studentsô entries from the 
beginning to the end of term, Salinas (2004) concludes that the students appeared to develop 
new interpretations of mathematics and an appreciation of why it was important. They also 
began to reflect on and evaluate their own thinking and learning. Notably, the back-and-forth 
communication between the instructor and the students was also seen an integral part of the 
course. The students enjoyed the activity and perceived it as useful. However, it is impossible to 
know how many of the perceived benefits of the reflective notebook came from the 
conversational aspect of the notebook. There is no report of whether those who kept better 
notebooks performed better in the course or improved along any other dimension. 

Learning Check-In. McGrath (2014) describes the use of a ñlearning check-inò in which the 
students in her statistics course were required to email her with two questions, meet with her for 
20-30 minutes, and then complete a learning reflection form. She found that students who were 
randomly assigned to complete the learning check-in before the second test performed better 
on the test (controlling for scores on the first test). However, it is not clear whether it is the 
question generation, the meeting, the reflection, or some combination of these things that are 
responsible for the improved grades. The learning reflection form ask students to: reflect on 
their learning in the course, list behaviors that both help and hinder their learning, identify three 
behaviors they could begin, stop, or modify in order to help them succeed in the course, and 
finally, develop a study plan for the next test. It is not known whether the reflection form was 
graded or not, or how the students felt about the activity or meeting with the instructor.     

One-Minute Papers. One-minute papers are a common way of encouraging students to engage 
in reflection at the end of a class. In their typical form, students are asked to take a few minutes 
to write down the most important thing they learned that day, as well as any questions that 
remain unanswered, although other variations exist (see Stead, 2005). Research has indicated 
that these papers can improve student performance, although they often take much longer to 
complete (up to 10 minutes of class time) than their name implies. Chiou, Wang, & Lee (2014) 
implemented a one-minute paper in an introductory statistics course (using the traditional two- 
part format) and found that compared to a class where the students instead spent the last 5 ï 
10 minutes reviewing a textbook exercise, students in the one-minute paper condition had 
significantly lower statistics anxiety and performed better on tests. Notably, the course instructor 
responded to each paper at the following class meeting. All of the students reported that they 
felt the one-minute papers were helpful and their comments indicate that writing the one-minute 
papers helped them reflect on their understanding and think more deeply about the material. 
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 Table 2. Overview of reflective activities.  

 Amount 

of in-

class 

time 

needed 

Modality Amount of 

work for 

instructor 

Student 

Perceptions  

Feasible 

for large 

classes?  

Most relevant 

learning 

categories 

from Finkôs 

taxonomy 

Key 

Reference 

Reflective 

learning 

journals  

None Online Minimal  Mixed Yes Learning how 

to learn  

Waggoner 

Denton, 

2018 

Reflective 

notebooks 

None On 

paper 

Significant Positive No All Salinas, 

2004 

Learning 

check-in 

None Online + 

in-

person 

Significant  Unknown No  Learning how 

to learn 

McGrath, 

2014 

One-

minute 

papers 

5 ï 10 

minutes  

 

On 

paper 

Minimal to 

moderate 

Positive Maybe Foundational 

knowledge; 

caring 

Chiou et 

al., 2014 

Brief 

reflective 

responses 

2 

minutes  

On 

paper 

Minimal to 

moderate 

Positive Maybe Caring; 

integration 

Hamilton & 

Mallet, 

2018 

Homework 

and exam 

wrappers 

5-10 

minutes 

On 

paper 

Minimal  Positive Maybe Learning how 

to learn 

Chew et 

al., 2016 

 

Brief Reflective Responses. Recently, Hamilton and Mallet (2018) reported on a modified 
version of the one-minute paper that they call brief reflective responses. Students can complete 
the activity at any point during the class and are given only two minutes at the end of the class 
to finish (or quickly write) their reflection. These responses are also meant to be more flexible, 
as the students are not given any specific prompts. To assess the potential benefits of this 
flexibility, Hamilton and Mallet (2018) randomly assigned students in a social psychology course 
to complete reflective responses throughout the semester that were either self-prompted or 
instructor-prompted. Although they did not find any differences in exam grades or enjoyment of 
the activity between the two groups, completion of the self-generated reflective responses led to 
greater perceived relevance of the course material, which in turn predicted exam performance. 
Hamilton and Mallet (2018) suggest that when students are not given a specific prompt to 
respond to, they may consider a wider-range of course material and make more connections to 
their personal lives. However, it is important to note that because this activity was tested in a 
social psychology course, where personal connections with the material often abound, it is 
unclear how well such an activity would transfer to a statistics course.  

Exam and Homework Wrappers. An exam wrapper is a structured reflection activity that occurs 
after an exam is returned. Students are asked to reflect on their exam preparation, the errors 
they made, and the modifications they will make to their study habits moving forward (Lovett, 
2013). While the reported effects of exam wrappers on student performance have been mixed 
(e.g., with null findings reported by Soicher & Gurung, 2017 and Stephenson et al., 2017), Chew 
and colleagues (2016) have used exam and homework wrappers with success in an 
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introductory statics (the study of forces without motion) course for engineering students. 
Students completed homework wrappers during class time after the return of two graded  
homework assignments. They also completed a pre and post-exam wrapper for the second 
exam in the course. The homework and post-exam wrappers included four components: student 
satisfaction with their performance, the types of mistakes they had made, their level of 
confidence in their knowledge, and open-ended questions regarding their study strategies. The 
pre-exam wrapper focused solely on study strategies. Students found the wrappers enjoyable 
and perceived them to be a useful learning activity. Due to the lack of a comparison group, it is 
not known if the use of the wrappers improved studentsô performance in the course. 

What? The Effects of Reflection  

Here I will focus on the effectiveness of the reflective learning journals. Key outcomes for the 

other reflective activities have been included in the descriptions above and additional details can 

be found in the original articles.  

Performance. As reported in Waggoner Denton (2018), students who completed more journal 

entries performed better on the final exam, r(171) = .29, p < .001, controlling for scores on the 

first test. Combined with qualitative data from the students (from Fall 2015), this suggested the 

possibility that students who wrote more journal entries were better able to manage their time 

and/or emotions and were perhaps utilizing more effective study strategies and learning from 

past mistakes. In Fall 2018, the quality of the studentsô journal entries was factored into the 

journal grade (rather than the journals being marked solely for completion as was the case 

previously). Out of the 181 students in the class, 19 received zeros for failing to submit at least 

five entries. Marks for those who submitted at least five entries ranged from 1-5, with an 

average grade of 4.05 (or 81%) (SD = .71). An examination of course data from Fall 2018 

indicates that the marks students received on the journal entries continued to be predictive of 

final exam grades even after controlling for test 1 scores, r(175) = .31, p < .001. Results of a 

multiple regression analysis predicting final exam grades from test 1 scores, scores on weekly 

problem sets, and marks on the reflective learning journal (all entered as percentages) indicated 

that the model explained 49.3% of the variance in final exam scores, F(3, 173) = 57.95, p < 

.001. All three predictors were significant, with the journalsô contribution (B = .091, t = 2.98, p = 

.003) comparable to that of the weekly problem sets (B = .186, t = 2.68, p = .008). This is a 

notable finding, given that (unlike the problem sets) the journals do not provide the students with 

feedback or involve actual practice with the course content. 

Perceptions. In Fall 2015, student perceptions of the journals taken at the mid-point of the 

semester were mixed. However, qualitative data from the end of the semester suggested that 

many students came to develop an appreciation of the journals (Waggoner Denton, 2018). This 

is a trend that I have continued to notice. As an example, here are two journal excerpts from Fall 

2018: 

However, what I realized is that these review journals were actually very helpful. It 
helped me to analyze my studying techniques and actually revise it so I could try 
something new. In the beginning i felt that the prof was giving out useless additional 
work for us to do. I thought that no one is going to be truthful in their responses like they 
are just going to "BS" on it. Basically, that was my strategy to get through it too. On the 
other hand, after my first midterm exam is when everything changed. I was crashed by 
the mark I got, so i wanted to make a change therefore, I went back into my review 
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journals and looked it over. I realized the mistakes I have made and tried to improve on it 
in every journal I didéI'm happy that our professor asked us to do this. 

While I was rather unconvinced at first that writing these journals would particularly 
benefit me in any noticeable way, I realized that it has encouraged me to look back at 
my own learning processes, as well as how to improve them. By reflecting weekly on my 
habits, I have noticed things about my own actions that I was unconscious of before. For 
example, I realized that I have a habit of skimming through parts of the textbook without 
truly registering the information if I had gone over the material before. Therefore, instead 
of reading those sections again, I did practice questions related to those sections, and 
looked back at the chapters whenever I did not understand a concept or formula. I would 
not have noticed my lack of attention if I had not reflected on my past actions, and 
realized what areas of the material I usually struggled more on. I am thankful for having 
the opportunity to keep a reflective journal for this course, as I most likely would not have 
thought to do this otherwise. Keeping a reflective journal is a very effective learning tool 
for me, and in the future, I intend to continue to keep a reflective journal in order to 
further improve my studying habits and techniques. 

While not all students benefit from the journals (of course not everyone is going to take it 

seriously), I receive numerous comments from students each semester on how transformative 

the journals have been for them. For example, the following is an excerpt from a Fall 2018 

student course evaluation:  

I would like to end this review by touching on one of the most effective teaching 
strategies that I've ever encountered during my educational journey: journaling. 
Professor Denton embedded into student evaluations the requirement to complete a 
weekly journal each week. In these journal entries, we were asked to reflect on the 
material covered in the past week, our thoughts about statistics and the impact that it 
has on our lives, and comments about our successes and challenges in statistics class 
and beyond. As a result of these entries, I was able to reflect on my learning not only in 
PSY201, but in other classes as well. This was a deeply empowering experience, and it 
led to me setting new goals for myself in all of my classes. As a result, I felt more 
confidence going into the final examination period, and I took active control of my 
academic performance. 

It is this type of feedback that encourages me to keep the journal as part of my statistics course. 

In the future, I will be returning to a requirement of at least eight journal entries, as I do not 

believe that grading the quality of the journals led to any improvement in overall quality (see 

also Sumsion & Fleet, 1996; Dyment & OôConnell, 2011). By completing more entries, the 

practice of reflection is more likely to become habit-forming. As with most things, the more 

practice the students get with reflection, the better.  

Conclusion 

Teaching statistics presents unique challenges for instructors, and although there is no silver 

bullet, I do believe that many of these challenges can be turned into strengths when students 

are encouraged to engage in reflection. The feedback that I have received regarding the 

reflective learning journals has been among the most valued feedback that I have received in 

my teaching career, because it indicates that the students have not just learned about statistics, 

but that they have learned things about themselves they will carry with them into the future. 

Whether you adopt one of the strategies outlined here, mix a few of them together, or end up 



 

   
 

50 

coming up with something completely new, I hope that you have been inspired to encourage 

more reflection in your students. Those who take it seriously will be the better for it.  
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