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Flipping out about the flip: All hype or is there hope?
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A B S T R A C T

The flipped classroom was founded on student-centered pedagogy, with the idea that
students retain more information by using active learning techniques during class
compared to sitting in a lecture-based course. We implement a randomized experiment to
quantify the effect of flipping on the learning outcomes of economics students. We
compare standardized exam scores of students who experienced a flipped classroom to
those who experienced a traditional classroom in principles of microeconomics courses.
OLS regression results show that, following a negative adjustment period, students who
experienced the flipped classroom scored significantly higher on midterm and final exams
than did the control group. The magnitude of these effects suggests improvements in the
students’ scores of a lower bound of two-thirds to an entire a letter grade.

ã 2015 Elsevier Ltd. All rights reserved.

1. Introduction

While student-centered learning is gaining in popularity, undergraduate economics courses are still widely taught in the
lecture format. Some instructors do attempt to incorporate active learning in their classes; however, these activities are
limited due to the amount of content that must be covered (Hughes, 2012). Additionally, students most often need the
instructor’s expertise when trying to apply knowledge to problems or homework assignments, when the instructor typically
is not around (Bergmann and Sams, 2012a,b). One solution to this problem is the “flipped” or “inverted” classroom. Flipping a
class means the activities that traditionally take place in the classroom, such as lecture, are experienced outside of the
classroom while activities that usually take place outside of the classroom now take place inside of it (Bergmann and Sams,
2012b; Hughes, 2012). Flipping a class is more than simply shuffling activities; this method is founded on student-centered
pedagogy and employs active learning techniques during class time.

While there is no one formula for how to design and implement a flipped course and all flipped courses may look
different, there are a few commonalities. In a flipped class, instructors typically break down lectures into modular
components and create, or find, videos up to 20 min in length (Bergmann and Sams, 2012b; Hughes, 2012). Students watch
these videos outside of the classroom on their own time. Proponents claim it enables students to learn new content at their
own pace, allowing them to watch, pause, or re-watch lecture videos as necessary (Bergmann and Sams, 2012b; Talbert,
2012). Students may be assigned an activity to complete as evidence of watching the videos (e.g., worksheet, notes outline,

* Corresponding author. Fax: +585 899 3757.
E-mail addresses: lcalimeris@sjfc.edu (L. Calimeris), dr.katherine.sauer@gmail.com (K.M. Sauer).

http://dx.doi.org/10.1016/j.iree.2015.08.001

Contents lists available at ScienceDirect

International Review of Economics Education

journal homepage: www.elsevier .com/ locat e/ i ree
1477-3880/ã 2015 Elsevier Ltd. All rights reserved.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.iree.2015.08.001&domain=pdf
mailto:lcalimeris@sjfc.edu
mailto:dr.katherine.sauer@gmail.com
http://dx.doi.org/10.1016/j.iree.2015.08.001
http://dx.doi.org/10.1016/j.iree.2015.08.001
http://www.sciencedirect.com/science/journal/14773880
www.elsevier.com/locate/iree


14 L. Calimeris, K.M. Sauer / International Review of Economics Education 20 (2015) 13–28
online quiz). In class, instructors may use Just-in-Time Teaching1 techniques to address confusion students have with
material encountered prior to class. The instructor may have students post online, email in advance, or bring questions with
them to class. After a few minutes of discussion, activities such as problem solving, group work, discussions, simulations, or
experiments may take place.

Learner-centered teaching has its roots in Piaget’s cognitive theory (1967) and Vygotsky’s zone of proximal development
(Vygotsky, 1978). In the economics discipline, there is strong evidence to support the learning benefits of many kinds of
active learning techniques. The International Handbook on Teaching and Learning Economics (2012), edited by Hoyt and
McGoldrick (2012), meticulously documents the research and best practices for teaching with case studies, context-rich
problems, cooperative learning, discussions, classroom experiments, interactive lecture demonstrations, and Just-in-Time
Teaching techniques, all within the economics discipline. This book is a comprehensive guide to research-based best
practices in teaching undergraduate economics. The Starting Point: Teaching and Learning Economics website is a free resource
that “provides a comprehensive array of research-based instructional strategies aimed at promoting student learning in
economics” (Starting Point, 2014).

Recent published studies attempt to quantify the effects of flipping on student learning outcomes; however, there is
significant room for improvement in the rigor of both experiment design and analysis.2 Pierce and Fox (2012), for example,
flipped one set of topics in a pharmacy class. Using a t test, they conclude that students who experienced the topics in a
flipped manner scored higher on the corresponding exam questions than students from the previous semester; demographic
controls and regression analysis were not used. Larson and Yamamoto (2013) compare a fully-flipped spreadsheet skills
course with a control course from a previous semester and analyze homework scores with in-class scores of the same
problems. Using a t test, they find no significant difference in scores; demographic controls and regression analysis were not
used. Moravec et al. (2010) employ a “learn before lecture” technique for several topics in a biology class. They compare the
number of students in two fall 2009 treatment classes correctly answering certain exam questions with the number of
students in two control classes during both fall 2007 and fall 2008. Using Fisher’s exact test, they conclude that there is a 21%
increase in mean performance scores on the five exam questions related to the “learn before lecture” treatment material. This
result is likely overstated because students in the treatment class who did not complete one of the preparation assignments
were dropped from the analysis. Findlay-Thompson and Mombourquette (2014) flip an introductory business course and
compare student outcomes on exams, quizzes, and other assignments from that class with outcomes from students in two
control classes during the same semester in 2012. Using descriptive statistics, they find no significant difference between the
student outcomes in the flipped and traditional classes.

Given the paucity of a thorough quantitative analysis of flipped courses, this paper attempts to quantify the educational
benefits of flipping the class in an introductory economics course at a small, private college based in the liberal arts tradition.
We randomly assigned two sections of introductory microeconomics to comparison and treatment groups. The same
instructor taught both groups, and there were no meaningful significant observable differences between academic and
demographic characteristics between the two sections. We use standardized student exam scores on two midterms and the
final exam to determine the effect of teaching methods on student outcomes.

Using ordinary least squares and controlling for demographics and academic achievement, results indicate that students
in the flipped classroom scored significantly better on the second midterm and final exam compared to students in the
traditional class. Flipping the class was associated with increases on standardized test scores of roughly 0.57–0.64 standard
deviations compared to students in the traditionally taught class. This translates to a lower bound of an increase of roughly
two-thirds to an entire letter grade. In surveys of student perceptions, students generally responded favorably to the flipped
class structure.

The rest of this paper proceeds as follows: we first explain the methodology and then describe the model. We next discuss
the the regression results and qualitative analysis of student perceptions. Finally, we present a discussion of the limitations of
this study before concluding.

2. Methods

2.1. Experimental design

During the Fall 2013 semester, the instructor taught two 55-min sections of introductory microeconomics back to back at
9:05 am and 10:10 am on Mondays, Wednesdays, and Fridays in the same classroom.3 Students enrolling in the two courses
did not know of any differences between the courses except for the time slot. Using a simple coin toss, we randomly assigned
the sections to comparison and treatment groups. The flipped course is considered the treatment group, while the traditional

1 Just-in-time teaching is a method that entails students completing online assignments that the teacher reviews just before class (i.e., “just in time”) so s/
he can adjust that day’s material to address student-learning needs.

2 We restrict our search to articles published in peer-reviewed journals and exclude conference proceedings, since those manuscripts may still be in
progress and the results not finalized.

3 The classroom was a tiered classroom with a capacity for 40 students. The students sat in cushioned chairs with wheels, and the classroom was better
suited for a lecture class as students did not have their own desks which they could maneuver for activities, making rearranging the room for experiments

and demonstrations difficult.
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course is considered the comparison group. On the first day of class, the instructor informed the students that she was
researching the effectiveness of different teaching techniques and her research was Institutional Review Board-approved4,
but she did not explicitly state what the different techniques were, nor did she explain which group was considered the
treatment group and which group was considered the control group. All students in both classes indicated willingness to
participate in the study and to have the instructor access their records.

Both groups had access to the same Aplia problems, reading guides for the text, practice tests, and some in-class
worksheets. The instructor-provided class notes and lecture material were identical across groups as well, except that the
lectures were pre-recorded for the treatment group to watch prior to class while the comparison group experienced the
lectures during class. Therefore, while the class notes were exactly the same, including definitions, explanations, and
examples, the comparison group had the advantage of being able to interact with the lecture and ask questions immediately,
while the treatment group had to wait until class to ask questions.

The instructor taught the comparison group as she had traditionally taught introductory microeconomics courses for five
semesters. She lectured students on the material for a given chapter, perhaps showed them a clip from a movie or television
show that illustrated the concept in the “real world”, and at the end of each chapter, students completed worksheets in class.
Students worked individually, in pairs, or in groups on these worksheets. For homework, students read the text and
completed Aplia assignments.

In the flipped class, students experienced the lectures via videos that the instructor created. The instructor used Echo
360 to record the lecture videos. The videos were all in a similar format: a PowerPoint shell with a black background.
Definitions, data, and some text were pre-loaded into the PowerPoint presentation, where items would animate upon a click.
Using the screen-capture technology, the instructor recorded a voice-over of the PowerPoint slide show, and where
appropriate, she annotated the slides using a pen-tablet technology. For example, in the videos, axes and titles of graphs were
animated to “draw” on the screen, meanwhile, the instructor hand drew the supply and demand curves, shaded in the areas
of consumer and producer surplus by hand, and solved calculations by hand. As another example, table shells were pre-
loaded into the PowerPoint, but the instructor explained how to fill them out and filled them out by hand on the recordings.
To keep the videos “interesting” (as if the content weren't enough!) the instructor included clip art or other pictures from the
internet when appropriate. Videos ranged in length from 4 to 21 min, with a mean of 11 min and a standard deviation of
4 min.

Students in the flipped class watched 1–4 videos for homework for the start of the next class. During the first day of class,
the instructor showed the students how to access the videos and how to take notes while watching. She showed the students
how to pause and rewind the videos if need be. She also guided them through how they might choose to take notes. The
instructor incentivized the students to watch and take notes on the lecture videos by giving them a daily quiz on which they
were permitted to use their notes. The quizzes were based off of the lecture material from the video(s) due that day in class.
The quizzes were “5 min” quizzes that contained five true/false, multiple choice, and/or fill in the blank questions, each
question being worth one point. The questions were knowledge-based questions, such that students who had watched the
videos and taken good notes should easily have earned a 4 or 5 out of 5 on the quizzes. Because the instructor had an
attendance policy in the traditional class allowing students to miss 6 classes without penalty, the instructor dropped the
lowest 6 quiz grades. This allowed students to miss classes and not be penalized, to miss lecture videos, to come unprepared
to class if need be, or to simply have a poor quiz score from time to time and not suffer major consequences.

While the students were taking their daily quizzes, the instructor passed back the previous quizzes and prepared for that
class’s activities. After the quizzes, the instructor asked if there were questions on any of the material, but usually students
did not volunteer questions. After the quizzes, students engaged in different activities depending on the day and material.

On Mondays and Wednesdays, the class participated in a variety of activities, including experiments, such as the market
experiment for supply and demand5, or the tennis ball experiment6 for production and costs; analyzing and discussing
popular press news articles, such as for positive/normative statements and price controls; watching video clips from popular
television shows (e.g. The Colbert Report) and discussing and analyzing them; creating mind and concept maps; and
completing worksheets relating to each of the activities. Students also completed worksheets identical to those the
traditional class completed for each chapter.

4 A school’s Institutional Review Board (IRB) or human subjects review committee is responsible for reviewing and approving all research on human
subjects to ensure that the research is ethical and complies with all federal and institutional guidelines. Therefore, the research presented in our paper was
conducted in a way that conforms to all federal and institution-specific guidelines.

5 The market experiment game consists of randomly dividing the class into buyer and sellers. Students are provided with slips of paper which indicate if
they are a buyer or seller of widgets (or another item) and their maximum willingness to pay (or minimum cost). Their goal is to either purchase the widget
for less than or equal to their willingness to pay or to sell the widget for greater than or equal to their cost. Students interact as though in a market to find a
trade partner. The transactions are recorded to arrive at an overall equilibrium price. The game may be played in multiple rounds to illustrate different
concepts and theories.

6 The tennis ball experiment game illustrates production and costs and the concept of diminishing marginal product. The instructor places a box of tennis
balls at one end of the classroom and an empty bucket at the other end. Volunteers become “workers” who transport one ball at a time from the box to the
bucket. Each transferred ball is considered one unit of production. As more workers are added to the capital constrained space, fewer balls are transferred.
Assigning wages and capital costs illustrates the concepts of fixed and variable costs. Recording the data allows for the computation of the different types of

costs.
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To maintain as much consistency between the two classes, and to best identify the effect of flipping, both groups had the
same Aplia homework. Since the students in the flipped class spent their time outside of class watching lecture videos,
Fridays were designated “Aplia Days” during which students worked individually, in pairs, or in groups to solve problems.
The instructor walked around the room and answered questions or worked through problems with the students as they
requested the help. Sometimes, the instructor worked with a single student, but more often she worked with pairs of
students who were working on the homework together7.

2.2. Data

Since the flipped class had the benefit of working on Aplia during class, and since they also had quizzes as a part of their
final grade, the overall course grade was not used to assess effectiveness. Instead, standardized raw scores on midterm exams
and the final exam were used to assess the effectiveness of flipping on student outcomes8. Both classes received the same
exams, two mid-semester exams and a final exam. Midterm exams were not cumulative, but the final exam was. Therefore, in
a sense, the final exam indicates what the students learned in the course as a whole. All exams were structured the same and
contained fill-in-the-blank definition questions, true/false questions, multiple choice questions, and short answer questions.

To avoid unintentional bias in grading, the students were assigned random numbers for each of their exams and wrote
these numbers on the cover sheet for their exams instead of their names. The instructor shuffled the exams from both classes
together prior to grading to further ensure that she did not know whose exams she was grading. Once the grading had been
completed, the instructor sorted the exams and wrote the students’ names on their exams.

While students in the traditional class were expected to read the text outside of class, many students fail to do so, and so
the time that students in the traditionally taught class spend on the course outside of the class meeting time might be less
than students in the flipped classroom. To assess whether the time difference was a factor and to control for time use outside
of class, at the end of each week, both groups reported weekly time on task estimates using the Qualtrics Survey Tool (Fig.1)9.
To provide students with confidence that they would not be penalized or judged for their responses and to encourage

Time-on-Task Su rvey 

Econ ID # ______________         We ek of ___________________ 

Please  fill ou t to the best of  your memory, as  truthfully an d honestly as  possible. 

Last week, ho w much  time did you spen d on each of the  
followi ng cou rse  activiti es,  outside  of our  class  time  togethe r?

Reading the boo k (i ncl udin g taking no tes  while  yo u 
rea d)

______  ho urs  an d ______ 
minut es 

Re-copying or study ing lecture note s ______  ho urs  an d ______ 
minut es 

Workin g on req uired Aplia proble ms ______  ho urs  an d ___ ___ 
minut es 

Working  on practice prob lems ______  ho urs  an d ______ 
minut es 

Reviewing /resolving  in-class assignmen ts ______  ho urs  an d ______ 
minut es 

Making flash cards ______  ho urs  an d __ ____ 
minut es 

Solving practice tests ______  ho urs  an d ______ 
minut es 

Other Activities(please  list)
______  ho urs  an d ______ 
minut es 

Week’s  Total ______  ho urs  an d ______ 
minut es 

Please comment  on  the  ti me you  put into this  cou rse last  wee k, ou tside of our class  
meetings .  Are you sa tisfied with  your st rateg y?  Do you  wish you cou ld  chan ge s ometh ing?   
Addition ally, if  ther e was a re ason  that  preve nted  you fr om stu dyi ng as  much as yo u would  
have like d, pl ease expl ain (e .g. s udde nly ge tting called into  work, just co uldn ’t find  the 
moti vation,  had a diff erent cl ass’s  test to study  for,  et c).    

Fig. 1. Time on task survey.

7 In Aplia, students were allowed to try each problem up to three different times, and each time they were given a different version of the problem. Since
the versions are not necessarily the same from student to student, students working together would often have to “solve” and think through two different
versions to help one another. While this made it more difficult for students to work together, it also forced them to think about the problems in a more
general manner and to think through the problems more thoroughly than if they were working on their own.

8 Raw scores were used for the standardization to exclude extra credit and curves which do not indicate student learning.

9 All surveys were converted to online format but contained the same questions as seen in figures. Surveys are available in online format upon request.
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honesty in reporting, students were assigned another random number for anonymity purposes. Since the instructor could
not enforce filling out the survey, she incentivized students to fill out the survey by offering extra credit on their final exam
score to those who consistently did (5 points were added if all surveys were filled out, 4 points for missing one, and 3 points
for missing two). The instructor informed the students that she would not look at the survey responses until after she had
submitted semester grades, but prior to doing so, she would look at the tally only to assign the extra credit points.

Therefore, this data may be biased because it is based on recall, suffers from selection bias, and students still may have felt
pressure to overestimate. Therefore, this data is included in sensitivity analyses and robustness checks only.

Student demographic data were obtained from the college’s records, and additional information not included in school
records, such as if the student worked or participated in sports or clubs, type of internet access, and parental education
information was obtained using a Qualtrics survey (Fig. 2). Once again, the instructor offered extra credit to students who
filled out this survey. Again, this data is self-reported and may suffer due to self-selection or faulty recall. These data are
therefore included in sensitivity analyses only.

Finally, student opinions regarding the flipped class were obtained using a final Qualtrics survey (Fig. 3). Once again, the
instructor offered extra credit to students who filled out this survey. Again, this data is self-reported and may suffer due to
self-selection or faulty recall. These data are therefore included for descriptive purposes only.

Unfortunately, while the Echo 360 system attempts to track the number of students who log in, the videos they watch, as
well as the percent of the videos that they watch and the percent that they complete, an analysis of the data and contacting
Echo 360 indicated that the data were flawed. A further weakness that was brought to the instructor's attention after the
conclusion of the semester was that the system at that time was unable to track students who logged in via an iPhone or
iPad10. Therefore, we were unable to include controls for video viewing.

3. Model

We use a multiple regression model to assess the effect of flipping the class on student outcomes. Multiple regression
allows us to estimate more precisely the effect that flipping has on tests scores as it incorporates additional controls for other
factors that affect test scores, thereby explaining more of the variation in test scores compared to a simple difference in

Please answe r the following  questi ons  to the best of you r knowledge. Th ank you! 

1. Do you  work during  the scho ol year? 
    Yes     No  
2. If you  work during  the scho ol year, on  average, ho w many hours per we ek do  you work? 
3. Do you  play a sp ort at college?  
    Yes     No  
4. Do you  bel ong  to any cl ubs at college? 
    Yes     No  
5. What ty pe of internet access  do you curren tly have  at  your off -campus res iden ce during 
the sem ester? 
     N/A,  I live on  campus 
     None 
     Dial up 
    Hig h Spee d/Br oadband  
     Satellite 
    O ther 
6.   What  is  yo ur age  in years ? 
    17   25 
    18   26 
    19   27 
    20   28 
    21   29 
    22   30 
    23   over  30 
     24 
7.   What  is  yo ur mother's highest degree of educ atio n? 
     Less th an hi gh school  
     High school gradu ate 
     Some col lege  
    Ass ociate's  Degree (2 yr)  
     Bac helor 's Degree (4 yr) 
    Gr adu ate  degree  (MBA , MA,  MS,  PhD, JD , MD, etc .) 
8.  What is yo ur fathe r's high est  de gree of edu cation ? 
     Less th an hi gh school  
     High school gradu ate 
     Some col lege  
    Ass ociate's  Degree (2 yr)  
     Bac helor 's Degree (4 yr) 
    Gr adu ate  degree  (MBA , MA,  MS,  PhD, JD , MD, etc .) 

Fig. 2. Student demographic survey.

10 It is unclear if the tracking flaw had been fixed at the time of writing this paper. Also, Echo 360 was aware of the issues with the data and statistics was
working to resolve the issues and improve upon its statistics and reporting options for users. Overall, the author was extremely happy with the simplicity

and ease of using Echo 360.



18 L. Calimeris, K.M. Sauer / International Review of Economics Education 20 (2015) 13–28
means test. We therefore estimate the following model:

EXAMi ¼ a þ bFLIPi þ Si
0g þ Xi

0d þ ui ð3:1Þ
where EXAM is the standardized raw score on student i’s first midterm, second midterm, or final exam, for students
i = 1 . . . n. FLIP is a dummy variable equal to one if the student was enrolled in the flipped class and equal to zero if the
student was enrolled in the traditional class. Sis a vector of academic controls, including number of absences, if the student
received AP or college credit in high school, if the student took AP economics, and the student’s math and reading SAT
scores11. All of these controls are expected to be positively related to exam scores, with the exception of absences, as more
able students will generally take AP courses and score higher on SATs compared to students with lower abilities. Absences
are expected to be negatively associated with exam scores since students will miss class material and activities, thereby
decreasing overall learning. X is a vector of demographic controls, including gender, age, ethnicity, highest level of maternal
and paternal education, and household income. The theoretical effects of gender and age are ambiguous. On the one hand,
females generally do better in college than males (DiPrete and Buchmann, 2013), but economics is also a male-dominated
field. Typically, a prioriexpectations would suggest age to have a positive and significant effect on test scores, as older
students tend either to take school more seriously, to work harder, or generally to know how to study more effectively
compared to younger students. As a robustness check, we also estimate a more parsimonious specification of Eq. (3.1).

If there is a positive effect of flipping on test scores, one might argue that flipping merely is causing students to spend
more time on economics outside of class. Therefore, as robustness checks, we estimate the following model:

EXAMi ¼ a þ bFLIPi þ TOT0it þ S0 ig þ X0
id þ ui ð3:2Þ

where TOT is a vector of time-on-task controls, including the self-reported time spent watching videos, reading the book,
studying for exams, completing homework, and other activities.

In addition to assessing the quantitative impact of flipping on student outcomes, student perceptions of class and learning
are important as well. Therefore, to assess the student reception and perceptions of flipping, we provide a qualitative analysis
of students’ self-reported experiences and opinions.

Student Survey  

Econ ID # ______________ 
Please rate your level of  agreement with the  following  statement s b y ch ecking  the 
appropri ate box . 

Statement Strongly 
Agree  Agre e

Neither  
Agre e 
Nor  

Disa gree 

Disa gree Strongly 
Disag ree

I pref er  a “flippe d” cl assroom 
forma t to a “tradi tiona l” le cture 
format. 
I prefer a traditional lec ture format.            
I wou ld prefer  a hyb rid model  
where so me topics are still lectur ed 
on in class and  others  are fli pped. 
I beli eve that I learned more 
economics with  this cl ass format.   
I wou ld prefer  to take  my nex t 
economics  course  with this  type of 
class format. 
I enjoyed wo rking in grou ps in 
class.  
I lea rned a lot working in grou ps in 
class.  
There is  too  much work to do  
outside  of  the clas s for this  cour se.   
I worke d more in this  class  than in 
my other class es this semester.   
The wo rkload for this  course was 
appropria te.  
I read the textbook in th is  class 
more than I would  have in other 
economics  classes. 
I read the textbook in th is  class less 
tha n I wou ld have  in othe r 
economics  classes. 
I read  the textbook  in th is c lass  the 
same as  I would  in  any  econ omics 
class.  
I had diff icu lty taki ng no tes an d 
paying  attention  to  le cture.  
Other  comme nts: 

Fig. 3. Student opinion survey.

11 Since the majority of students were first-semester freshmen, using the students’ incoming GPA was not feasible. High school GPA was not used as GPAs

are not comparable across schools, districts, and states.



Table 1
Summary statistics and differences between flipped and traditional class.

Flipped class Traditional class Difference

Mean Std. err n Mean Std. err n Mean Std. err t-stat N total

Standardized exam 1 score 0.18 0.24 31 �0.02 0.16 35 0.21 0.24 0.87 66
Standardized exam 2 score 0.34 0.23 31 �0.13 0.16 35 0.48 0.23 2.09 66
Standardized final exam score 0.32 0.23 31 �0.10 0.16 35 0.42 0.23 1.80 66
Senior (=1 if senior) 0.00 0.00 31 0.00 0.00 35 0.00 0.00 0.00 66
Junior (=1 if junior) 0.03 0.03 31 0.00 0.02 35 0.03 0.03 1.06 66
Sophomore (=1 if sophomore) 0.06 0.05 31 0.03 0.04 35 0.04 0.05 0.69 66
Freshman (=1 if freshman) 0.90 0.06 31 0.97 0.04 35 �0.07 0.06 �1.15 66
Absences 1.35 0.38 31 1.06 0.26 35 0.30 0.38 0.79 66
Enrolled with AP credit 0.48 0.12 31 0.66 0.08 35 �0.17 0.12 �1.42 66
Took AP econ in high school 0.16 0.09 31 0.14 0.06 35 0.02 0.09 0.21 66
Math & reading combined SAT 1065 27 31 1041 18 35 24.27 26.98 0.90 66
Math SAT 547 16 31 541 11 35 6.28 15.59 0.40 66
Reading SAT 517 16 31 499 11 35 17.99 15.98 1.13 66
Commuter (=1) 0.19 0.09 31 0.11 0.06 35 0.08 0.09 0.89 66
Work (=1)a 0.43 0.13 28 0.41 0.09 32 0.02 0.13 0.17 60
Athlete (=1)a 4.93 1.96 28 5.28 1.34 32 �0.35 1.96 �0.18 60
Hours workeda 0.25 0.12 28 0.41 0.08 32 �0.16 0.12 �1.28 60
Club member (=1)a 0.64 0.13 28 0.58 0.09 31 0.06 0.13 0.48 59
Broadband internet (=1)a 0.39 0.11 28 0.16 0.08 32 0.24 0.11 2.11 60
Satelite internet (=1)a 0.04 0.03 28 0.00 0.02 32 0.04 0.03 1.07 60
Other internet (=1)a 0.04 0.06 28 0.06 0.04 32 �0.03 0.06 �0.47 60
Female (=1) 0.26 0.12 31 0.43 0.08 35 �0.17 0.12 �1.45 66
Age (years) 18.19 0.18 31 18.09 0.12 35 0.11 0.18 0.60 66
White (=1) 0.84 0.10 31 0.74 0.07 35 0.10 0.10 0.94 66
Hispanic (=1) 0.03 0.05 31 0.06 0.04 35 �0.02 0.05 �0.48 66
Black (=1) 0.00 0.04 31 0.06 0.03 35 �0.06 0.04 �1.35 66
Asian (=1) 0.06 0.04 31 0.00 0.03 35 0.06 0.04 1.53 66
Mother’s highest education: college (=1) 0.61 0.12 31 0.43 0.08 35 0.18 0.12 1.50 66
Mother's highest education: high school (=1) 0.32 0.12 31 0.43 0.08 35 �0.11 0.12 �0.88 66
Mother’s highest education: unknown (=1) 0.06 0.08 31 0.14 0.05 35 �0.08 0.08 �1.02 66
Mother’s highest education: less HS (=1) 0.00 0.03 28 0.03 0.02 32 �0.03 0.03 �0.93 60
Father’s highest education: college (=1) 0.35 0.12 31 0.43 0.08 35 �0.07 0.12 �0.60 66
Father’s highest education: high school (=1) 0.58 0.12 31 0.43 0.08 35 0.15 0.12 1.23 66
Father’s highest education: unknown (=1) 0.06 0.08 31 0.14 0.05 35 �0.08 0.08 �1.02 66
High income family (=1) 0.52 0.12 31 0.46 0.09 35 0.06 0.12 0.47 66
Middle income family (=1) 0.19 0.11 31 0.29 0.07 35 �0.09 0.11 �0.86 66
Low income family (=1) 0.23 0.10 31 0.17 0.07 35 0.05 0.10 0.55 66
TOT: number weeks filled out Time on task (TOT) surveya 11.13 0.53 31 10.40 0.36 35 0.73 0.53 1.38 66
TOT: ave. weekly minutes (sum of minutes & hours)a 288.5 38.4 31 270.5 26.3 35 18.0 38.4 0.47 66
TOT: ave. weekly minutes readinga 22.5 9.6 31 53.0 6.6 35 �30.5 9.6 �3.16 66
TOT: ave. weekly min. study notesa 65.2 11.6 31 53.5 8.0 35 11.7 11.6 1.01 66
TOT: ave. weekly min. Apliaa 82.8 10.4 31 93.0 7.1 35 �10.2 10.4 �0.98 66
TOT: ave. weekly min. solving practice testsa 15.0 3.0 31 13.6 2.1 35 1.5 3.0 0.49 66
TOT: ave. weekly min. othera 56.7 9.3 31 3.7 6.3 35 53.0 9.3 5.73 66
TOT: ave. weekly minutes (Min + Hr) up to exam 1a 291.1 38.1 31 257.0 26.1 35 34.0 38.1 0.89 66
TOT: ave. weekly minutes reading up to exam 1a 25.9 10.1 31 52.4 6.9 35 �26.6 10.1 �2.62 66
TOT: ave. weekly minutes studying notes up to exam 1a 71.6 13.2 31 48.3 9.0 35 23.3 13.2 1.77 66
TOT: ave. weekly min. Aplia up to exam 1a 78.7 10.7 31 93.3 7.3 35 �14.6 10.7 �1.36 66
TOT: ave weekly min: practice tests up to exam 1a 13.8 3.0 31 11.1 2.1 35 2.6 3.0 0.88 66
TOT: ave. weekly min. other up to exam 1a 56.9 9.9 31 4.0 6.8 35 52.9 9.9 5.37 66
TOT: ave. weekly min. (Mins + Hrs) between exams 1 & 2a 260.2 44.2 31 274.7 31.0 32 �14.4 44.2 �0.33 63
TOT: ave. weekly min. reading between exams 1 & 2a 13.0 10.3 31 53.8 7.2 32 �40.9 10.3 �3.98 63
TOT: ave. weekly min. study notes between exams 1 & 2a 51.7 12.7 31 57.1 8.9 32 �5.5 12.7 �0.43 63
TOT: ave. weekly min. Aplia between exams 1 & 2a 85.0 11.4 31 89.0 8.0 32 �4.1 11.4 �0.36 63
TOT: ave weekly min. practice tests between exams 1 & 2a 16.1 4.4 31 14.0 3.1 32 2.1 4.4 0.48 63
TOT: ave. weekly min. other between exams 1 & 2a 57.2 11.0 31 2.2 7.7 32 55.0 11.0 5.01 63

a Student-reported.

L. Calimeris, K.M. Sauer / International Review of Economics Education 20 (2015) 13–28 19



20 L. Calimeris, K.M. Sauer / International Review of Economics Education 20 (2015) 13–28
4. Results

Table 1 presents the summary statistics for the two classes. The main sample consists of 66 students enrolled in the two
classes, 31 in the flipped class and 35 in the traditional class12. The differences between the flipped and traditional classes
were determined to be significant based on a t-test for differences in means. There was no significant difference on the
standardized scores for exam 1 between the two classes (Fig. 4), while students in the flipped class scored significantly
higher, with an increase in test scores of roughly 0.48 standard deviations, on the second midterm exam (Fig. 5). There was
no significant difference on the final exam (Fig. 6). With respect to academic ability, Table 1 indicates that students in the
flipped and traditional classes were similar in ability, with no significant differences between the groups with respect to
receiving AP credit, taking AP economics courses, combined SAT score, and math and reading individual SAT scores. There
were also no significant differences in absences between the two classes. There are virtually no significant differences with
respect to the demographics between the two classes. There were no differences with respect to class year or age, gender,

0
.2

.4
.6

K
de

ns
ity

-3 -2 -1 0 1 2
Stan dardized Exam 2 Scores

Flipped Traditional

Fig. 5. Density graph of standardized exam 2 score, by class structure.
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Fig. 4. Density graph of standardized exam 1 score, by class structure.

12 One student withdrew from the flipped class at the beginning of the semester, and no students switched sections. There were a total of 77 students
enrolled in the two classes, 38 in the flipped class and 39 in the traditional class, but due to missing SAT scores and academic information from transfer
students, 11 were excluded from the analysis.



Table 2
OLS analysis of flipping on standardized test scores.

Model I Model II Model III

Exam 1 Exam 2 Final Exam 1 Exam 2 Final Exam 1 Exam 2 Final

Flipped 0.2117 0.5040*** 0.5344*** 0.3379 0.5290*** 0.5672*** 0.2896 0.5666*** 0.6410***

(0.207) (0.178) (0.196) (0.203) (0.185) (0.205) (0.215) (0.188) (0.229)
Absences �0.0836 �0.2048** �0.1637*** �0.0455 �0.1896* �0.1720*** �0.0548 �0.1807** �0.1527***

(0.062) (0.090) (0.049) (0.067) (0.095) (0.055) (0.065) (0.079) (0.049)
AP Econ (=1) �0.3556 �0.0441 �0.3300 �0.2986 0.0266 �0.2991 �0.2898 0.0163 �0.2818

(0.298) (0.263) (0.304) (0.296) (0.287) �0.322 (0.296) (0.263) (0.311)
AP or college credit (=1) 0.3842 0.3047 0.5418** 0.4101* 0.2983 0.5645** 0.3959 0.2874 0.5516**

(0.235) (0.216) (0.213) (0.225) (0.223) �0.221 (0.237) (0.213) (0.224)
Math SAT 0.0050** 0.0059*** 0.0055*** 0.0063*** 0.0063*** 0.0056*** 0.0067*** 0.0069*** 0.0056**

(0.002) (0.002) (0.002) (0.002) (0.002) �0.002 (0.002) (0.002) (0.002)
Crit read SAT 0.0026 0.0018 0.0014 0.0025 0.0014 0.0008 0.0020 0.0014 0.0005

(0.002) (0.001) (0.002) (0.002) (0.001) �0.002 (0.002) (0.002) (0.002)
Freshman (=1) �0.1915 �0.2563 0.3759 0.7552* 0.1929 1.0131** 0.8292 0.1817 0.7603

(0.284) (0.421) (0.236) (0.441) (0.525) (0.430) (0.535) (0.597) (0.506)
Commuter (=1) 0.3007 0.3161 0.0850 0.3934 0.3577 0.0323

(0.242) (0.259) �0.242 (0.274) (0.284) (0.255)
Female (=1) 0.4678* 0.1610 0.1225 0.4941* 0.1740 0.1202

(0.256) (0.216) �0.219 (0.268) (0.213) (0.219)
Age (years) 0.2107 0.0769 0.2557 0.2034 0.0196 0.1805

(0.194) (0.204) (0.173) (0.223) (0.215) (0.190)
White (=1) �0.4354 �0.0306 0.1383 �0.4296 �0.0663 0.1159

(0.299) (0.227) (0.291) (0.298) (0.215) (0.303)
Family income: high (=1) �0.3351 �0.6747* �0.1523

(0.322) (0.337) (0.368)
Family income: mid level (=1) �0.2821 �0.2212 0.0227

(0.388) (0.294) (0.306)
Mother’s highest ed.: college (=1) 0.2649 0.0328 �0.1703

(0.220) (0.245) (0.250)
Father’s highest ed.: college (=1) �0.0275 0.3435 0.4978*

(0.258) (0.293) (0.296)
Constant �3.9526*** �3.9529*** �4.2832*** �9.3070** �5.9133 �9.4618** �9.0823* �4.9695 �7.7450*

(1.060) (0.852) (0.938) (4.202) (4.088) (3.759) (4.836) (4.510) (4.300)
Observations 66 66 66 66 66 66 66 66 66
Adjusted R-squared 0.211 0.388 0.356 0.255 0.359 0.334 0.222 0.384 0.320

Robust standard errors in parentheses.
* p < 0.1.
** p < 0.05.
*** p < 0.01.
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Fig. 6. Density graph of standardized final exam scores, by class structure.
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ethnicity, parental level of education13, and parental income level. Therefore, it appears that the two groups are very similar
based on observable characteristics and that there was no systematic sorting between the two classes.

Comparing the self-reported student demographic data, it appears that students in the flipped class were more likely to
have broadband internet at their residence. There were no significant differences among participation in work, athletics, or
clubs between the two classes.

Finally, with respect to the time on task (TOT) survey, students in the flipped class filled the survey out roughly one extra
week compared to those in the traditional class. Survey results were converted from hours and minutes spent on various
activities to total minutes (h � 60 plus min) for ease of comparison. While there was no difference in the aggregate average
weekly minutes spent on economics, those in the flipped class report reading roughly 30 min less per week than those in the
traditional class. They also report spending roughly 53 min extra per week on “other activities”, which we interpret as
watching the lecture videos outside of class. Generally, students in the flipped class report reading significantly less and
spending more time on “other activities” than those in the traditional class throughout the semester. They decreased their
reading and report reading 40 min less and spent an extra 55 min on “other activities” between exams 1 and 2 than those in
the traditional class. Given the structures of the classes, we believe the differences in allocation of time outside of class are to
be expected. Overall, there is no significant difference in time spent studying economics between the two classes.

Therefore, it appears that students in the two classes were quite similar with respect to academic ability and demographic
characteristics as reported by the college. There does not appear to be systematic sorting between the two classes.

4.1. Empirical results

The main OLS results are presented in Table 2. Model I reports the results of flipping on each exam, controlling for student
ability measures. Model II controls for other student demographics, and Model III incorporates family income and parental
education controls. None of the variables in these models are from student surveys and therefore do not suffer from recall
bias or selection issues.

Controls in all specifications mostly exhibit the expected signs, though the majority of controls are not significant. Each
additional absence decreased scores on the second midterm and final exams, though the magnitude of the effect was not
enough to offset the flipping effect14. Students with AP credit generally score higher on economics exams, though this effect
is not consistently significant. In the model with the full set of controls, Model III, it is significant for the final exam only.
Students who scored higher on the Math portion of the SAT also have higher scores, with a 100 point increase in the Math SAT
increasing test scores by roughly 0.56–0.69 standard deviations (Model III). This conforms to a prioriexpectations as
economics is highly math-based. Interestingly, there is no consistent significant effect of being a Freshman on exam scores,
though Freshman becomes significant for the first exam and final exam in the second model which controls only for student
demographic characteristics, not including household characteristics. Females generally scored higher than males, though
this effect was significant only at the 10% level for the first exam. Family and household controls are generally insignificant.

In all specifications, flipping does not have an effect on the first midterm exam, though it does have positive and
significant effects on the second and final exams15. This suggests a negative adjustment period as the majority of students
had never been in a flipped class environment. Often, when students face new teaching platforms, they must adjust how they
study. Strayer (2012) reported that students in an inverted classroom had to learn to adjust their learning tactics in order to
learn the class material. Similarly, Xu and Jaggars (2014) found some students have difficulty adjusting to online learning.
Therefore, in this flipped setting, the adjustment period could be because students were unsure of how to study and prepare
for this class structure. Alternatively, it could be that students did not take flipping seriously, in that they did not watch the
videos, did not pay attention to the videos even if they were watching them, or did not take good notes on the videos16. After
the first exam, students may have realized that they do have to do the work on time and carefully watch and take notes on the
videos.

In Model I, controlling only for academic ability, flipping is associated with a 0.50 standard deviation increase on the
second midterm and a 0.53 standard deviation increase on the final exam. The magnitude of the estimates are similar across
Model II. When controlling for household characteristics, in Model III, the results indicate that those in the flipped class
scored 0.57 standard deviations higher on Exam 2 and 0.64 standard deviations higher on the final exam. This effect is

13 According to the student self-reported survey, students in the flipped class were more likely to have fathers whose highest level of education attained
was a high school diploma versus in the traditional class, and they were less likely to have fathers with a two-year college degree compared to those in the
traditional class. These differences were not significant based on the information from the college’s records, which we believe are the more reliable source.
Therefore, we use the college’s measures of parental educational attainment in regression analysis.
14 We hypothesized that missing class might have different effects for the two different class structures, as students who missed lecture in the traditional
class had to copy notes from a friend, whereas students in the flipped class could watch the lectures at any time. Therefore, we estimated the model with an
interaction between flipping and absences, but this interaction was insignificant. Results are available upon request.
15 This may seem to contradict the summary statistics from Table 1 which indicated that there was no significant difference in final exam scores between
the flipped and traditional classes; however, the differences in Table 1 were tested by using a simple difference in means t-test, which does not have the
power to explain the variation in test scores as does multiple regression. In a t-test, one cannot control for other factors that also affect test scores.
Furthermore, the t-test does not assign causality, whereas multiple regression allows for us to determine the effect of flipping on test scores explicitly.
16 Anecdotally, glancing at students’ notes throughout the semester indicated that their note-taking comprehensiveness generally improved as the

semester progressed.
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economically significant as it indicates an increase of two-thirds to an entire letter grade on an exam. The results are
consistent and robust in a more parsimonious specification that we present in the next section.

The flipping effect could be due to re-watching videos as the semester progresses or because the active learning activities
in class helped students to remember concepts more easily. (Thirty-one percent of students responding to the opinion survey
reported having reviewed the video material prior to exams). Furthermore, students in the flipped class were able to work on
problems together, and for each activity, they solved additional problems and questions that the traditional class did not.
Therefore, overall, they had more experience solving problems than the traditional class. We hypothesize that the flipping
effect might increase as the semester progresses because students begin actually watching the videos, and as the final exam
approaches, they have the ability to re-watch lectures from the videos.

4.2. Sensitivity analyses and robustness checks

Student surveys provided additional controls for the analysis. Not all students answered the surveys, as the surveys were
voluntary, suggesting these data may suffer from self-selection. Given that students were incentivized to participate in
surveys with extra credit, selection bias could be from either those who needed the extra credit to improve their grades or
from those who always do the most they can to ensure the highest grade possible. Therefore, the students who fill out the
surveys are likely different from those who do not fill out the surveys. As such, these results are included as sensitivity
analyses and robustness checks only.

Table 3 incorporates the student survey responses to demographic questions (Fig. 2). For ease of comparison, this table
repeats Model III, the full specification of controls from Table 2, prior to incorporating the survey information in Model IV.
Comparing the two models, the results do change a little. For example, absences are only significant for the final exam.
Having taken AP courses in high school is no longer significant, and Math SAT scores are only significant for the second
midterm. Students who are employed scored significantly lower on the final exam; however, the more they worked, the
better they did on both the second and final exams. This may be because more motivated students are also more likely to
work more hours, or because students might have to work a lot to help pay for their education, increasing their incentive to

Table 3
OLS analysis of flipping on standardized test scores, student survey data.

Model III Model IV

Exam 1 Exam 2 Final Exam 1 Exam 2 Final

Flipped 0.2896 0.5666*** 0.6410*** 0.5479** 0.8309*** 0.8328***

(0.215) (0.188) (0.229) (0.262) (0.192) (0.277)
Absences �0.0548 �0.1807** �0.1527*** -0.0704 �0.0962 �0.1787**

(0.065) (0.079) (0.049) (0.095) (0.066) (0.072)
AP Econ (=1) �0.2898 0.0163 �0.2818 �0.3734 �0.0260 �0.0943

(0.296) (0.263) (0.311) (0.330) (0.251) (0.280)
AP or college credit (=1) 0.3959 0.2874 0.5516** 0.2792 0.3189 0.4136

(0.237) (0.213) (0.224) (0.283) (0.217) (0.262)
Math SAT 0.0067*** 0.0069*** 0.0056** 0.0042 0.0038* 0.0033

(0.002) (0.002) (0.002) (0.003) (0.002) (0.003)
Crit read SAT 0.0020 0.0014 0.0005 0.0023 0.0023 0.0007

(0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
Freshman (=1) 0.8292 0.1817 0.7603 0.3049 0.8654 0.5075

(0.535) (0.597) (0.506) (1.053) (0.807) (0.837)
Commuter (=1) 0.3934 0.3577 0.0323 �0.0635 �0.2415 �0.4457

(0.274) (0.284) (0.255) (0.416) (0.486) (0.381)
Works during school year (=1) �1.2123 �0.9904* �1.8582**

(0.926) (0.587) (0.727)
Work hours 0.2571* 0.1869* 0.2940**

(0.149) (0.110) (0.141)
Work hours squared �0.0084 �0.0040 �0.0082

(0.006) (0.005) (0.006)
Plays college sport (=1) 0.3059 0.2745 0.1803

(0.342) (0.247) (0.302)
Belongs to club (=1) 0.1274 0.2638 0.3211

(0.353) (0.219) (0.367)
Student demographic & household controls Yes Yes Yes Yes Yes Yes
Constant �9.0823* �4.9695 �7.7450* �5.4915 �-5.2345 �4.8842

(4.836) (4.510) (4.300) (6.755) (5.058) (4.138)
Observations 66 66 66 59 59 59
Adjusted R-squared 0.222 0.384 0.320 0.176 0.404 0.384

Robust standard errors in parentheses.
* p < 0.1.
** p < 0.05.
*** p < 0.01.
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do well. Interestingly, there were no significant effects of playing a college sport or belonging to a club. The effect of flipping is
even more pronounced in this specification and is significant for all exams. Being in the flipped class is associated with gains
in student test scores of roughly 0.55 standard deviations on exam 1 and increases of 0.83 standard deviations on both exam
2 and the final exam. Once again, these effects are not only statistically significant, but also economically significant as well.
The standard deviations for the second midterm and final exam were roughly 14 points. The effect of flipping therefore is
equivalent to increasing a students’ score by a letter grade or more on an exam.

Since the sample size is relatively small, and since we have a relatively large number of controls, we have few degrees of
freedom. As such, we re-estimate more parsimonious specifications of Eq. (3.1). The results are presented in Table 4.

In all specifications, the results are similar to those presented in Tables 2 and 3, with the full specifications. Models P1 and
P2 incorporate official data only, while Model P3 includes student survey responses. The specification in Model P1 is the most
parsimonious, while Model P2 adds controls for parental education. Model P1 indicates that flipping is associated with an
increase in student exam scores of 0.56 and 0.54 standard deviations on the second midterm and final exam, respectively.
Model P2 suggests that flipping increases student test scores by 0.60 and 0.63 standard deviations on the second midterm
and final exam, respectively. Flipping is not associated with any gains on the first exam in either specification.

Including information regarding a student’s employment during the school year, the results in the Model P3 column
include student survey responses, hence the smaller sample size. Again, the results are similar in magnitude to those
presented in Table 3. Students in the flipped class score roughly 0.47, 0.83, and 0.85 standard deviations higher on the first
and second midterm and final exam, respectively. Therefore, both the full specification and the more parsimonious version
indicate that flipping does significantly affect student outcomes. Furthermore, the effect is economically significant with the
results suggesting increases in student test scores of two-thirds to over an entire letter grade, though the underlying
mechanism remains unknown. Identifying the mechanism through which flipping affects student outcomes could help
improve student learning even more.

One potential mechanism might be time. Since students in the traditional class are assumed to read for homework, yet
discussions with students reveal many of them may fail to do so, it may be that the structure of the flipped course, having to
watch the videos for the following class, forces students to engage with the material more. Students who are in the flipped
class may end up spending more time working on economics than students in the traditional class. Therefore, students filled
out time on task surveys (Fig. 1) to determine if time was the mechanism behind the flipped effect.

Table 4
OLS analysis of flipping on standardized test scores, parsimonious specifications.

Model P1 Model P2 Model P3

Exam 1 Exam 2 Final Exam 1 Exam 2 Final Exam 1 Exam 2 Final

Flipped 0.293 0.558*** 0.537** 0.265 0.599*** 0.630*** 0.467* 0.834*** 0.847***

(0.217) (0.187) (0.204) (0.226) (0.193) (0.207) (0.262) (0.202) (0.233)
Absences �0.032 �0.175*** �0.146** �0.042 �0.172*** �0.131* �0.059 �0.099 �0.171**

(0.072) (0.062) (0.068) (0.074) (0.063) (0.067) (0.092) (0.071) (0.082)
AP or college credit (=1) 0.257 0.311 0.457** 0.251 0.308 0.457** 0.176 0.373** 0.399*

(0.220) (0.189) (0.207) (0.221) (0.189) (0.203) (0.240) (0.185) (0.214)
Math SAT 0.007*** 0.007*** 0.006*** 0.006*** 0.007*** 0.006*** 0.006** 0.004** 0.004*

(0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
Freshman (=1) 0.313 0.084 0.518 0.381 0.071 0.438 0.888 1.098* 1.261*

(0.531) (0.458) (0.500) (0.542) (0.462) (0.496) (0.713) (0.551) (0.636)
Commuter (=1) 0.499 0.404 0.231 0.499 0.353 0.147 0.035 �0.287 �0.405

(0.334) (0.288) (0.314) (0.340) (0.290) (0.311) (0.480) (0.370) (0.428)
Female (=1) 0.542** 0.173 0.126 0.554** 0.180 0.127 0.464* 0.046 �0.021

(0.246) (0.212) (0.232) (0.248) (0.212) (0.227) (0.262) (0.202) (0.233)
Family income: high (=1) �0.056 �0.330* 0.092 �0.131 �0.527** �0.171 �0.153 �0.413* �0.139

(0.212) (0.183) (0.200) (0.261) (0.222) (0.238) (0.277) (0.214) (0.247)
Mother’s highest ed.: college (=1) 0.245 0.006 0.198 0.196 0.070 -0.249

(0.273) (0.233) (0.250) (0.287) (0.221) (0.256)
Father’s highest ed.: college (=1) 0.007 0.356 0.584** 0.252 0.476* 0.791**

(0.307) (0.262) (0.281) (0.346) (0.267) (0.309)
Works during school year (=1) �0.224 �0.405 �0.907**

(0.489) (0.378) (0.436)
Work hours 0.051 0.083** 0.096**

(0.046) (0.036) (0.041)
Constant �4.510*** �4.233*** �4.228*** �4.343*** �4.086*** �4.125*** �4.602*** �4.049*** �3.800***

(1.151) (0.993) (1.084) (1.172) (1.000) (1.073) (1.320) (1.019) (1.177)
Observations 66 66 66 66 66 66 60 60 60
Adjusted R-squared 0.226 0.417 0.331 0.213 0.421 0.358 0.208 0.427 0.381

Robust standard errors in parentheses
* p < 0.1.
** p < 0.05.
*** p < 0.01.
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The time on task variables are defined as weekly averages on activities up to that exam for the two midterms (up to exam
1 for the first midterm and between exams 1 and 2 for the second midterm). Since the final exam is cumulative, time on task
is the average for the entire semester for this exam. The three variables of interest include the average weekly minutes “all”,
average weekly minutes reading, and average weekly minutes “other”. The average weekly minutes “all” variable represents
the average number of minutes per week the student spent on all economics activities as reported in the weekly survey. It is
the weekly sum of all time on all activities reported on the weekly surveys divided by the number of weeks before that exam.
Therefore, it represents the average weekly minutes spent on all activities up to exam 1 for the midterm 1 estimate and the
average weekly minutes spent on all activities between exams 1 and 2 for the second midterm estimate. The average weekly
minutes reading variable captures time spent reading the text. The average weekly minutes “other” variable captures time
spent on activities not outlined specifically on the survey. Primarily, this variable captures the time students spent watching
the lecture videos in the flipped class. Students were asked to comment on what activities they considered “other” activities.
The majority of answers consisted of the video viewing, whereas other students, especially those in the traditional class,
listed studying in groups17.

Since responding to the survey was voluntary, some students only responded for one or two weeks, while other students
responded for every week for which there was a survey (13 weeks total). Therefore, for the time on task estimations, we
estimate the OLS regressions for all students responding, regardless of the number of surveys they filled out, and only for
those responding to at least 10 weeks’ worth of surveys (80% of all students responded for at least 10 weeks). We do this
because while theoretically an average is an average so the number of overall weeks should not matter, time spent on
activities may vary throughout the semester and by exam, so we limit the sample to those who responded to most surveys.

Table 5 presents the OLS results including controls for time on task. The columns for Model ToT1 and ToT3 include the
average weekly minutes “all.” Since the primary difference in time allocation between the two classes was due to reading and
“other”, the columns for Model ToT2 and ToT4 include average weekly minutes reading and average weekly minutes “other”.
Models ToT1 and ToT2 are the averages for all students responding to the surveys, whereas Models ToT3 and ToT4 represent
the averages only for students responding to at least 10 weeks’ worth of surveys. In Models ToT1 and ToT3, time on task does
not affect student outcomes. In Models ToT2 and ToT4, time spent on “other” does not affect student test scores. In Model
ToT2, time spent reading is associated with a decrease in the test scores for exam 1, but it is not significant for the second
midterm or final exam. In Model ToT4, time spent reading is significantly associated with decreases in test scores for all three
exams. We hypothesize that students who spend extra time reading the text may have more difficulty understanding the
material generally. In all specifications in Table 5, controls behave as expected and similarly to previous estimations For the
Model ToT1 column, controlling for all time spent on economics, flipping has a significant effect for all three exams.

Table 5
OLS analysis of flipping on standardized test scores, student survey data & time on task.

Model ToT1 Model ToT2 Model ToT3 Model ToT4

Exam 1 Exam 2 Final Exam 1 Exam 2 Final Exam 1 Exam 2 Final Exam 1 Exam 2 Final

Flipped 0.675** 0.799*** 0.866*** 0.399 0.592** 0.972** 0.576* 0.732*** 0.766** 0.085 0.352 0.631*

(0.274) (0.213) (0.280) (0.359) (0.243) (0.377) (0.302) (0.234) (0.290) (0.387) (0.221) (0.355)
Absences �0.063 �0.087 �0.179** �0.037 �0.083 �0.166** �0.072 �0.107 �0.204** �0.011 �0.088 �0.177**

(0.088) (0.070) (0.074) (0.099) (0.070) (0.074) (0.109) (0.080) (0.080) (0.129) (0.075) (0.085)
TOT: average weekly min all �0.002 �0.000 �0.001 �0.002 �0.001 �0.001

(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
TOT: average weekly min
Reading

�0.007** �0.004 �0.003 �0.010** �0.007*** �0.005*

(0.003) (0.003) (0.002) (0.004) (0.002) (0.003)
TOT: average weekly min
other

0.000 0.001 �0.003 0.004 0.002 �0.001
(0.003) (0.002) (0.003) (0.003) (0.002) (0.003)

Student academic controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Student demographic &
household controls

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Student extracurricular
activities survey controls

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Constant �4.363 �6.446 �4.480 �4.680 �5.290 �4.094 0.477 -1.961 -1.981 1.194 -0.170 -1.320
(5.700) (6.080) (4.328) (5.610) (5.730) (4.174) (6.574) (5.569) (5.263) (6.159) (4.905) (5.485)

Observations 59 57 59 59 57 59 50 50 50 50 50 50
Adjusted R-squared 0.213 0.371 0.373 0.222 0.384 0.380 0.181 0.463 0.420 0.220 0.519 0.420

Robust standard errors in parentheses.
* p < 0.1.
** p < 0.05.
*** p < 0.01.

17 Additionally, some students considered watching the lecture videos as studying and taking notes. Therefore, these students’ time spent watching the
videos is actually incorporated in a different category based on the way they filled out the survey data. For this reason, we believe the aggregate time spent

on economics is more informative as it allowed for the most flexible interpretation of the questions and captures all time spent on economics.
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Controlling for time spent reading and on other tasks, from the Model ToT2 column, the point estimates for flipping decrease
for the first two midterms, becoming insignificant for the first exam. The estimate increases for the final exam, suggesting an
increase of roughly 0.97 standard deviations, quite a large effect. Again, given that these results include averages for students
who did not fill out time on task estimates consistently, or perhaps even only for a few weeks, the reliability of these
estimates is questionable. Looking at Models ToT3 and ToT4, limiting the sample decreases the magnitude of the effect.
Including time on task controls for all time spent on economics only (Model ToT3), flipping has a significant effect on all three
exams, though the significance has decreased for the first midterm and the final exam.

Controlling instead for time spent reading and on other activities, flipping is not significant for the first or second exam,
though it becomes significant for the final exam at the 10% level. The magnitude of the point estimate for the final exam
appears more in line with previous point estimates.

In sum, it appears that flipping the classroom positively affects student test scores. Controlling for time on task in the
most conservative models, including only those students who responded to at least 10 weeks’ worth of surveys, it appears
that time on task may be part of the mechanism driving the effect, though this remains unclear and warrants further
investigation as selection may bias the results.

4.3. Student perceptions

In addition to assessing the quantitative benefits of flipping, this paper also seeks to assess the qualitative benefits that
may accrue to students. As such, we administered (another) survey to students asking questions regarding their perceptions
of the flipped class (Fig. 3).

Seventy-six percent of students enrolled in the flipped class responded to the survey. Of these, forty-five respondents
were female. The majority of respondents were freshmen (66%), while 28% were sophomores, and 7% were juniors. The
results of the survey are presented in Table 6. While nearly half (48%) reported that they thought they spent the same amount
of time working in the flipped versus traditional class, 45% reported that they thought they spent more time working in the
flipped format.

The survey was also used to understand how students perceived the course and to determine what might need to change
in future flipped courses. Of the survey respondents, 76% either agreed or strongly agreed that the lecture videos were helpful
in understanding course content, and 79% agreed or strongly agreed that they found it helpful to be able to watch the videos
at a time that was convenient to them. Sixty-nine percent agreed or strongly agreed that they found it helpful to re-watch
portions of the recorded video multiple times until they understood. Given the importance of the videos, in that this was the
main method through which students were first exposed to the material, these positive responses indicate the videos were
useful and utilized in helping understand course concepts.

Part of the theory behind the flipped classroom suggests that students may learn from one another as they work together
on problems or projects. Roughly 48% of students report agreeing or strongly agreeing that they did benefit from interacting
with peers during class activities (compared to nearly 21% who disagreed or strongly disagreed). Meanwhile, roughly 38% of
students agreed or strongly agreed that they learned new ways to solve problems by working with their peers in class,
compared to 36% who disagreed or strongly disagreed. Therefore, while a majority did find the videos useful, fewer students
saw the benefit of the in class activities. This could be because they are unaware of the benefits, or perhaps they did not enjoy
working in groups and with peers, or the activities may not have been the best fit for some concepts.

Even though students report working harder and longer in the flipped class format, nearly 52% of students agreed or
strongly agreed that they would sign up for this class format in the future, compared to 34.5% who disagreed or strongly
disagreed. Finally, nearly 52% agreed or strongly agreed that they preferred this class format compared to a traditional lecture
class, compared to 31% who disagreed or strongly disagreed. These results are similar to those of Lage et al. (2000), who
flipped an economics class and report that students tended to enjoy the flipped structure and the peer group work part of

Table 6
Student perceptions of flipped class format: percent of students responding.

Question Strongly
agree

Agree Neither agree nor
disagree

Disagree Strongly
disagree

I found the video lectures helpful in understanding course content. 27.6% 48.3% 13.8% 3.4% 6.9%
It was helpful to be able to watch the video lectures at a time that was convenient for
me outside class.

41.4% 37.9% 13.8% 6.9% 0.0%

I found it helpful to rewatch portions of the recorded video lectures multiple times
until I understood the material.

31.0% 37.9% 27.6% 3.4% 0.0%

I benefited from the classroom activities that allowed me to interact with my peers to
solve problems.

20.7% 27.6% 31.0% 13.8% 6.9%

I learned new ways to solve problems by seeing how my classmates solved problems
during class activities.

17.2% 20.7% 27.6% 20.7% 13.8%

I found it easier to take notes in this class than in a traditional class. 20.7% 24.1% 24.1% 27.6% 3.4%
I prefer this class format compared to a traditional lecture class. 31.0% 20.7% 17.2% 17.2% 13.8%
I would sign up for another class taught in this format in the future. 31.0% 20.7% 13.8% 24.1% 10.3%
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class, did not think the course was easier, and reported working harder in it than in their other classes, and Roach (2014) who
found that students responded favorably to the flipped learning environment in a partially flipped economics course.

Student open-ended comments were generally positive. Numerous students liked that they could learn at their own pace
and that they could re-watch the videos if something was unclear or confusing to them.

Therefore, it appears that a majority of students enjoyed the class format and would sign up for a similar class in the
future. Students commented that the videos were lengthy, and they would like shorter videos that were more to the point.
Students learned about themselves as learners in the flipped class. Some reported that they learned that they can take
efficient notes, some learned that they can be responsible learners, and some learned that they work better and are more
involved in class compared to in a traditional lecture class.

5. Discussion

This paper reports positive and significant effects of flipping on student learning outcomes and documents positive
responses on behalf of the students. As instructors, we enjoyed flipping our classrooms (both for this experiment and in other
semesters). The upfront costs were high, but day-to-day work was not outrageous. Being more engaged with the students
enabled us to get to know the students better. We were able to target discussions to students’ needs and interests.

In all, the flip examined in this paper was not “perfect”. There were a number of activities that took longer than
anticipated, that did not “properly” illustrate the economic concept that was intended, or that were “boring”. The classroom
structure also was not ideal for rearranging the space to be amenable to activities, perhaps impacting students’ abilities to
work in groups or move freely throughout the classroom. Therefore, we believe that the estimates in this paper could be
considered a lower bound on the effectiveness of flipping, given that the flip was successful given the inherent trial and error
of restructuring and redesigning a course.

Furthermore, videos were lengthy. Given that the optimal length of a video is less than 6 min (Guo, 2013), including
shorter videos would be beneficial. The most common student complaint in the flipped structure was that the videos were
too long. Encouraging more reading and not feeling the need to explain everything would also enable the instructor to
shorten the videos. Additionally, given that students in the flipped course reported reading significantly less than those in the
traditional course, and given concerns that current and incoming students struggle with reading, encouraging and
incorporating more reading may help to alleviate this concern.

We document a positive effect of flipping on test scores in a small, private college setting. Therefore, these results indicate
that flipping is effective in smaller classes, which is useful to many colleges. Given the size of the college, the demographic
make-up of the students, and the size of the classes, our sample is small and not very diverse. Therefore, the generalizability
of these results to a large, public university setting is questionable, and future research could extend the current analysis to
such a setting.

The results incorporating student survey data should be interpreted with caution. Careful analysis of the survey data, in
particular with respect to the time on task data, indicates that students may not have filled out the surveys correctly. For
example, students reported time spent bowling or may have included time spent in class on activities. Furthermore, the
college-reported parental education levels differ from student-reported education levels. While some parents may have
attained higher levels of education since their child applied to the college, it is unclear why the results differ. Therefore, the
reliability of the student responses is questionable, though pure measurement error results in attenuation bias, suggesting
again that our results may be considered a lower bound.

Finally, this study analyzes the effect of flipping as a whole unit. The underlying mechanism driving the effect remains
unknown. We are unable to identify if the ability to watch and re-watch lecture videos is the mechanism, if the active
learning activities in class are driving the results, if more time is spent working on economics in the flipped format or if
specific time spent on a particular activity is the mechanism, or if it is a combination of all of these aspects. We assume it is all
of these aspects in combination that drive the effect.

6. Conclusion

Flipping the classroom is currently a hot topic in academic circles. Many instructors are feeling pressure from their
institutions to implement “innovative” teaching techniques, one such idea being that of flipping. While there are many
anecdotes about how instructors have found flipping improved outcomes or classroom culture, there is little empirical
evidence from treatment-control experiments.

This study implemented a treatment-control experimental design to assess the quantitative effects of flipping a course.
Students in the study were unaware of the course structure in the section in which they enrolled when they enrolled in the
course. Courses were taught back to back, and there were no major significant demographic or content differences between
the two courses. Students in both classes received the same lecture notes, except the flipped students experienced the
content via videos outside of class while the traditional class received the content live. Both groups also received some of the
same worksheets, the same online homework, and the same exams. Students in the flipped class engaged in active learning
activities, including online homework and other activities, individually, in pairs, or in groups, during class and watched
lecture videos outside of class. Students in the traditional class experienced traditional lecture during class, and completed
online homework outside of class. Flipping the class was associated with increases in standardized test scores of roughly
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0.57–0.64 standard deviations compared to students in the traditionally taught class. The magnitude of these effects
suggests improvements in the students’ scores of a lower bound of two-thirds to one whole letter grade.

Although flipping was associated with significant gains in student performance on exams, some instructors may be
concerned with how much students enjoy this style of teaching. While some students reported truly enjoying the class
structure, others claim that they did not it and prefer a traditional class. If these same students are the ones who did not
benefit from the flipped environment, colleges in the future could identify flipped courses in descriptions, course titles, or
course numbers, allowing students to self-select into the most appropriate class format for them, improving overall student
outcomes across the board. Furthermore, a successful flip requires student participation, and students who actively choose
to enroll in such a course could exert positive externalities on other students in the course, increasing the effect of flipping
overall.
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