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Abstract

At Binghamton, Calculus 1 is taught to over 1,000 students each fall in sections of

about 30-40 students, with graduate student instructors teaching most sections. Though

fortunate to be in small classrooms rather than lecture halls, the satisfaction and perfor-

mance of students in this course has often been poor. We had hoped to improve student

success by changing how we teach and not by lowering our standards. In the fall of 2013

the Binghamton University Department of Mathematical Sciences undertook an experi-

ment in flipped teaching with Calculus 1 in which we compared a flipped model to our

traditional lecture model. Overall, our quantitative analysis found moderate benefits to

flipping over traditional methods for all groups studied. Informally, while student opin-

ion varied, instructors largely were quite positive, finding that their students were more

engaged and that instructors were able to give students more individualized attention.

In the fall of 2013 the Binghamton University Department of Mathematical Sciences

undertook an experiment in “flipped teaching” in Calculus 1. We wanted to compare flipped

teaching and our traditional methods in several respects:
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1. Which method leads to better student performance in terms of computational ability?

In terms of more in-depth problem-solving ability? In terms of conceptual understand-

ing? In terms of performance in Calculus 2?

2. Were the answers to the above questions different for students coming in with weaker

math skills than the norm? Were they different for people seeing Calculus for the first

time than for those with a high-school calculus course behind them?

Overall, our quantitative analysis found moderate benefits to flipping over traditional

methods for all groups studied. Informally, while student opinion varied, instructors largely

were quite positive, finding that their students were more engaged and that instructors were

able to give students more individualized attention.

This project was supported by a SUNY Innovative Instructional Technology Grant.

1 BACKGROUND

1.1 Course Setup

For many years Calculus 1 at Binghamton has taught in sections of about 30-40 students, with

graduate student instructors teaching most sections. A single faculty member sets the syllabus

and schedule and makes common exams. While individual instructors have occasionally made

small experiments in their teaching methods, this has always been a traditional lecture course.

Calculus is where many of our instructors have their first experience teaching their own class.

The faculty makes an effort to mentor new instructors, and while members of the department

often discuss good traditional teaching, there has been little to no emphasis on innovation in

teaching methods.

1.2 Previous Success With Technology

In the fall of 2012 we moved a portion of our testing online. Basic computational questions

were moved from paper tests to proctored, computer-based “Skills Tests”. Students had

multiple tries to pass each Skills Test (with a new randomized test on each attempt), and

students were required to pass all Skills Tests in order to pass the class. Paper tests were

then reserved for more sophisticated or conceptual problems.

While no thorough analysis was made of this change’s impact, two outcomes were obvious:

1. Student reaction has ranged from neutral to vehemently negative. The inflexible bar

of having to pass these exams and the lack of partial credit greatly concerned some

students.
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2. Students’ performance and grades improved markedly. While we endeavored to main-

tain the same grade standards from past semesters, in the first semester of the Skills

Tests the percentage of students getting grades of D, F, or Withdraw dropped from

24% to 19%, and the percentage of students getting A’s rose from 22% to 28%.

This success whetted our appetite for further experimentation, and it gave us a certain

nerve about innovating in the face of initial student resistance.

1.3 Motivations For Experimenting With Flipping

Some of our motivations for embarking on this experiment:

1. Two of the great challenges in Calculus 1 are maintaining student engagement and

addressing the needs of students with diverse mathematical backgrounds. Our sense

was that flipping would address both of these issues.

2. James Pittaresi, a Mechanical Engineering professor (now director of Binghamton’s

Center for Learning and Teaching) has had great success with flipped teaching in his

sophomore mechanical engineering course. He advocated for the experiment and offered

his guidance.

3. Enrollment at Binghamton University has been growing, and in recent fall semesters the

number of sections had climbed into the 30’s. Providing meaningful mentoring to new

instructors has become more difficult, as has maintaining uniformity across sections.

We hoped that moving some of the content delivery to videos would address uniformity

issues, and creating a class format focused on interaction would show instructors how

to engage with students.

A pressing question for us was one of scale. Other experiments we were aware of in

flipped teaching at the college level were either by individual instructors or by small groups of

experienced professors. Our eventual aim was a framework for flipped teaching that could be

taught to and carried out by our many relatively inexperienced graduate student instructors.

2 EXPERIMENTAL SETUP

Our essential plan was to divide a relatively homogeneous group of students randomly into

two groups, one of which would would be taught in a flipped format, while the other was

taught in a traditional format. The textbook, course schedule, etc., was the same. We would

then compare the outcomes for the two groups by several metrics:
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1. the computer-based Skills Tests on basic computational skills,

2. two paper-based midterms on more sophisticated problem-solving or more conceptual

problems,

3. a common final exam with both types of problems,

4. a common final exam in Calculus 2 in the following semester, for those who continue

on, and

5. the Calculus Concept Inventory (described below).

The Calculus Concept Inventory [1] is a test of conceptual understanding of basic prin-

ciples of calculus. It is widely used in experiments similar to ours. It is a multiple-choice

test involving no computation. We administered the test at the beginning and the end of the

semester, and for each section we calculated the normalized gain, defined to be

〈g〉 =
µf − µ0
100− µ0

where µ0 is the mean percentage score of the class at the beginning of the semester and µf

is the mean percentage score of the class at the end of the semester.

Eleven sections of Calculus 1 are reserved for Engineering students. These are all first-

term freshmen carrying similar academic loads, and students are assigned to sections by a

staff member in Engineering – they do not choose their own sections. Thus they formed a

good cohort for our plan. These 11 sections meet three times per week at 8am for 90 minutes.

This group of students, however, varied greatly in their mathematical preparation. In-

dependently of this experiment, we had previously observed instructors struggling with the

wide range of student abilities, and we wanted to separate out students with weak precalculus

skills into separate sections tailored to their needs. Thus we created four flavors of section:

1. one section of weak students (as measured by our precalculus Screening Test) taught

in a traditional format

2. two sections of weak students taught in a flipped format

3. five sections of typical students taught in traditional, and

4. three sections of typical students taught in a flipped format.

Engineering students were assigned to a flipped or traditional section randomly and, initially,

without their knowledge. (They were told in advance whether they were assigned to a weak

section or typical section.)
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A confounder for our data is a small number of non-Engineering students who were allowed

to enroll in these sections in the last-minute rush of registration. Also in the last-minute rush,

some new sections were created, staffed by instructors who hadn’t received training in flipped

teaching. Thus we ended up with more traditional sections than flipped sections.

Students were given a questionnaire at the beginning of the course and had the option to

identify their calculus experience. Not all students completed the questionnaire. Most had

taken a previous calculus course: 104 out of 122 students in flipped sections and 136 out of

190 in non-flipped sections.

In the preceding spring, we sent a mass email to all of our funded graduate students

soliciting volunteer flipped teaching instructors. We had about twice as many volunteers as

we had spots for, and we endeavored to select a diverse group, including both inexperienced

and highly experienced instructors, men and women, quiet and outgoing, and native and

non-native English speakers. We then tried to match these with comparable instructors for

non-flipped sections.

3 DEVELOPMENT AND EXECUTION

As our colleague, Dr. Pittaresi, was a large motivating factor in our experiment, we modeled

our format on his Statics and Dynamics course. We would consider our “flipping” to be light,

with a typical flipped class meeting consisting of

1. one or two short (< 10 minutes) videos to be watched in advance,

2. a short online homework to be done in advance, testing only understanding of the basic

material in the video,

3. the actual class meeting, in which instructors interspersed short spells of lecture and

class discussion with group work on a series of problems.

Our first step was to go through the textbook section-by-section and to decide which lent

themselves to this format. We decided that most sections of the Calculus 1 curriculum lent

themselves to “flipping”; a 5-10 minutes video could convey the basic concepts, and then the

details could be developed in class through examples worked by the students. We decided to

not “flip” our introduction to continuity/differentiability, integration with Riemann Sums,

and cross-sectional volume.

Our second step was to develop the video and the in-class work for each class. Much of

this was done in the summer, and it was time-consuming! After browsing the internet, we
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decided to develop our own videos and tailor them to our student population. The videos

were made using Camtasia on a Microsoft Surface tablet computer – the lecturer’s speech was

recorded together with the content of a screen, on which the lecturer wrote. The lecturer did

not make an appearance in any video. The two of us had intended to both record lectures, but

here we hit our first major obstacle – one of us (Author 1) found the technology maddeningly

unwieldy, and she regretfully ceded the task to Author 2. Author 2, on the other hand, much

enjoyed the process and became skilled at creating polished screen-casts. We recommend

to anyone considering recording lectures to experiment personally with the hardware and

software possibilities before committing to anything. On average, a 10 minute video took

four hours to develop a script, generate graphics, shoot, and edit.

After watching the video(s) for a given class, students were required to complete a short

online followup, consisting of one or two questions. These were problems from the textbook

(given via the publisher’s online homework system) and were easy if one had viewed and

absorbed the video material.

The in-class work consisted of short lectures separated by problem solving sessions. The

majority of the problems were the problems that non-flipped sections were assigned as home-

work. Other activities drew heavily from Good Questions at Cornell and betterfilingcabi-

net.com.

Instructors for flipped sections occasionally assigned a few additional homework problems

– usually problems that they hadn’t had time to cover in class. However, most often the only

assigned homework was the videos and video followup questions. The homework problems

that were required for traditional sections (that were computer-graded by a commercial online

system) were available to non-flipped students but did not count towards their grade.

4 INFORMAL OBSERVATIONS FROM INSTRUCTORS

All but one of the flipped section instructors were extremely enthusiastic about what they

saw in class. Student engagement ran high throughout the 90-minute classes, students of

many different ability levels were demonstrating gratifying insight in class discussion, and

instructors felt they were able to address the needs of individual students well. Additionally,

daily attendance was consistently high and, thanks to the interactive classroom and caffeine,

it was exceedingly rare for a student to doze off; recall that all sections were scheduled for

8:00 am.

Being newbies to this, we were unable to give instructors experienced-based training

before sending them into the classroom. One flipped section instructor, who had previously
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been successful in traditional lecture courses, found himself to be very uncomfortable with

the format, and despite his best efforts his students did worse than other sections. We believe

careful and extensive instructor training is necessary to scale the flipped format up to classes

with many instructors.

Initially, many of the students in both sections were not thrilled with the idea of “flipping”

a classroom. In fact, the faculty coordinator fielded complaints from irate parents upset and

confused with our pedagogy, believing the course to be fully online.

Many students in the flipped sections reserved for weaker students were initially very resis-

tant to the teaching style. Many of these students lacked the confidence or the mathematical

foundation necessary to become self-sufficient problem solvers. They responded much better

when the in-class problems were rearranged to give more basic computational problems at

the beginning of the class. Indeed, throughout the semester instructors for these sections had

to skip the more subtle and conceptual classwork to spend more time on more concrete prob-

lems. Another great success with this cohort was to get them working in carefully selected

groups, placing the weakest students with the most extrovert (regardless of ability) students.

On the other hand, students in the flipped sections reserved for strong sections quickly

embraced the teaching style. As they typically had confidence and a good mathematical foun-

dation, these students quickly mastered basic computational problems and, as a consequence,

more time was devoted to deeper conceptual problems.

Comments from a graduate instructor of a flipped strong section:

“Student response to the flipped classroom varied widely, but it was rarely negative.

Often students engaged with the material more voraciously, and the results paid off. The

flipped method places the instructor in the role of facilitator, rather than lecturer. That has

a number of consequences. It encourages students to think on their own, be critical, and

believe in and encourage their own abilities, rather than focusing more on their instructor.

It forces them to take risks which, at first uncomfortable, become more natural and from

which they learn greatly. These are the skills we want to be teaching students for life, not

just mathematics.

Though truly a student centered approach, practice of the flipped method also helps

good teachers become great teachers. The value of seeing how students think about and

solve problems in real time is irreplaceable, and it drives the way I think about and teach

material now regardless of what techniques I’m using. It also gave me daily experience

handling students in an extremely dynamic environment, responding to questions which were

interesting, valuable, and all the more potent because they were fueled by student curiosity.

Another result was a change in my teaching reviews. They were more balanced, expressing
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the drawbacks as well as benefits, and were overall still positive. In effect, students felt

more comfortable expressing themselves and sharing their critical thinking, just as they were

instructed to do in class on a daily basis. This experience was confirmed by a couple other

professors.”

5 SURVEY RESULTS FROM STUDENTS

Near the end of the semester students in the flipped sections were surveyed and we collected

student comments along with numerical feedback. Overall, students tended to like the activ-

ities of the flipped teaching format. Below, we provide the distribution of student responses

along with a selection of student comments from the survey.

Extreme Dislike Dislike Neutral Like Extreme Like

Videos 4% 14% 31% 38% 13%

Activities 1% 5% 17% 44% 33%

Overall 8% 14% 28% 28% 22%

“I think it is fantastic. Seeing cautions whenever you need to review is very useful. The

teacher is able to review any parts of the video the class did not understand and we

can go over problems in class.”

“It is nice to get feedback and help on questions and have lots of homework. If anything

is still unclear, we can bring it up to the instructor. More homework would actually be

helpful.”

“I was in a lecture format at the beginning of the semester and this section is definitely

preferable. It is nice to get feedback and help on questions and have lots of homework.”

“I like how class is for practice, but you learn as you practice. The videos provide basic

background info. It has been interesting.”

“I don’t want to take a class like this ever again. Next semester I hope to take a more

traditional style of teaching calculus.”

“I dislike this format completely. I would learn much better if I was taught be an

instructor that I could ask questions. It would be better if there were more lectures.”

“Sometimes, I would like to go over more of materials from videos in class, it is confusing.

If the video is not understood, classroom activity becomes unproductive.”
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6 QUANTITATIVE RESULTS

We collected quantitative data through four means:

• the computer-based Skills Tests;

• Common Midterm and Final Examinations;

• Calculus Concepts Inventory;

• Common Calculus 2 Final Examination.

6.1 Skills Tests

The Skills Tests are intended to set a firm lower bar on passing the course. Students are

given a thorough selection of practice problems in advance, they have multiple tries on each

test, and the problems selected for these tests are very basic. In addition, students are highly

motivated to pass these tests – they must get a score of at least 70% on each Skills Test in

order to pass the class. Thus most students do pass – in fact, they typically eventually get a

good grade. This limits the effectiveness of Skills Tests grades as a comparison of flipped vs.

traditional format sections:
Flipped Sections Controlled Sections

ST 1 ST 2 ST 3 ST 4

A 72% 59% 47% 66%

B 23% 23% 19% 17%

C 6% 16% 33% 16%

F 0% 2.3% 1.6% 0.8%

ST 1 ST 2 ST 3 ST 4

A 71% 55% 51% 69%

B 19% 25% 15% 16%

C 10% 17% 33% 14%

F 1% 3% 2% 1%

At the very least, we can say that our flipped teaching method did not impair students’

basic computational skills.

6.2 Midterm And Final Examinations

The midterm exams were written to be complementary to the Skills Tests. They avoided basic

computational questions and focused on more sophisticated problem-solving and conceptual

problems. The P -values in this section were obtained using a one-tailed unpaired t-test.

The flipped and controlled sections took common Midterm Exams. With a P -value of

0.078 and 0.389, the difference between the flipped and controlled Midterm Exam mean is

not statistically significant.
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Midterm 1 Midterm 1 Midterm 2 Midterm 2

Flipped Controlled Flipped Controlled

Average 67.7 64.7 63.7 63

3 Quartile 83 79 78 78

Median 73 66 68 66

1 Quartile 56 53 52 50

SDeviation 18.9 18.2 19.2 20.1

Number 135 197 127 189

The final exam is administered simultaneously coursewide and is where computation and

concepts are reunited. Students in the flipped sections did strikingly well in comparison to

students in the controlled sections.

Final Exam

Flipped Controlled Flipped Controlled Flipped Controlled

(All) (All) (Strong) (Strong) (Weak) (Weak)

Average 69.1 61 71.8 62.2 60.3 54.7

3 Quartile 79.5 74.88 80.63 75.5 71.63 63

Median 70.75 62.5 73 64 60.5 55.5

1 Quartile 60.25 49.13 64 50.5 51.88 40.5

SDeviation 14.6 18.1 13.1 18.6 16 13.6

Number 126 186 96 156 30 29

Statistical details:

1. With a P-value of 0.002, the difference between the flipped sections and controlled

sections is very statistically significant.

2. With a P-value of 0.0007, the mean final exam difference between the strong flipped

sections and strong controlled sections is very statistically significant.

3. In terms of raw scores the weaker flipped students outperformed the weaker controlled

students. Because of the small number of students in the weak cohort, statistical

analysis is less conclusive. With a P-value of 0.072, the difference is not statistically

significant.

Our best explanation for why such a strong difference emerged at the final is that student

engagement remained high in the flipped sections to the very end of the semester. These
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students did not seem to suffer the kind of burnout so frequently seen in traditional lecture

courses in the last part of the semester.

Our efforts to get separate results for students who had resp. hadn’t taken calculus

previously were hampered by issues of sample size. In particular, in the weaker sections

(which had suffered some attrition over the course of the semester) the various cohorts were

all too small for meaningful analysis. In the strong sections, the group of flipped students

who had not previously taken calculus was so small (17 students total) that we are hesitant

to read anything into the unexpected result below: that students in flipped sections with

no previous calculus performed better than those with previous calculus. Nonetheless, the

numbers we have show substantially better performance for students in flipped sections across

both groups.

Final Exam - Strong Sections

Previous Calculus No Previous Calculus

Flipped Controlled Flipped Controlled

71.9 62.8 Average 73.3 58.5

80.5 76.5 3 Quartile 81 73.5

73 66.5 Median 70.5 55.25

64 51.25 1 Quartile 66 46.5

12.0 18.7 SDeviation 12.3 18.2

76 103 Number 17 44

6.3 Calculus Concepts Inventory

The Calculus Concepts Inventory was administered on the first day of class and again on

the final day of class, student involvement was optional and performance on the CCI had no

bearing on their final grades. Unlike the first day, on the final day of class student attendance

is low and those students in attendance are typically tired from the semester and not thrilled

to sit for an exam with no bearing on their final grade. Of the students that took both

exams, there was a 1.2 point and 1.3 point increase on average in both the flipped and

controlled sections, respectively. The normalized gain for the flipped sections is 9.7% while

the normalized gain for the controlled sections is 9.3%.

It should be noted that the CCI scores are confounded by student apathy on the final day

of class. A large number of top performing students on the first day of class scored below

half their score on the second examination. In the future, the authors plan on incentivizing

the second examination by having performance impact final grades.
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6.4 Success In Calculus 2

The data below is for students who were part of the experiment (flipped or controlled) in the

fall and went on to take Calculus 2 in the spring. All sections of Calculus 2 were taught in a

traditional format. We looked only at final exam grades because this was the only assessment

common to all sections of Calculus 2.

In raw numbers, students from the flipped Calculus 1 sections did better in Calculus

2. However, for every pairing, the differences in the means between flipped, controlled, and

coursewide sections is not statistically significant.

Common Final Exam - Calculus 2

Flipped Controlled

Average 63.4 60

3 Quartile 71.1 70

Median 64.4 60

1 Quartile 53.3 50.4

SDeviation 15.6 18.8

Number 75 63

7 CONCLUSION

The switch from traditional lecture style to flipped teaching should not be taken lightly. The

time investment in creating videos and planning out class material was considerably greater

than that for simple lectures. However, both the informal and quantitative results we found

are encouraging, particularly since all of us participating were entirely new to flipping and

found only limited resources to tap into. There is considerable room for our expertise to

grow.

As discussed earlier, we are currently to scaling up to having all of our 30-some sections of

Calculus 1 taught in the flipped style. We believe that this will require considerable training

and mentoring for instructors (which we are now developing). Materials developed for this

experiment, including videos and classroom assignments, can be accessed at

www2.math.binghamton.edu/p/people/jbrennan/calculus flipped resources
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