
Discussion about flipping a (physics) course 

 

Discussion leaders: Dr. David Nero and Dr. Hanna Salman, Physics and Astronomy. 

Both instructional designs also include Just-in-Time Teaching elements. 

Dr. Nero and Dr. Salman are teaching the first sequence of an introductory physics course (“Basic 
Physics, Science and Engineering 1”) which is taken primarily by physics and engineering majors. Dr. 
Nero is concurrently teaching two classes, one in which he uses traditional teaching methods and the 
other which is flipped. 

 

First, the problems with a traditional lecture were discussed. It is established that short term (or 
working) memory can only process between 5-9 items at a given time and a typical lecture (especially if 
it includes pre-prepared lecture slides) can easily overload students’ working memory. Our goals for a 
physics lecture are that students learn: 

• Definitions 
• Equations 
• Constants 
• Laws and theorems 

In addition, students should also know how to apply these in various situations. 

An example of a slide from a typical physics lecture clearly shows that a lot more than 5-9 pieces of 
information are included in it, and, if the instructor only spends (as he/she normally would) 5 minutes 
on the slide, it is difficult for students to grasp all of that information and develop an understanding 
about how it would be used in a specific situation. 

In addition, one should consider that students’ attention may wander off for a few minutes, or that they 
may realize mid-lecture that they don’t understand something from a previous chapter (which is 
relevant to what the instructor is talking about at this moment). These situations can hinder the learning 
process and make it more difficult for students to extract meaningful information from lectures. 

One of the primary functions of a typical lecture is to deliver information and this function can be 
relegated to outside of class, and in-class activities can be used to engage students in meaningful 
activities designed to help them develop the desired understanding and skills needed to be successful in 
the course. 

Dr. Nero’s instructional design is the following: 

• The class is broken up into two groups of students 
• Each of the groups attends one of the two regular class periods (100 minutes each) 



• Before class, students read the textbook and watch online video lectures posted by Dr. Nero, 
after which they take a short conceptual quiz 

• The example video has several features: 
o Narrated voice-over as notes are being taken 
o Relatively slow pace, to reduce the working memory processing burden for students 
o Students can fast forward, pause, rewind/rewatch (obviously not possible with regular 

lectures) 
 Students can go at their own pace 

• During class: 
o Concepts described in the video are quickly reviewed 
o Students are shown demonstrations of relevant concepts 
o Conceptual clicker questions are used to provide feedback to both students and 

instructor 
 These questions are based on common student difficulties or misconceptions 
 (See “Sample in-class lecture slide” – questions can include multiple choice 

answers) 
o Example problems are shown 
o Students work in groups of four on context-rich problems (typically challenging) which 

are graded (see “Sample group assignment”). 
 While students are working on these problems, the instructor and TA walk 

around the class, answer student questions and guide their problem solving 
efforts 

• The recitations have not been modified and are being taught by TAs in a ‘traditional’ manner 
(e.g., the TA answers students’ questions, discusses concepts, solves problems similar to 
homework problems etc.) 

The assessment of the impact of flipping the course on student learning will be done by using 
conceptual and epistemological/attitudinal tests developed by physics education researchers: 

• Force Concept Inventory, or FCI, which is a conceptual assessment of students’ understanding of 
force and motion. 

• Rotational and Rolling Motion Conceptual Survey, or RRMCS, which is a conceptual assessment 
of student understanding of concepts related to rotational motion (angular kinematics, torque, 
moment of inertia etc.) 

• Colorado Learning Attitudes about Science Survey, or CLASS, which is a survey of student beliefs 
about the nature of physics/science and physics/scientific knowledge. 

Dr. Nero will give all of these as pre and post tests and compare the performance and learning gain of 
the students in the flipped section with the performance of students in the traditional section. In 
addition, he plans to use a few common questions in each exam and will compare students’ 
performance on the common questions as well. 

 



Several issues were discussed: 

 Why is the class broken up into two groups and each group attends only one of the two regular 
class periods? 

o One should ensure that the amount of work students (and the instructor) have to do is 
the same in two different introductory physics classes 

o Reading the textbook, watching online lectures and answering the pre-class questions, 
takes about as much time as attending class (100 minutes) and if students are expected 
to do this AND attend all classes, it would mean that they have to spend more time and 
do more work in the flipped class 

o This is the typical way a flipped class is taught, especially in large introductory classes. 
Breaking up the class into two groups makes it easier to conduct active learning in class 
and provide feedback to students 

 A concern was voiced that perhaps students in the traditional class may get access to the online 
videos of the flipped class (e.g., students living in a dorm together, or friends can share 
information about their classes) 

o Students would have to share courseweb login information to do this 
o It is very difficult to ensure that this doesn’t happen 
o There are many free videos on introductory physics online that students can watch 

anyway (if they take a flipped or traditional class) 
 There was a concern that students in one class may be spending more time on that class than 

students in the other (e.g., students in the flipped class spend more time on physics than 
students in the traditional class) 

o Students could be asked how much time they spend studying for the course (both in the 
flipped and traditional class) to make sure that they are spending comparable amounts 
 It was mentioned that this should not be done only at the end of the class since 

end-of-semester surveys are not necessarily reliable. Instead, students could be 
asked at one or several times during the semester how much time they spend 
on the course. 

o In physics, some researchers have shown that students spend less time on a flipped 
course and that the performance on conceptual assessments in a flipped class is similar 
to a traditional class. However, the flipped class helps improve students’ attitudes about 
physics (e.g., they like it more, they are more likely to view it as a coherent body of 
knowledge than a disparate set of facts and formulas etc.) 

 The description of the class was available to students when they signed up for it so they knew 
they were signing up for a flipped or traditional class 

o Students in each class know about the other one, but do not know what it is (unless they 
have friends in that class who can tell them). In other words, a student in the flipped 
section knows that there is a traditional one, but does not know how that class is taught 
(and vice versa). 

 The lectures that students in the flipped class get are similar with the ones the students in the 
traditional class get. In the traditional class, Dr. Nero will write by hand on blank powerpoint 



slides, similar to the videos students in the flipped class watch. This helps ensure that the 
content delivered is similar. 

 Dr. Nero also meets with students several times during the semester to get feedback about how 
his teaching is perceived by students and uses that to adapt his teaching. 

 Students are also given extra credit assignments in the physics exploration center where they do 
hands-on experiments 

A question was raised about whether this could be done in an introductory astronomy class, which 
includes a lot more facts and a lot less problem solving. It was discussed that a similar format could be 
used because students still need to develop a conceptual understanding. Out of class students could 
learn the facts and in class could be used to help students understand astronomy conceptually. 

 

Many of the questions discussed regarding Dr. Nero’s instructional design are relevant for Dr. Salman’s 
approach as well, which is briefly summarized below. 

Dr. Salman’s approach: 

 All students work on guided activities before coming to class designed to help them build an 
understanding of the concepts discussed on their own, before being formally introduced to 
physics terminology. 

 During class, the concepts are introduced with a focus on building connections to the out-of-
class guided activities. 

o Students work in groups and answer clicker questions. 
o Students work in groups on more complex problems (which include relevant and 

authentic contexts: e.g., context-rich problems) to help consolidate the new concepts 
learned. 

 Recitations are restructured to include active student participation. First, the TA will model how 
to solve a problem, after which students practice applying the same set of skills while working in 
groups and receiving guidance from the TAs. 

o Occasionally, students will present problems on the board after having worked on them 
in groups. 

Dr. Salman’s proposed assessment involves a similar pre-post testing strategy using established physics 
conceptual assessments and comparing to published data (instead of comparing to a control group). 
Also, Dr. Nero and Dr. Salman plan to collaborate in this regard. 

 


