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Learning Outside the Classroom - Flipping an  

Undergraduate Circuits Analysis Course 

 

Abstract 

While the use of technology has increased in education, much of that technology, such as use of 

PowerPoint, SmartBoards and use of the Internet, has been used in the same pedagogical 

approach, which is lecture in the class, followed by homework outside of the classroom.  While 

student engagement through active learning has been demonstrated to enhance learning, one of 

the challenges to faculty is how to include these active learning methods while still trying to 

cover sufficient material.   

Over the last few years, the use of technology has opened up another instructional strategy, 

called flipping the classroom.  In this strategy, students take on a greater responsibility for their 

learning, and lectures that would normally be given by the professor in the classroom are now 

available online.  Therefore, the classroom time can be used to engage students in problem 

solving activities, while the professor acts more like a facilitator of learning rather than a 

lecturer. 

In a four year Electrical and Computer Engineering Technology program, one of the sections of a 

junior level circuits course was converted to a flipped course as a beta test for this concept.  Over 

the last few years, lectures in the course by the author have been converted into smaller learning 

objects, resulting in videos of less than 10 minutes.  In many cases, a lesson may be comprised of 

3-4 of these videos.  The videos were created using Camtasia Relay, and uploaded to a Course 

Management System webpage (using Moodle), in a structured sequence.   While many of these 

videos were created from previous PowerPoint slides developed by the author, many others were 

created using a specialized paper tablet called PAPERSHOW, which enables screen capture and 

video while writing on this tablet.   

Over 50 videos were created for this course, and each week students were expected to review the 

videos related to the upcoming week’s topics.  Assessments were developed for learning 

outcomes for each week, along with assessments on the students’ perception of the effectiveness 

on the video material.   

This paper will describe the process of creating these videos, the structure of the course, and a 

summary of the assessments of both the student learning and the perceived effectiveness of this 

process. 

  

P
age 23.854.2



Background 

Instructional delivery and the use of technology have changed over the years, from blackboard 

writing to the use of applications such as Blackboard for delivery of distance learning.  Faculty 

need to identify effective strategies that could improve and strengthen academic programs in 

order to meet the learning needs of all students, especially the Net Generation students
1
.   Recent 

advances, both in software, hardware and Internet delivery, allow a next generation of videos to 

enhance learning in the classroom.   

However, with this new technology comes a need for a different pedagogical approach.  Too 

often, faculty use some of the newer technologies to video their entire classroom lecture, with the 

idea that students will learn by viewing an hour or two worth of material.  In many cases, these 

videos are in addition to traditional face to face (F2F) teaching.  The problem, especially in a 

technical course, is that there is never enough time to complete all the material, as well as go 

over a sufficient number of examples to enable students to better understand the material covered 

in class.  The other problem is that when you look at the Millennial students, their 

communication time is short.  This generation of students grew up watching YouTube videos 

that were shorter than 10 minutes (changed two years ago to 15 minutes) and following Tweets 

that are 140 characters maximum.  So this isn’t a generation used to, or interested in, an hour 

video of lectures. 

Recently, applications such as Camtasia ® Relay have been used to “tape” lectures, by allowing 

the user to merge the video of PowerPoints and writing on tablets with the audio.  However, 

rather than taping an entire classroom lectures, the author started to tape small 5-10 minute 

segments of a lecture, that are called learning objects.  This is one of the changes in pedagogical 

approach. 

 

A learning object was defined by The IEEE LTSC (IEEE Learning Standards Committee) as any 

entity, digital or non-digital, that may be used for learning, education or training.
2
  Learning 

objects are a new way of thinking about learning content. Traditionally, content comes in a 

several hour chunk. Learning objects are much smaller units of learning, typically ranging from 2 

minutes to 15 minutes, and can be defined as “an independent and self-standing unit of learning 

content that is predisposed to reuse in multiple instructional contexts”.
 3

 L’Allier further refines 

this definition of a learning object as the smallest independent structural experience that contains 

an objective, a learning activity and an assessment.
4
  

 

Learning objects, as a self-standing unit of learning, should include an objective, a learning 

activity, and an assessment
5
. The learning objects created for this course included the first two 

elements, with an additional example as a self-assessment.  

 

Over the last three years, the author has developed the learning objects for a third year circuit 

measurement course for the Electrical and Computer Engineering Technology (ECET) program. 

This course has always been taught face to face, and the instructor had been teaching it for over 

12 years.  It consists of a one hour lecture and two hour laboratory, and typical topics in this 

course include Error Analysis, Ohm’s, Kirchoff’s Laws, Voltage and Current division, 

Independent and Dependent Sources, Mesh and Nodal Analysis, Thevenin/Norton, First Order 
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Response and AC Steady State analysis. Over the last two years, 24 learning object videos were 

created. 

 

Flipping the classroom 

 

While the students were able to review the videos, there were two concerns that still existed that 

were not being addressed with technology: 

 

1. That technology was not changing the way the author was delivering the information, nor 

was it helping to deliver additional information or cover extra problems. 

2. While students were able to review the video, were they able to understand the materials? 

 

One possible way to the first concern is a recent trend in education, called the “flipped” 

classroom
6
.  The concept of a flipped classroom is to have students view videos of the lectures as 

their homework, and utilize class time for in-class activities and problem solving.   This can 

create more class time and not lose education time by having students take notes at home and do 

the work in class
7
. The other advantage of providing the lecture in this format is that students can 

review the videos several times.  There will be a brief discussion in the results section as to 

addressing the second concern.  

Over the previous two years, the author developed 24 learning object videos, as well as used 

Moodle as a Content Management System in his F2F class.  Thus, the foundation for being able 

to flip this class existed, and an attempt was made to flip one of his Fall 2012 semester courses.  

The rest of the paper will describe his experiences as well as feedback from the students. 

 

Creating a flipped classroom  

In reviewing the concept of flipping the classroom, two things became apparent: 

1. There was a need for additional videos.  While the current 24 learning object videos 

included many of the topics that were covered in this class, not all were addressed by 

these videos.  If the expectation of the students was to understand the material before 

class, then additional learning objects needed to be created. 

2. With regard to the second point in the “Flipping the classroom” section, how was the 

author going to know if the students understood the material?  The concept of flipping the 

classroom included the idea of working with the students in covering the traditionally 

assigned homework in class, so students’ understanding of these videos were enhanced 

by problem solving.  There was a need to assess student’s knowledge prior to the class.   

To address the first point, a total of 16 new videos were created.  The first 24 videos were 

developed for this course using a combination of PowerPoint slides and Camtasia Relay.  The 

average time to develop the concept and structure of each learning object, create the PowerPoint 

slides and develop the video using Camtasia Relay was between 2-4 hours.  Many of the new 

videos would be a simulation of what the author would have presented in class, so a new 

technology, called PAPERSHOW
8
 was utilized in conjunction with Camtasia Relay.  

PAPERSHOW, as the website states, is a digital writing solution that enables to instantly display 

handwritten notes from the paper to the screen.  It utilizes an interactive paper, which detects the 
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pen’s movement, a Bluetooth® digital pen that captures the pen’s position on the paper, and a 

Bluetooth® USB key, which stores the software and receives the coordinates of the pen’s 

position.  This system, which is very easy to carry in a computer case, enabled the additional 

recordings to be done in less than 1 hour.  The author wrote on a paper the notes that were going 

to be recorded, and then utilized the PAPERSHOW system to capture this writing as video.  

In addition to these videos, the author added weekly assessments.  This was a required 

assignment, and had to be uploaded via Moodle before the class.  These assessments were 

oriented to two areas – assessing the quality and usefulness of each learning object, via a multi-

part questionnaire, and the assessment of the learning outcomes for that week.  There were nine 

course learning outcomes for this course.  For each week (or in the case of multi-week modules, 

for each learning module), individual outcomes were developed, and assessed.  These 

weekly/module learning outcomes were related to the overall course learning outcomes.    

Questions and problems were used to assess the students’ success in developing the skills and 

knowledge specified by the learning outcome(s) that was related to the various learning objects.  

 For each week (or for each module) students had the ability to upload a “Reflection” document.  

This document, which was not a required assignment, enabled students to identify problems, 

concerns or positive results for the week’s learning and assignments.  The use of these 

“Reflection” documents was to identify to the author areas of concerns or questions by the 

students, so additional information could be developed.  These indirect measures were combined 

with the direct measure of the learning outcome assessments and the indirect measures of the 

learning object questionnaire.  

Results 

In prior classes, there were some subject areas that were taught in-class, such as understanding 

learning styles, using advanced features of Word and Excel in a lab report, and presentation 

techniques, that were beneficial to the students but not required for the main subject material.  

Originally, time was taken during the lab portion of this course for these items   Videos were 

created for these subject areas, enabling the author to provide a richer lab experience to these 

students.   The latter two items were assessed through student work, both in the use of some of 

these features in a lab report, and a final presentation.     

There were both positive and negative responses by the students to this material.  Some of the 

comments of the students, from both the assessment of the learning objects and the reflection 

document, are as follows: 

 This week I understood the learning object and I was able to do it without a problem. All 

the videos were of great help for me. I like the video because I can go over any time of 

the day and I don’t have to worry about If I don’t understand it. In fact all the videos 

were good and they are a great method of teaching. 

 The video could have been helpful, however, this topic I felt was too brief 

 The learning object was a good idea, because I have never worked with nodal analysis. I 

was able to pause the videos and reference the book to help me with solving the 

homework problems. 
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Several of the negative comments dealt with a need for additional videos, which actually was a 

positive comment regarding how the students felt about the value of the videos.  In Moodle, there 

is an ability to generate several different types of activity reports.  In reviewing the activity on 

the key videos, most of these were viewed 2-3 times.  This demonstrates the advantage of these 

videos, that students can review the material multiple times.  Some of the videos relating to the 

use of Excel and Word were not viewed by everyone.  This relates to prior knowledge that 

students bring to a class.  

There were some negative comments, and as a result, the author had a 20 minute in-class 

discussion with the students at the mid-point of the semester, and asked them to be honest in 

evaluating the instructional strategy of flipping the classroom.  The main points that were 

discussed were: 

 The students liked the videos, and wanted more.  The main reason they liked them was 

that they could refer back and review them.  

 Students were very concerned about trying to do the learning outcome assessments, 

since they did not feel adequately prepared by reviewing the videos before class.  All of 

the students viewed all learning object videos at least once, but only between 50-75% of 

the students completed the outcomes assessment for that learning object.   

 Many students felt that by using the concept of flipping the classroom, the course was 

more a distance learning course and that is not what they wanted, nor did it fit their 

learning styles (one of the videos that were uploaded dealt with learning styles of 

students).  

 Each learning object video contained one or two illustrative examples.  In these videos, 

simple examples were used, so the students would be able to following the reasoning in 

obtaining a solution to the problems.  However, students wanted to see more 

challenging problems. 

As a result of these discussions, the author made three changes to the course.  This is the process 

of continuous improvement within a course. 

 Created a series of nine “Challenge Problems”.  These were problems different from the 

problems solved in the learning objects.  The video would introduce the problem, and 

then ask students to press the Pause button, and solve the problem.  Then the students 

could compare their method and final solution with the video.  These videos were 

created using PAPERSHOW and Camtasia Relay.   

 Initially, each assessment was paired with one or more video links in the Moodle page, 

and was below the video link. The author placed the video links at the top of each 

week’s section, and placed all links for the assessments and reflection documents at the 

bottom of the week section.  Students responded that they liked that type of separation 

between information and assignments. 

 Modified the course from a “Flipped” course to a “Semi-Flipped” course.   

What is meant by semi-flipping is that the videos are still available to the students before the 

lesson and the assessment on both the learning object and learning outcome is available to  be 

completed and uploaded before the lesson.  However, each topic is still covered in class, but in 

a different way – by introducing the topic by working on problems immediately.  Since the 
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background material is in the video, students do not need that material to be presented in class.  

If students are still uncertain about how to solve the problems by utilizing the discussed topic, 

they can refer to the video after class.  Students are responsible to complete the assessment 

before the next class.   

It is difficult with just one class to do a comparison with any increase in skills or knowledge.   

One skill that was increased over the previous year’s course was related to one of the course 

learning outcomes – “Identify, in writing, the best circuit theory to apply to various resistive 

circuits to solve for voltage and current measurements”,   In the final exam, there was increase 

in the number of students (from six students to 12 students) from the previous year’s final, who 

identified possible circuit theories to use, and then justified why they chose the specific law.  

The author believes this is due to the several challenge problems, which were created because 

of the flipping of the classroom, utilized this method.  In addition, there was a six point increase 

in the average for the final between this year’s class and the previous class.  Both finals utilized 

similar questions, with the same degree of difficulty.   This difference was not statistically 

significant.   

Conclusion and Plans for the Future 

One of the main advantages of attempting to “semi-flip” the classroom was to eliminate, from 

lab or class discussion, peripheral items that would be interesting, but not necessarily critical for 

the success of the course.  Having the videos allowed the students to focus during the lecture, to 

listen to the material rather than write down detailed notes, since they knew they could review 

the material again from the videos.   

The challenge problem videos were one of the favorite items in this course, based on the student 

assessments.  Several of these problems were the same as covered in class, and because of the 

ability to review them at home, the students appreciated these challenge problems.  Additional 

challenge problems were created that were not part of the classroom discussion. Too often, 

students listen in class to a professor working on a problem, have no idea what was done, and 

quickly forget how to do it.  This is not the case when students, at their leisure, can review the 

problem.  

The biggest challenge the author found in trying to implement a flipped classroom is to get 

students to work on the material before the class period.  While it was a graded assignment, only 

50-75% worked on the material.  One incentive that might be implemented in a spring course, 

which the subject course in this paper is a prerequisite, would be to increase the portion of these 

assignments relative to the final grade.  The author will also award extra credit if the assessments 

are done prior to class, and the expectation is that more students will complete the assessments 

before the next topic is covered in class. 

The majority of the students that were part of this class will be part of a subsequent class in the 

spring semester.  To determine whether they have obtained the necessary skills and knowledge 

from this prerequisite course, the author will be giving them a pretest during the first week of the 

spring course.   

Flipping the classroom, or “semi-flipping” the classroom as was done by the author, is not 

something simple.  Instructors should first start to look at their material, break them up into 
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learning objects (with associate learning outcomes), create the videos, and then create the 

assessments.  This is something that will take a considerable time, and should be done over 

several semesters, until instructors get a critical mass of videos for their course.   
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