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A flipped course in modern energy systems: prefmaratlielivery, and post-
mortem

Abstract

In the flipped classroom model, students are assligo read material or view videos on class
topics before coming to class. The traditionaldeetperiod can then be used to engage students
via a variety of methods including active learniaghniques such as peer instruction, labs, and
problem sets. Cited advantages of this pedagogie#iiod include, amongst others: time to
spend with student on authentic research, timeaid with scientific equipment in classrooms
lecture content can be viewed repeatedly, the ndgthemotes thinking both inside and outside
of the classroom, and students are more activelywed in the learning process. All of these
advantages share a common philosophy; online rtgtrucan be used at home to free class time
for learning.

This paper presents the implementation, delivarg, analysis of a flipped course in electrical
power engineering technology at the undergradeats.| The methods used are characterized in
terms of existing evidence based research foriped@nd effective instruction, and instructor
and student feedback is included for comparisaist,/a method of converting the traditional
lecture based instructional content into web-baseeos using a low-cost do-it-yourself smart
board is presented, as well as the organizatiatideb content into online playlists for ease of
viewing. Second, methods of monitoring student detigm of out-of-class assignments are
evaluated, and the use of low-stakes online quiszpsesented as such a tool. The restructuring
of class time is then discussed, including theaiskeep learning activities, problem based
learning, peer instruction, laboratory based leaynand traditional problem sets. The paper is
concluded with a summary of reports on studenttsgqions of the flipped methodology.
Throughout the paper, both the benefits and tHallgitof the flipped classroom method are
highlighted, and the importance of proper instiual design is emphasized.

1. Introduction

The basic premise of the flipped class room insimnal method, often called the inverted
classroom, is that online instruction at home fredass time for learning. In this pedagogical
model, asynchronously delivered online video leztubke the place of direct-live instruction.
Custom videos can be created by the course instractan be chosen from the increasingly
large inventory of online content, such as thoswiped via Kahn AcadenyClass time

previously reserved for “chalk and talk” lecturesristead spent directly interacting with
students, performing activities that are not easiljnputer automated, such as practice exercises
and problem solving. Therefore in a flipped classn, activities that historically have been
performed in class are performed at home and \ecgay i.e. a re-ordering of the traditional class
structure.

It is increasingly becoming evident that a morecé#fpredefinition of the flipped classroom is
necessary, as instead of merely a re-orderingsubeessful flipped course actually expands
beyond the typical course curriculum by includirgj\aties based on proven active learning
methods focused on knowledge integration and agipdic. In their review of flipped
classroom research, Bishop and Verlégeopose a re-definition that includes two parts:
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interactive group learning activities inside thassroom and direct computer-based individual
instruction outside the classroom, as shown in&§4abl

Table 1: Traditional and active definition of tHipped classroom, adapted from

Style Inside of Class Outside of Class
Traditional | « Lectures * Practice Exercises and Problem
Flipped + Practice Exercises Solving

* Problem Solving * Video Lectures
Active e Question and Answers * Video Lectures
Flipped * Group-Based and Open Ended Problem Closed-Ended Quizzes &
Solving Practice Exercises

The educational approach described in Table lemgencreasing utilization amongst
engineering and technology educators because wiogernty implemented, the active flipped
course method enables instructors to implementatdarning methods without sacrificing
course conterft  In the traditional classroom, tools such asabairative learning, cooperative
learning, and problem-based learntigcan be difficult to implement within the 50 to 80
minutes traditionally allotted per instructionakioel. Often, the lecture time lost when
implementing such methods results in a decreadeiamount of material covered in a semester
course, and a flipped course provides instructaitis thhe opportunity to re-capture this tifne

and has proved successful as either a completerfliyhen implemented more selectively, such
as when only a portion of the material is transfedin

Despite the increasing body of evidence suppoftipged classrooms, many engineering and
technology instructors do not feel comfortable iempénting the flipped classroom, primarily
related to (1) having high comfort level with tradinal lectures, (2) insufficient time to develop
flipped materials, and (3) unfamiliarity with thetaal process of flipping a course. The purpose
of this paper is to these address issues by piegehe process utilized to transform a recently
flipped course in Purdue University’s School of Eegring Technology, review the methods by
which the course content was delivered, and togmtestudent responses to the instructional
methods utilized.

2. Course Framework

ECET 27300 Modern Energy Systems is an introdudtagnergy system technologies course
taught to ' semester sophomores pursuing a B.S. degree itriEd@&Engineering Technology.
The primary instructor’'s anecdotal observationthefcourse were that the majority of students
were surface-learners; tending to memorize faatsreproducing problems through rote
memorization, instead of deep learners who focusrmerstanding the meaning of the material
and the integration of new concepts with their kiealge of the worltf. To address this issue, a
course re-design was performed through participatidhe Purdue IMPACT program with the
goals of increasing student engagement, competandegttainment of course learning
outcomes by implementing the research-based pedsgofycollaborative learning, in which
students work together in small groups to answestjons, and problem-based learning, where
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relevant problems are introduced prior to the ington cycle and used to provide context and
motivation. An additional important consideratidrtloe course re-design was to preserve the
hands-on engineering component of the course islwtudents participate in extensive
laboratory activities. As such, the active-flippadthod was chosen. In this way, the benefits of
direct instruction through “chalk and talk” are rtiggpreserved, with the added benefits that
students can repeat video content as necessawnitigkally, by flipping the class room, in-class
time can be reappointed for multiple active leagrstrategies.

The above course-design strategy was implementadliosed-loop system as presented in
Figure 1. This implementation was divided intcethareas of instruction: pre-class activities, in-
class activities, and post-class activities.

Pre-Class Activities

Post-Class Activities

* Lecture Videos

In-Class Activities

e Outline
* Review * Homework
Ty Assignments
e Qualitative
“Di i Results
Discussion '
—— ¢ Course Learning
Questions
o > ¢ ProblemBased |— e Outcomes
* Quantitative . .
“Practice Practice « Cumulative * Deep Learning
— Exercises
E Exercises Tests

Class Quiz

Figure 1. Closed-loop course structure.

The length of the following activity “module” woulgpically be implemented across two 1 hour
50 minute class meetings. In order to maintain iditutes or fewer of activities (3 credit
hours), the homework content of the class was rlby approximately 90 minutes per module,
as this content is covered in the class session.

1) Pre-Class Activities: Utilizing the flipped modstudents were assigned a video lecture for
study prior to attending each class. The videallestwere accompanied by a
handout/outline and two worksheets: a list of datlie discussion questions and a set of
unsolved quantitative practice exercises. Studeats instructed to review the lecture
handouts, discussion questions, and practice eesr@irior to viewing the video lectures.
Upon completion of the video, students were reglicetake a short pre-class online
multiple choice quiz. The quiz questions were giesd to assess at the knowledge and
comprehension levels of Bloom’s taxonorhyand served as a low-stakes assessment to
encourage completion of the video. Additionallydents were asked to begin formulating
responses to the discussion questions and prasteseise. Students work was later
evaluated for completion/participation, but notwwecy.

2) In-Class Activities: The first 30 minutes of earthss session were reserved for a high-level
review of the video lecture and was followed byaew of the online quiz. The statistical
data collected from the online pre-class quiz pedia tool by which the instructor could
focus the limited available review time, howeveriegvs were structured to be informal
discussions, presenting students with the oppdsttimiask questions and clarify concepts.
After the review, approximately 55-minutes of clase used for peer instruction in which
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3)

groups of two or three students formulated a siggbeip answer to the list of discussion
guestions. Groups were then randomly called upgrdvide a unified answer to a single
guestion, which was graded by the instructor. Ogneups were provided the opportunity to
“steal” the questions by providing more completsvegrs, which was rewarded with bonus
credit for the day’s evaluation. Feedback was trewided by the instructor to clarify any
misunderstandings. Approximately 55-minutes ofslaere then used to solve the practice
exercises as a group, with the instructor acting gside, but with the students performing

all analysis and mathematical calculations. A Isaowllaboratory activity related to the in-
class content then was performed, typically lasé@do 75 minutes.

Post-Class Activities: After several modules wesenpleted, homework problems were
assigned, encouraging individual problems solwrith solutions provided to the students to
perform self-assessment. A post-class quantitgtive was then given during class time as a
medium-stakes assessment of learning designedéssaat the applying and analyzing levels
of Bloom’s Taxonomy. At the midterm and final bktcourse comprehensive tests were
given as high stakes assessments. In order to nidlepeonnection of the class to real world

applications, several mini-projects were assighedughout the semester. A complete
description of the projects is outside the scopihisfpaper, but some examples include a
poster linking energy consumption to quality oglihetrics, a biographical paper on an
important figure in the early electrification okttunited States, and a presentation on
demand reduction techniques suitable for implentemtat an electric cooperative.

Throughout the closed-loop course structure feddinas provided to the students via low
(green), medium (yellow), and high (red) stakegsssients, as depicted in Figure 1. In this

methodology, a low-stakes assessment is assigned sthidents have had minimal exposure to a
course topic and have not had the opportunitydedback. Such assessments are frequent and
formative, intended to give the student immediatdback regarding how the student is meeting

the most basic of class expectations, and are wezigh have minimal impact on the student’s
final grade. Medium stakes assessments are detivess frequently, after a student has had
time to prepare are clarify with the instructor drave a larger impact on the final grade. High

stakes assessments are summative, the most infite@ne in this implementation consisted of a

mid-term and final exam.

Table 2 summarizes the relative weights given ¢odifferent assessment methods utilized

throughout the course. Although receiving equabhietowards the final grade as the mid-term
and final, the laboratory instruction is consideasthedium states assessment due to the large

number of individual assignments.

Table 2. Weighting of high, medium, and low staissessments towards final course grade.

Assessment Category Percent
Final
Grade
Online Quiz 5%
Discussion Question/Practice Exercise Participatib®o
Group Discussions 10%
Homework Quiz 10%
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Labs 20%

Mini-Projects 10%
Mid Term 20%
Final Exam 20%

3. A Practical Method for Course Flipping

Converting a traditional lecture course for delweia the flipped method consists of the
following elements: creating and host the videoteoty creating and implementing a gating
activity, creating in-class learning activitiesdasreating post-class assessment and review
activities. Much of the content required for @fled course can be-repurposed from a traditional
course, and therefore the creation and productitineovideo content likely will be the most

time consuming element.

Video Content: The purpose of the video lecturds &llow students to acquire course content in
advance of the class meeting, i.e. to gain adxpbsure. The mechanism to achieve this can be
as simple as a reading assignment, or more ela&suah as a video recording, with most
successful flipped models implementing this appnda®hen implementing a video strategy,
either a curate or create method can be emplo@edated content is that which materials are
borrowed or purchased, but not created, by theseoustructor. Sources of curated content are
typically found online and can include YouTube lees from other universities, the library of
congress media library, and MIT opencourseware gstasthers. In contrast, created content is
original media created by the course instructors Tan be the use of lecture capture tools such
as Tegrity to record live lectures for re-use fifigped classroom in a subsequent semester,
creating a narrated power point video with scresgture tools such as Jing or Camtasia, or the
creation of fully custom lecture videos.

In flipping Modern Energy Systems fully-custom le& videos were created based on Power
Point presentations previously developed for thas® In order to preserve the traditional
blackboard “chalk and talk” feel of a course, a{owst and portable video recording studio
(Figure 2) was developed based around the Wiimdiéahboard?, a free-ware tool that converts
any flat screen surface into an interactive digithiteboard. To build the whiteboard, a 4x8
sheet of low density polyethylene (LPDE) was atéacto a frame constructed of 2x4s. A
projector and Nintendo Wiimote were then placedzktthe whiteboard screen, with the
projector configure to operate in the rear pro@tinode. A PC projected a computer desktop
onto the digital whiteboard, which could then benipalated using either a wireless presentation
remote or an IR pen which allowed for freehand dngw After evaluating several software

tools for presentation purposes, the freeware geagalitor/viewer Infranview’ was chosen due

to the large set of useful presentation featuredale. To record the lecture, an HD video

camera was placed in front of the digital-whiteloband screen capture software was run on the

PC, resulting in two concurrent videos. Additidpaé wireless microphone was used to

produce quality audio. This arrangement providetde advantages as compared to other video

creation methods:

* Normally when interacting with a PowerPoint preséinn, the presenter will cast a shadow
when in between the whiteboard and projector. Tdeeaf the digital whiteboard allowed for
the instructor to interact with digital content meut obstructing the student view, similar to
the use of a tablet PC or laptop.
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* Having a two video stream enabled the studentedggsstural information (e.g. pointing)
that would be lost in a “talking head” or tabletthwd.

After recording the screen capture of the compaésktop and the live video of the instructor,
the two separate video files were combined togaiberg Adobe Premiere, resulting in a single
video presentation, as seen in Figure 2.

Instanianeous Power in AC Loaus

Figure 2. Digital whiteboard and screen capture@idomposite.

Video Hosting: The final edited videos were pub#idhin the MP4 format which is suitable for
most internet hosting sites and most personalaligiedia players. The videos were then
uploaded to a YouTube channel created for the ecamd arranged into playlists to manage and
link related video content to play in a pre-detered order. The course playlists can be viewed
at:

https://www.youtube.com/channel/lUCVImHDgDo9nraTDgMHjA/playlists

By having students subscribe to the YouTube chategl were automatically notified when
new content was uploaded. Additionally, the comigeos were distributed in digital file-format
using the university’s server storage allocatedHerclass. Hosting the media in multiply
accessible formats was important as not all stedead access to high speed internet for video
streaming. Other common video distribution optimmdude Canvas or Blackboard.

Gating Activities: Gating activities are mechanistimat provide an incentive for students to
prepare for class that can also be used to asselssunderstanding of the video lectures and
to provide immediate feedback. Ten question migltghoice online quizzes were developed for
each video lecture and were deployed in Blackboaitth, much of the material coming directly
from previous semester’'s assessments. To prelieating, quizzes were auto-generated from
large question pools, with both order of questiang order of the options randomized for each
quiz. The use of multiple choice was selecteday tan be auto-graded, with individualized
feedback given to students and summative repornsrgeed for the instructor. Individual reports
can help students identify areas of weakness arndexstanding to work on before class, and
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summative data can aid the instructor in tailogtags-room activities to focus on areas of
documented difficulty.

In Class Activities: To fully benefit from the ffiped class pedagogy, the video lecture content
must be linked to active learning techniques apghethe classroom setting under the
supervision of the instructor, and ideally thesgvies focus on high level cognitive techniques.
Common strategies include think-pair-share, pollongding questions, discussion, media
analysis, collaborative learning, and problem-bdsaching. The discussion questions used in
Modern Energy Systems were taken from end-of chapt@maries in text books and from
previous semester assessments. The practice e®were taken from end-of chapter problems
sets and were also developed by the instructoe ifiportant change at this stage of flipping is
not in the content, but rather in the interactibthe student and instructor with the content, in
this case the utilization of peer instruction whet@dents teach each other by explaining
concepts and defending answers, and group prolesimg which involves students working
together to solve a problem with the instructonvuimg structure or guidance when necessary.

Post-Class Assessment: With the exceptions prelyiousntioned, the same assessment
methods utilized in traditional course structuresuseful in the flipped classroom. If using
active learning activities for assessment, havingpaic can help to articulate expected
outcomes. Inthe Modern Energy Systems flip, tmmeshomework quizzes, midterm and final
were used as in previous semester, and gradingsubere developed for each of the
collaborative discussion question exercise.

4. Results

To assess the flipped course an end of semestaryswas distributed and completed by 88% of
students, with n=7. Overall, the student respore® nmegative to the pre-class instructional
videos, as shown in Table 3. From the open enelgabnses, students found the videos to be
overwhelming, particularly the inability to stopetinstructor and ask clarifying questions.
Similar results have been reported in other flippedsroom studies involving early career
students, suggesting freshman and sophomore stuaherytnot yet have developed the
appropriate study skills to independently utiliipded contert This conclusion is further
supported by the low number of students who regartdizing the video content in a closed-
loop fashion to address identified weaknesses lzatdB6% of students reported watching the
playlists in a single session and not in shortgrments. This was particularly surprising given
that the average playlist length was 1 hour 30 temwhile the average video clip length was
under 20 minutes. In contrast, the majority of stud reported that the post-video quizzes
helped them better understand course materialpngddrther evidence to the case for frequent,
low stakes, formative feedback. When asked theairiop on how to best utilize the video
content, 100% of students suggested utilizing tdeosas ancillary/supplemental content and to
revert back to traditional live-lecture.

Table 3. Student Response to Pre-Class Activities

Strongly Agree Neither Disagree Strongly
Agree Disagree
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The video lecture aided my 0 1 1 2 3
understanding of the course material
| prefer video lecture to live lecture. 0 0 0 3 4
| often re-watched videos to better | O 2 1 3 1

learn course concepts.
The online quizzes aided my 0 4 1 0 2
understanding of the course material
| was motivated to watch the videos | 4 3 0 0 0
because of the graded online quiz.

Student response to the active learning strateggef discussion implemented in place of
traditional lecture instruction was more positiae,demonstrated in Table 4. Open ended
responses indicated that the students enjoyechtbactivity and critical thinking required of
solving the discussion questions and being exptws#te thinking behind their peers’ solution
methods. However some students felt a sense sifditton when the answer to the discussion
guestion wasn't directly provided in the on-linel®#os. Many students reported anxiety at being
asked to answer questions in front of their peadsfeustration in having to listen to incorrect
responses. Several suggested that the classdretgive to work on them in teams, but that the
instructor provide the answers during the reviewquke

Table 4 Student Response to In-Class Activitiescssion Questions

Strongly Agree Neither Disagree Strongly

Agree Disagree
The discussion questions aided my | 1 5 0 0 1
understanding of the course material
Having the discussion questions in | 2 4 1 0 0

advance helped me to better utilize the
video lectures.
Working with a partner to answer 1 5 0 0 1
discussion questions aided my

understanding of the course material
Answering discussion questionsin | 1 1 1 2 2
front of class aided my understanding
of the course material.
Hearing other groups’ answers to 1 3 0 0 3
discussion questions aided my

understanding of the course material
| prefer the use of discussion question8 2 2 1 2
as compared to live-lecture.
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| would recommend that this course | 1 3 1 1 1
continue to use discussion questions
an instructional tool.

Of the instructional techniques implements, groolpieg of the practice exercises was the most
highly evaluated by the students. Table 5 sumradrs&tudent responses. Open ended feedback
revealed this enthusiasm to largely be driven leyptbrceived correlation between practice
exercise problems and the questions appearingeomiti-term and final exams.

Table 5 Student Response to In-Class Activitieactre Exercises

Strongly Agree Neither Disagree Strongly

Agree Disagree
The practice exercise aided my 0 4 2 0 1
understanding of the course material
Having the practice exercises in 1 4 3 0 0

advance helped me to better utilize the
video lectures.
Working on practice exercise before | O 5 2 0 0
class aided my understanding of the
course material.

Answering discussion questionsin a| 6 1 0 0 0
group setting aided my understanding
of the course material.

| prefer the use of practice exercises 0 3 1 2 1
compared to live-lecture.
| would recommend that this course | O 4 2 0 1

continue to use practice exercises as an
instructional tool.

In the assessment of Post-Class activities (Tahleddnework was identified as the most
effective, with homework quizzes scoring similarinterestingly, open ended comments
revealed a strong divide on the subject of the 4pinjects, with approximately half of the
students expressing enthusiasm for the projeclisyatoi link class-work with real world
problems and the"2half feeling them to be a waste of time.

Table 6 Student Response to Post-Class Activities

Strongly Agree Neither Disagree Strongly
Agree Disagree
The homework aided my 1 6 0 0 0
understanding of the course material
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The homework quizzes aided my 0 6 1 0 0
understanding of the course material

The projects aided my understanding 0 3 2 2 0
of the course material
The mid-term and final aided my 1 2 3 1 1

understanding of the course material

5. Conclusion

The primary motivation to flip a classroom is tgprave student learning by increasing the
students’ engagement with the course material,gtiynbe re-arranging lecture time to facilitate
active learning strategies that would otherwis¢doetime consuming to implement in a lecture.
Although flipping introduces increased flexibilityto otherwise crowded 50-minute lectures,
flipping should not be viewed as a method to ad@yaificant amount of additional topics to a
course, although it does enhance the ability toudis engineering applications and place course
content in a real world context.

Once a course has been chosen for flipping, a éianipinking must occur in both the

instructor and the students. Instructors mustfolyeevaluate their course learning outcomes
and make sure that lecture material, learning dietsy labs, and assessments work together in a
closed loop system, with multiple types of feedbticthe students integrated throughout. This
change in paradigm, coupled with the increased lwatkof creating lecture videos, is time
consuming to prepare and can result in course @Bpa times several times longer than for
traditional lectures. Additionally, the coursetmistor must become comfortable with what can
often feel like a very chaotic learning environment

Regarding students, the approach implemented wasveowvhelmingly viewed as positive.

Many are used to “chalk and talk” lectures and factive learning uncomfortable. Having to
take responsibility for their own learning expedercan feel like additional work, and “aren’t
they paying for the instructor to do that?” Theref students who have not been appropriately
scaffolded prior to the course flip may-not “knoawhto learn”, and this is a required skill in a
flipped course. Although anecdotal, an implemeoiadf the flipped method by the same
instructor in a 2 semester junior level course has been met whiehter enthusiasm by the
students. This contrast in in flipping higher leaald introductory courses suggest that it is better
applied to junior and senior level courses. HowgNehould be noted that the sample size of
this work is from seven respondents, which is aomlanitation of the findings.

Once implemented, flipping is not a panacea foitthditional passive learning environment.
Although many students were actively engaged,rtigamentation of the flipped classroom
chosen for Modern Energy Systems essentially madgbssible for students who had not done
the preparation work in advance to participatelass, and thus they lost out on the prior
instruction and the active learning. Additionallye approach seemed to work well with
outgoing students, while more introverted studetgarly struggled with the required
interpersonal interactions. Although the implemdrgating strategy was successful in
motivating the majority of students to preparediaiss, almost universally students felt it was
unfair that they be graded on the discussion questias they were not given sufficient time to
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review information provided in the short in-classiews. This was despite the low-stakes
assessment mechanism, suggesting students haalediffreulty getting past the “points
system” that is ingrained by many high schools.

This implementation was the instructofselkperiment with flipping, so the results are bithbg
inexperience with the method, as well as the preshomentioned limitations. Ultimately, the
experience proved to be an exciting way to teacti,vehether students indicated it via survey or
not, they were definitely more engaged in class fir@vious semesters, and the method holds
promise for having significant positive impactssindent learning if properly implemented.
However more effort is needed to match the tectesaised to the comfort level and capabilities
of the students, particularly the total replacenadntaditional lecture with video lecture which
may have been more successful if a hybrid apprbadibeen utilized.
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