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Abstract

Today many engineering instructors are struggling to include more course contents and exercises
within the limited class time. To address student-centered learning, and enhance student learning
and conceptual understanding, three engineering faculty flipped their classes so that students can
study concepts online at their own pace and more active learning can be implemented in the class
time. The online content module consists of audio/video lectures, lecture slides, and online
quizzes. Students may begin module study as soon as the content is available. Online quizzes
are used to check understanding of key study points in the lecture slides after their self-study
within allocated time. Instructors will assist in student’s exercises or assignment problems in
class time and clear their questions they have in their online self-study. It is believed that self-
study will encourage more questions and this increased communication between students and
instructors will promote student’s understanding and class involvement.
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Introduction

Both the American Society for Engineering Education! and the National Academy of
Engineers? have called for education reform that focuses on developing engineering graduates
that are self-learners and problem-solvers. The idea of the flipped classroom is to train students
to be self-learners, to study concepts before the class, and to dedicate more classroom time to
learner-centered activities so that immediate feedback and assistance can be provided to the
students®>. Figure 1 shows Venn-diagram of several learner-centered learning theories and
methods. Bishop and Verleger did a comprehensive survey of prior and ongoing research of the
flipped classroom®. They pointed out that a flipped class is different from an online class because
it still involves face-to-face class time with the instructor and it emphasizes interactive group
learning activities during the class time. Especially in today’s world, it offers students computer-
based individual instruction and requires them to finish closed-ended quizzes and exercises
online’. Instructors will clarify and reinforce the misconceptions through group-based interactive
learning activities in the class based on the online assessment that is collected®1°,

To address student-centered learning, and enhance student learning and conceptual
understanding, three engineering faculty members did a pilot study of the flipped classroom on
three engineering courses which includes Graphical Communications (EGR120), Statics
(ES201), and Digital Circuit (EE203) at a private institution in the southeast in Fall 2015. The
objective of the study was to incorporate the flipped classroom as part of the course to examine
student’s perception on flipped classroom design.
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Figure 1. Venn diagram of several learner-centered learning theories and methods.
Course Structure

Students are required to view the lecture contents, as a series of about 10 minutes long
video online and finish the quizzes after the online study. The videos cover the course concepts.
Once students fully understand the concepts, instructor can use most of class time to work with
the students interactively to solve engineering problems. Instructor gives a brief 10 minutes
overview of the lecture material at the beginning of the class. Students, then work on the exercise
problem in the class, with the assistance of the instructor if needed. Once all problems are solved
correctly by all and clear demonstration of the understanding is given to the instructor. Students
will be allowed to use class time to work on homework problems.

Results

To understand students’ perceptions of the flipped classroom, an anonymous midterm
survey was administered by Center for Teaching and Learning Excellence (CTLE) at the
institution in each semester. Over 80% students (n=100) from three courses completed the
survey. Table 1 shows the time students spent online doing the study by themselves. Depending
on the difficulty level and instructor’s requirements, the time students spend online varies by the
course. Table 2 describes if students like the flipped class format comparing to the traditional
lecture format. Over 68% students from three courses preferred flipped class format. Table 3
summaries if students put their best effort into online study. At least 55% students agreed that
they put their best effort into online study. Table 4 indicates the confidence level of students after
the online study. At least 73% students from all three courses showed certain level of confidence
after the online study. Table 5 concluded that at least 61% students from three courses would like
to continue the flipped classroom format for the rest of the semester.

Table 1. Survey question 1 responses

How long does it take you to finish each online study? (n=100)
Course <lhr 1hr > lhr

EGR120 (n=45) 38% 31% 31%
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ES201 (n=22)

86%

9%

5%

CEC220 (n=33)

3%

21%

76%

Table 2. Survey question 2 responses

How would you compare the flipped class format to the traditional lecture format?
Course I like it Sort of I do not like it
EGR120 (n=45) 38% 42% 20%
ES201 (n=22) 41% 27% 32%
CEC220 (n=33) 36% 39% 24%

Table 3. Survey question 3 responses

Comparing the flipped class to the traditional class, how do you evaluate these: [I studied and
put effort into this course]

Course Strongly agree Agree Neutral Disagree  |Strongly disagree
EGR120

(n=45) 24% 49% 16% 4% 7%

ES201

(n=22) 32% 23% 27% 5% 14%

CEC220

(n=33) 39% 42% 9% 3% 6%

Table 4. Survey question 4 responses

How confident do you feel about the material after online study but before coming to class to
do problems?

Somewhat confident but

Course Extreme confident need more help Not very confident
EGR120 (n=45) 27% 58% 16%
ES201 (n=22) 9% 73% 18%
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CEC220 (n=33) 12% 61% 27%

Table 5. Survey question 5 responses

Would you like to continue with the flipped course for the remainder of the
semester?

Course Yes No preference No
EGR120 (n=45) |60% 18% 22%
ES201 (n=22) 68% 0% 32%
CEC220 (n=33) [61% 0% 39%

The following are the comments from students regarding the flipped classroom approach (not
corrected for grammatical errors or spelling mistakes). Overall students prefer the flipped
classroom format. They like to preview the class materials online and get ready to do more active
learning activities in the class time. Shorter, rather than longer videos are preferred.

The online resources like powerpoints and whatever help because we usually look over it at home before
doing it in class, so we kinda get a preview and that helps. (EGR120 class)

By going over examples and then being able to start the homework in class. We can watch her do examples
and do them on our own as well. The study material being posted online was very helpful. (EGR120 class)
The attention to detail; online study guides/power point presentations; the in class examples. The two chances
to take the online quizzes at the beginning of the course was very helpful. (EGR120 class)

The videos have given an overview and the knowledge to the expected topics before class which is good as
it helped me to understand the materials better. (ES201 class)

I think reading/doing activities on the material before class is helpful. Having solutions to check our answ
ers. (ES201 class)

Going over the flip my class quizzes and then reviewing the material in class helps solidify the information
(ES201)

The amount of examples we do in class really help me get practice but take away from the learning time
leaving me with a sketchy understanding of most topics. (EE203 class)

The online videos were great. The quizzes online were useful too. The power points are fair but not that good
to study for a test. (EE203 class)
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e With the transition to an online learning basis, more time is available in-€lass to cover examples and answer
specific questions. When the material is easily understood through video lecture, this is highly effective.
(EE203 class)

o | did like the online videos and quizzes for chapter 3. If you don't understand something in the video. a quick
internet search can solve the problem. In class, if you don't understand something right away, | would miss
out on the new content while trying to figure out the old content.

(EE203 class)

Conclusion

A pilot study of the flipped classroom in three engineering course was conducted in Fall
2015. A midterm survey was administered to understand student’s perception in each course.
From anonymous student surveys we found that because of the flipped classroom, students like
to watching interactive videos than reading the textbook. Students preferred interactive class
time more than in-person lectures. In summary, the flipped classroom approach is effective if it
is used appropriately. It depends on interactive online classroom design, active learning in the
face to face classroom, and continuous improvement based on student input. A pilot study is
always recommended so that student’s perception can be collected and it can help design both in-
class and out-of-class activities in a right direction.
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