View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by Georgia Southern University: Digital Commons@Georgia Southern

Georgia Southern University

Digital Commons@Georgia Southern

Electrical & Computer Engineering, Department of

Electrical & C ter Engineering, Department of
-Faculty Research&Publications ectrica & ompu er ngmeerlng, epar ment o

6-14-2015

A Novel Peer-assisted Hybrid Flipped Classroom
Model Using Online Discussion

Rami J. Haddad
Georgia Southern University, rhaddad@georgiasouthern.edu

Youakim Kalaani

Georgia Southern University, yalkalaani@georgiasouthern.edu

Follow this and additional works at: https://digitalcommons.georgiasouthern.edu/electrical-eng-
facpubs

b Part of the Electrical and Computer Engineering Commons

Recommended Citation

Haddad, Rami J., Youakim Kalaani. 20185. "A Novel Peer-assisted Hybrid Flipped Classroom Model Using Online Discussion.” 2015
ASEE Annual Conference and Exposition Seattle, Washington. doi: 10.18260/p.23419
https://digitalcommons.georgiasouthern.edu/electrical-eng-facpubs/4S

This conference proceeding is brought to you for free and open access by the Electrical & Computer Engineering, Department of at Digital
Commons@Georgia Southern. It has been accepted for inclusion in Electrical & Computer Engineering, Department of - Faculty Research &
Publications by an authorized administrator of Digital Commons@Georgia Southern. For more information, please contact

digitalcommons@georgiasouthern.edu.


https://core.ac.uk/display/229011615?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://digitalcommons.georgiasouthern.edu?utm_source=digitalcommons.georgiasouthern.edu%2Felectrical-eng-facpubs%2F45&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.georgiasouthern.edu/electrical-eng-facpubs?utm_source=digitalcommons.georgiasouthern.edu%2Felectrical-eng-facpubs%2F45&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.georgiasouthern.edu/electrical-eng-facpubs?utm_source=digitalcommons.georgiasouthern.edu%2Felectrical-eng-facpubs%2F45&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.georgiasouthern.edu/electrical-eng?utm_source=digitalcommons.georgiasouthern.edu%2Felectrical-eng-facpubs%2F45&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.georgiasouthern.edu/electrical-eng-facpubs?utm_source=digitalcommons.georgiasouthern.edu%2Felectrical-eng-facpubs%2F45&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.georgiasouthern.edu/electrical-eng-facpubs?utm_source=digitalcommons.georgiasouthern.edu%2Felectrical-eng-facpubs%2F45&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/266?utm_source=digitalcommons.georgiasouthern.edu%2Felectrical-eng-facpubs%2F45&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.georgiasouthern.edu/electrical-eng-facpubs/45?utm_source=digitalcommons.georgiasouthern.edu%2Felectrical-eng-facpubs%2F45&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digitalcommons@georgiasouthern.edu

122nd ASEE Annual
Conference & Exposition
é June 14 - 17, 2015
Seattle, WA
Making Vabie for Socie
al Y

A Novel Peer-Assisted Hybrid Flipped Classroom Model Using Online Dis-
cussion

Paper ID #13620

Dr. Rami Jubrail Haddad, Georgia Southern University

Rami J. Haddad is an Assistant Professor in the Department of Electrical Engineering at Georgia South-
ern University. He received the B.S. in Telecommunication and Electronics Engineering from the Applied
Sciences University, Amman, Jordan, in 2004. He received his M.S. in Electrical and Computer Engi-
neering from the University of Minnesota, Duluth, MN, in 2006. He received his Ph.D degree from the
University of Akron, Akron, OH, in 2011. His research focuses on various aspects of optical fiber com-

munication/networks, multimedia bandwidth forecasting, Ad-Hoc networks, smart grid applications, and
engineering education.

Dr. Youakim Kalaani, Georgia Southern University

Youakim Kalaani is an Associate Professor of Electrical Engineering in the Department of Electrical En-
gineering at Georgia Southern University. Dr. Kalaani received his B.S. degree in Electrical Engineering
from Cleveland State University (CSU). He graduated from CSU with M.S. and Doctoral degrees in Elec-
trical Engineering with concentration in power systems. Dr. Kalaani is a licensed professional engineer
(PE) and an ABET Program Evaluator (PA). He is a Member of IEEE and ASEE and has research interests
in distributed power generations, optimization, and engineering education.

(©American Society for Engineering Education, 2015

1°8/'9¢ abed



A Novel Peer-Assisted Hybrid Flipped Classroom Model Using
Online Discussion

Abstract

In this paper, a novel flipped classroom model using a hybrid approach combining traditional,
flipped, and an online discussion for peer-assisted learning is presented. In this model, a
specifically designed set of lecture notes were prepared by the faculty teaching the course to use
in conjunction with online videos to supplement the students’ learning process. To initiate
discussions, students were asked to post their questions on an online discussion to trigger
interactions among themselves and the faculty outside the classroom. Based on the outcome of
these discussions, a 15-minute review lecture was prepared by the faculty to address the issues
that were raised during the student groups’ discussions. Following this brief lecture, the class
was turned into a studio environment in which students were able to put into practice what they
have learned inside and outside the classroom. Before the end of the lecture session, an online
quiz was administered to monitor the students' level of preparation and understanding of the
topics being covered. It was shown that the proposed model had succeeded in 1) establishing a
virtual peer-assisted learning environment outside-the-classroom, 2) covering more topics by
increasing the pace of learning, 3) improving the quality and complexity of the questions being
addressed, 4) providing a conductive platform to exchange creative ideas, and finally, 5)
increasing the students’ overall performance and success in the course. To validate these
findings, a quantitative and qualitative analyses were conducted using statistical assessment
methods. The effectiveness of this model was verified by assessing the students’ performance in
pre- and post-exams. Assessment results indicated that students subject to this study were able to
score significantly higher on post-exams than what they were previously able to achieve. This
demonstrated the improvement in the students’ performance level. Furthermore, all the
instructional tools that were developed and implemented in this hybrid classroom environment
were also presented and discussed in this paper.

Introduction

Recent studies have called for major pedagogical reforms to improve the quality of engineering
education by incorporative more active teaching stylesl. Modern teaching styles apply student-
centered learning techniques to effectively improve the quality of the learning process™.
However, in today's tightly packed engineering curriculum, the amount of lecture time that
faculty can afford to allocate to such active learning activities is very limited. In the early 2000’s,
the notion of flipping the classroom started to sound as a viable solution for such a problem*™°.
The effectiveness of active learning pedagogy and the huge technological advancements in the
area of educational technology were the key factors that made classroom flipping possible’.
Flipping a classroom has the effect of altering the dynamics of the learning process by switching
the role of the student from a passive to an active role. Under this model, the student is given
instructions to watch a set of short online videos about a specific topic usually outside the
classroom. In this model, the role of the instructor has switched from being a leader to a
facilitator. Therefore, classroom flipping has the advantage of extending the learning process
beyond the classroom walls and allowing students to learn at their own pace. Consequently, this
frees up lecture time and allows for more active learning activities to take place such as
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interactive discussion, collaboration, and problem solving thus keeping the students constantly
engaged in the learning process.

Flipping the classroom by substituting traditional lecturing with watching online videos has
shown to be an efficient mean of student learning®. However, this has the adverse effect of
eliminating the adaptive learning environment that the faculty has relied on to tailor their lectures
in the traditional classroom settings”. To the best of our knowledge this effect has not been
addressed in the flipped classroom literature. In this paper, a novel approach to create a virtual
peer-assisted learning “outside-the-classroom” environment is presented. To achieve this goal, a
hybrid model combining online videos and lecture notes tailored to fit various students’ learning
styles was developed to incorporate the interactive learning dimension into the flipped classroom
model.

Peer-Assisted Hybrid Flipped Classroom Model

This model was developed based on utilizing an online discussion component through the course
management software allowing students to virtually interact outside the classroom. The
advantage of such approach is to create a peer-assisted learning environment that did not exist in
other flipped classroom models presented in the literature. In this model, a detailed set of lecture
notes are prepared by the faculty teaching the course based on students’ feedback using the
online discussions.

These lecture notes are designed to supplement the online video for students who favor the
verbal learning style. The content list of the lectures notes for a Computational Thinking course
introducing Matlab for engineers is provided in Figure 1.

Lectures
Lecture 1 - Engineering Essentials ... L
Lecture 2 - Engineering Ethics ... 3
Lecture 3 - Engineering Communications ... 9
Lecture 4 - Introduction to Problem-Solving ... ... 15
Lecture 5 - Introduction to Matlab Environment ... ... 19
Lecture 6 - Matlab Basics (Arrays & Variables) ... ... 27
Lecture 7 - Array Operations and Built-in Functions ................................... 33
Lecture § - Intmdun:tmntoPlumngandDebuggmg TS SUNURUSTUUNUR. J |
Lecture 9 - Logical Data Types ..o e 40
Lecture 10 - Conditional Statements .. ...t eaeeee. 33
Lecture 11 - More on Plotting in Matlab . R + & |
Lecture 12 - Structured Programming .. S b |
Lecture 13 - Data Modeling usmngear R:gressmn T UUSURUNPRUSURURPRUSRY I |
Lecture 14 - Introduction to Matlab Functions . S -
Lecture 15 - Other types of Matlab Functions . i eeeeeeeennnn. 87
Lecture 16 - Numerical Techniques (Random ‘*Iumbar Generatmnj .................. 91
Lecture 17 - Cell Arravs e AT
Lecture 18 - Structure Arrays . U L | & |
Lecture 19 - Structure Array Examples R { | 1}
Lecture 20 - Input/Output Functions ... ... 111
Lecture 21 - Image Processing ... 113

Figure 1- Computational Thinking course lecture notes
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10,11,12

For the “outside-the-classroom” component, MATLAB Marina online video lectures were

used in this Computational Thinking course as illustrated in Figure 2.

[ engineering.armstrong.edu/matlabmarina/index.htm

MATLAB Marina

Nawvigating the high seas of programming using MATLAB

Home Introduction ~  Fundamental Programming Concepts ~  Advanced Programming (oncepts ~  Applications ~

Overview [ o |

MATLAB Marina is a Virtual Learning Environment (WVLE) dedicated to the improvement of
student learning of programming concepts using MATLABE, a technical computing language. It
consists of several learning modules organized under the following areas: Fundamental
FProgramming Concepts, Advanced Programming Concepts and Applications. Each learning
module is designed to encompass the following through relevant content items:

1. Reviewing fundamental algorithmic concepts and MATLAE syntax through primers, list of
terms, list of MATLAE commands/functions and sample programs,

2. Demonstrating balanced, dual approaches to algorithm development and programming
using MATLABS IDE through multimedia tutorials and

3. Providing practice exercises and assessment tools.
The VLE is currently used as the primary resource for the following course: Computing for

. Engineers (ENGR1371) and as a supplement for the course: Computational Modeling
| (ENGR2010), both taught at Ar ong State University

Flease contact the Project Director Dr. Friva Goeser if you are interested in further information,
plan to use MATLAE Marina al:tn.rel\, or in other partnership opportunities.

Figure 2- MATLAB Marina Webpage

As part of this model, students were also instructed to post their questions online in a discussion
group with the purpose of initiating 2-way communication hub for students and faculty to
exchange ideas and ask and answer questions in an informal setting. Participation in this activity
was required and students were assigned participation grades based on each their activity. These
online discussions were necessary to help the faculty prepare a 15-minute lecture review which is
an integral part of this hybrid model. The lecture review was incorporated to provide interactive
discussion between students and faculty inside the classroom. After the lecture review, the class
was turned into a studio where students put into practice what they have learned and reinforced
through hands-on activities. An online quiz was administered towards the end of the lecture to
monitor the students' level of preparation and understanding of the topics being covered as a
mean of formative assessment. In addition, a formative feedback was implemented in the form of
bi-weekly anonymous Google Form survey to help faculty adapt the model to fit the students’
needs'*'*. The flow of this model is illustrated in Figure 3.

¥°'8/ 9z abed



Study Lecture Notes Watch Online Videos

Qutside-the-Classroom = l ¢' !

Post Questions & Answers on an
Online Discussion

v

Brief 15 min Review
{Main Topics, Questions)

.

Practice Lab

I

End-of-Class
Online Quiz

'

Mext Lecture — Submit a Lab Report

Inside-the-Classroom

Figure 3- Hybrid Flipped Classroom Model

Implementation and Evaluation

This proposed flipped-classroom model was implemented in a multi-disciplinary Computational
Thinking freshman-level course for engineering majors. This is a 4-credit hour course usually
taught over 16-week semester in which engineering students are exposed, for the first time, to
Computational Thinking and computer programming. The objective of implementing this model
was to maximize the students’ “outside-the-classroom” learning experience in addition to
providing in-class hands-on practice to a large population of engineering students. This hybrid
model was implemented by flipping the classroom, adding an online-discussion, and providing a
published lecture notes that goes hand-in-hand with all the topics covered in this course'”.

To quantify the effect of this model, the performance of the students involved in this study was
indirectly assessed in a pre- and post-assessment analysis. Within the first month of starting the
course, the conventional classroom model was used and then switched to the new hybrid flipped
classroom model for the remainder of the semester. A total of 25 students took part in the pre-
and post-exams. The results of the pre- and post-exams for all the students are displayed in
Figure 4. As shown, the students’ performance seemed to significantly improve using this model.
However, the improvement between the pre-exam and the first post-exam was not very
significant compared to the second post-exam. This is because the students had to adapt to the
new model before they became more efficient in utilizing the online discussion component and
the other components of this hybrid model.
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B Pre-Exam M Post-Exam_1 @ Post_Exam_2

Grade (out of 100)

9 20
Students 2122 23 34 56

Figure 4- Students’ Pre- and Post-Exams Grades

The normal distribution fit for the results of the pre- and post-exams is illustrated in Figure 5. As
shown, these distributions indicate a difference in the overall mean and standard deviation of the
pre- and post-exams’ grades. An important observation is that the distribution of the first post-
exam had a slightly higher mean value but larger standard deviation compared to the pre-exam.
This was referred to as the implementation phase, since the students had to adapt to the new
system. Not all the students in this phase were able to rapidly converge as indicated by the
increase in the standard deviation of the students’ grades. However, the detail guidance provided
by the faculty was instrumental in helping the students utilize the full potential of this model.
This supported the underlying hypothesis that the proposed flipped model can improve student
performance and provide an effective learning environment outside and inside the classroom.

0.05 Variable Mean StDev N
——— Pre-Exam . 78.18 10.62 25
— — - Post-Exam_1 ;7 s, 83.54 1346 25
004 || _____ Post-Exam_2 ,.' " 93.24 8932 25
i’ ‘\
+ 13
l' ‘\
r +
2 003 L= As s
L s i \\ ‘\
= s l‘ N ‘\
8 4 ' “~ LY
0.02 y ’ \
? A A}
4 [ A [y
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/, l’ N ‘\
Y
0.01 e A o
r 9' \\ \s
- ',’ ~ ook
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0.00 : . ===T : . . -
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Figure 5- Fitting the Pre & Post Exam Grades into Normal Distributions

9'g/"'9¢ abed



To verify and validate these findings, a thorough statistical analysis using the Minitab statistics
software'® was conducted. Our null hypothesis stated that there were no statistical differences in
the students grades obtained from the pre- and post-exams as a result of implementing this
model. To test this hypothesis, we used the General Linear Model to analyze our data using a
probability of error criterion with a significance level of 1% (p=0.01). The response variable for
this analysis was the students' grades obtained from three exams (pre-exam, post-exam 1, and
post-exam_2). Two main factors were considered in this analysis. The first factor is the treatment
effect modeled by the difference in the pre- and post-exams’ grades. The second factor is the
student effect modeled as a nuisance or blocking factor. The three-level treatment was the effect
of the hybrid flipped-classroom model before, during, and after implementation. The difference
among students was considered as a blocking factor to eliminate their induced variability to the
response variable. The analysis, as shown in Figure 6, generated a p-value less than 0.001 which
is over an order-of-magnitude smaller than the 0.01 criterion for significance. Therefore, the null
hypothesis can be rejected with a confidence level of more than 99.9% and conclude that there is
a statistically significant difference between the pre- and post-exams which validates the
effectiveness of the proposed model.

General Linear Model: Grades versus Exams, Students

Factor Information

Factor Type Levels WValues
Exams Fixed 3 Post-Exam 1, Post-Exam 2, Fre-Exam
Studentz Random 25 5td 01, S5cd 02, 5td_03, 5td 04, Std_05, S5td 04, Stcd 07, Stcd 08,

Std_09, Std 10, 5td 11, Std 12, Std 13, 5td 14, 5td 15, 5td 16,
Std_17, Std_18, Svd 19, Scd_20, Scd 21, Sud 22, Sud 23, Std 24,

3td_25
RAnalysis of Variance
Source DF Adj 55 243 M5 F-Value P-Value
Exams 2 2914 1456.76 28.58 0.000
Students 24 6526 271.91 5.33 0.000
Error 48 2447 50.97
Total 74 llgg6

Model Summary

5 E-3q E-sag(adj) R-sg(pred)
T.13944 75,42% 68.27% 49,.75%

Figure 6 — Outcome of the Two-way ANOVA Analysis

To further investigate this conclusion, a Fisher's comparison was conducted with a confidence
level of 99%. Figures 7 and 8 represent the outcome of the Fisher’s comparison. The outcome of
this comparison also supports our initial conclusion that the improvement in performance
between the pre-exam and the first post-exam is not very significant due to its 99% confidence
level (Only 97.34%). However the second post-exam demonstrate a significant improvement in
the students’ performance with a confidence level exceeding 99.9%.
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Fisher Pairwise Comparisons: Response = Grades, Term = Exams

Grouping Information Using Fisher LSD Method and 99% Confidence

Exams N Mean Grouping
Post-Exam 2 25 93.24 R

Post-Exam 1 25 83.54 B
Pre-Exam 25 TE.18 B

Means that do not share a letter are significantly different.

Fisher Individual Tesats for Differences of Means

Difference SE of Indiwvidual
Difference of Exams Lewvels of Meana Difference 99% CI I-Value P-Value
Pogt-Exam 2 - Post-Exam 1 g9.70 2.02 { 4.28, 15.12) 4.80 0.000
Pre-Exam - Post-Exam 1 -5.36 2.02 ({-10.78, 0.08) -2.65 0.011
Pre-Exam - Post-Exam 2 -15.08& 2.02 (-20.48, -9.84) -T7.46 0.000

Simultanecus confidence lewvel = 97.34%

Figure 7 — Outcome of the Fisher’s Pairwise Comparison

Fisher Individual 99% Cls

Differences of Means for Grades

Iif an interval does not contain zero, the :
corresponding means are significantly difj‘:erent
Post_2 - Post_1

Pre - Post 1

!

Exams

Pre - Post 2 |—o—|

O o

-20 -10 10 20

Figure 8 - Fisher’s Pairwise Comparison Graphical Representation of the Pre- and Post-Exams

Figure 9 illustrates the residual error plots of this statistical analysis. As depicted, the normal
probability plot of the residual error followed a normal distribution. In addition, all the other
plots supported this result indicating that the statistical model used was able to model the effect
of the treatments very efficiently and the residuals in this case represent pure random noise.
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Figure 9- Residual Error Plots for the Pre- and Post-Assessment Analysis

In addition, a qualitative survey was administered towards the end of the semester to determine
the students’ satisfaction level with the hybrid flipped classroom model. To ensure anonymity,
the survey was administered using Google Forms and was structured as follows:

e Rate the following statements using a scale from 0 to 10, 0 being absolutely disagree while
10 absolutely agree.

1.

2.

&

I believe that this course (with the new instruction model) was advantageous over the
traditional approach of instruction.

I believe that the online discussion component was useful in the learning process in this
model.

I believe that the review at the beginning of every lecture was helpful in clarifying any
outstanding misconceptions and allowed for more effective interaction with the professor.
I believe that this course was challenging.

Given the multi-disciplinary nature of the students of this course, I believe this model has
encouraged multi-disciplinary team work.

I believe that this model required more time spent outside-the-classroom studying.

I recommend that this instruction model would become a standard across all the other
courses.

Open-ended question:
e What did you like the most about this course?
e What would you like to see changed in this course and why?

The average results of the students’ survey are summarized in Figure 10. In general, the results
indicate the overall student satisfaction with this hybrid flipped classroom model compared to
the traditional classroom models that they are enrolled in concurrently.

6°8.°9¢ abed



Scale (out of 10)

Useful Course
Notes? Helpful Review?

10

8 8.96

6

4

2

0 -
Advantageous
Model? Useful Discussion?

Challenging
Course? Encourage Multi-
disciplinary? Require More
Time? Implemented in

Survey Question other Course?

Figure 10- Students’ Survey Results

Students agreed with 89.6% that they have seen advantages when using this model compared to
the traditional instruction model. In addition, they also indicated with 90.4% that the online
discussion component of this course was very helpful in improving the learning since it did
create an interactive virtual learning environment outside-the-classroom. As for the published
course notes, the students agreed with 92.8% that they were helpful in illustrating the various
concepts and providing extra examples and practice problems. They also agreed with over 91%
that the brief review session held at the beginning of every lecture was helpful in addressing any
misconceptions that they might had. Since this model was fairly new, being able to adapt to its
structure was by itself a challenge as indicated by the 80% response. Students also agreed with
over 97% that this model encouraged multi-disciplinary team work and interaction within this
course, which helped broaden the scope of knowledge application. On the other hand, the
students admitted with 98% certainty that this model required more of the students’ time outside-
the-classroom. This was the most common student “dislike” or concern mentioned in this survey.
With today’s students’ engagement in extracurricular activities, 75.6% approval rate to commit
to this model is quite satisfactory for the purpose of this study.

Conclusions

In this paper, a novel hybrid flipped classroom model with an online discussion component was
presented. The online discussion component of this model was able to create a virtual interactive
peer-assisted learning environment outside-the-classroom. The supporting lecture notes were
published especially to aid the delivery of the online video content of this course. This made the
model hybrid in nature lecture notes/video-based flipped classroom. This seemed to appeal to a
large population of engineering students’ learning styles. In addition, this model provided a level
of student ownership in the learning process which motivated them to perform better. The brief
in class review represented a capstone reflection of what the students’ were able to learn and
even help clarify any outstanding misconceptions through an effective student-faculty
interaction. The large part of the lecture time was spent on hands-on practice to reinforce the
concepts and principles learned. Furthermore, a pre- and post-assessments of the students’
performance were conducted. It was concluded that this model improved the students’ academic
performance since it maximized the outside-the-classroom learning and inside-the-classroom
hands-on practice. In addition, this model provided a unique multi-disciplinary team work and
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collaboration among students through online and in classroom discussions. All these results were
inferred using a statistical analysis with a 99% confidence level.

The results of this study reinforced the importance of collaborative learning outside-the-
classroom through virtual interactive environments. This active learning environment was able to
improve the flipped classroom model and added to it a new learning dimension. The hybrid
approach also helped cater to all the students’ learning styles including the visual and verbal
learners. However, one of the main challenges in implementing this approach is the students’
resistance to change especially if this change is time demanding for the students’ outside-the-
classroom.
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