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Abstract—The interactive technical electronic book,
TechEBook, currently under development at the University
of Central Florida, provides a useful tool for engineers and
scientists through unique features compared to the most
used traditional electrical circuit textbooks available in the
market. TechEBook has comprised the two worlds of
classical circuit books and an interactive operating platform
that can be run on mobile devices, laptops and desktops
utilizing Java Virtual Machine operator. The TechEBook
provides an interactive applets screen that holds many
modules, in which each had a specific application in the self
learning process.

In this paper the main goals and objectives behind the
MelLearning concept will be identified. The paper will
describe the differences between the traditional curriculum
delivery and the MeLearning concept in details
accompanied by the main tools used and a description of the
different modules features.

Index Terms— Design Modules; Electrical Circuits;
Interactive book; MeLearning; Practical Relevance Module;
QuizMe; TutorMe.

I. INTRODUCTION

The interactive TechEBook consists of 16 chapters with
a total of 75 sections representing typical content for the
introductory circuit course at most universities in the
world. Each section discusses a new theory and concept
supported with examples and problems [1]. Different
topics are presented in the discussion text that provides
full understanding of the concept. At the end of each
section, QuizMe Modules are provided to quiz the
students’ understanding of the section [2]. Also, TutorMe
Modules are intended to help understand basic concepts in
a step-by-step manner [3, 4]. Design Modules (DM) are
intended to help students develop their ability in designing
real life problems and to link the theories they study in
books with real design challenges, while the Practical
Relevance Modules (PRM) are set to enhance the students'
capacity to think about real life problems and also to teach
them how to relate the theories they have learned with
practical applications. The SymCirc Symbolic Solver
operates as a standalone web application, or as a utility
integrated with the TechEBook, and allows users to get
symbolic transfer functions and time domain expressions
for any circuit with switches, which will enhance the
user’s capabilities to build a circuit, run a simulation, and
obtain results in simple time domain functions [5].
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Il. MELEARNING

The 21% century with the easy global access to the
internet and the new You-Tube generation provides an
unprecedented technological advantage and mandates that
we change our education delivery; prepare our engineers
to work across disciplinary boundaries and geographic
boundaries in integrated teams that include designers,
manufacturers, test personnel and others. Hence, we must
change our pedagogical viewpoint and provide
educational experiences that will match future needs [6].

Recognizing that the technology of the 21st century
provides us with this unique opportunity to transform our
education delivery system, this paper provides a modern,
media-rich innovative approach to a topic-driven modular
electrical engineering (EE) curriculum, which is called
MeLearning. As noted by the NAE, “the delivery of
instructional material is an important part of personalized
learning”. This paper introduces a paradigm shift,
replacing the traditional EE course curriculum with topic-
driven modules, offered outside the semester-limiting
schedule. The instructor role will be that of a facilitator of
learning and a mentor, providing higher level education
interaction with the students on a regular basis. The
MeLearning delivery system recognizes that every student
approaches learning in a different way, some are self-
motivated and self-driven, some learn by example and
problem solving, some need extra guidance, etc. A media-
rich ‘intelligent” modular delivery system becomes an
important part of personalized learning and provides a
closely articulated relationship between the outcomes and
the level of achievement and assessment.

The MeLearning concept will take a major leap in
educational delivery of engineering education and will
facilitate learning at a pace specific to the learner without
the constraints of a fixed time span — semester or quarter,
currently specified in our curricula. The modular concept
has several advantages over the traditional time-
constrained course delivery: (i) Creation of thematic and
stand-alone modules will allow us to set different
performance expectations for different themes in a
semester-long course (ii) By allowing students to
complete the module at their own pace, the modular
learning caters to the diverse learning styles of students —
students who have non-auditory learning styles do not
need to settle for 50-minute passive lectures to learn
important concepts (iii) Because of (ii) above,
performance levels tend to be consistently high even
among a group of students with diverse learning styles, as
opposed to a Gaussian distribution of performance levels
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in the traditional semester-constrained classes (iv) With a
flexible pace of module completion, faculty-student
interactions become more effective in the learning
process; students needing longer times to complete a
module will have more access to faculty whereas students
who are blessed with learning styles that facilitate quicker
learning are not unnecessarily slowed down by their
slower-learning counterparts; in other words, flexible
modular learning customizes the faculty-student
interactions to suit the needs of the learner (v) Through the
use of current technology, content creation, reuse,
delivery, assessment, and evaluation can be made much
more flexible and a learner centric educational system can
be created.

I11. MAIN DRIVERS, GOALS AND OBJECTIVES

Attempts to move away from the traditional classroom
delivery format, allowing for flexibility in the curriculum
and developing dynamic curricula to infuse new ideas
have been made at various institutions [7, 8]. Modular,
flexible curricula have been proposed for computer
science in Europe and in the US [9, 10]. The Synthesis
Engineering Education Coalition, funded by NSF, studied
the design, implementation and assessment of new
approaches to undergraduate engineering education. Eight
diverse universities were a part of this Coalition and their
emphasis was on teamwork, communication, open-end
problem formulation and solving multidisciplinary
synthesis and examples of ‘best practices’ from industry.
The Synthesis Coalition was a pioneer in developing
multimedia courseware and evaluation and the effective
use of education technology. They developed the National
Engineering Education Delivery System (NEEDS) to
facilitate discovery and sharing of engineering
courseware. Connexions (cnx.org) is a site where authors
can create, collaborate and share learning materials or
modules. The MIT open courseware system is a very
popular step in this direction, using You-Tube and modern
technology to meet learning and education needs of
diverse groups of students worldwide.

By providing a wide range of entry and exit points
within the modular curriculum and continuous access to
prerequisite resources, the student has greater flexibility in
tailoring his/her individual program. The modular
curriculum is more adaptable to the different needs of the
program and several continuum paths can be identified for
the student’s choice. Redundancy of topics that exists in
the traditional curriculum can be reduced significantly or
eliminated for those who do not need the reinforcement;
the modular framework allows accelerated learning for the
high achievers. This can be translated into shortening the
time to graduation and/or allowing time for design and
research.

Such an evolutionary change in the education delivery
approach requires organizational and institutional support
and cooperation. Inherent dilemmas exist in the initial
adoption of such a system and raise questions related to
teaching loads, scheduling, time-constraints, tuition,
‘ownership’ of modules by departments etc. The College
of Electrical Engineering and Computer Science (CECS)
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at the University of Central Florida (UCF) is fully in
support of the TechEBook modular approach to the
Electrical Engineering curriculum.

The main goals and objectives of the MelLearning
initiative can be summarized as:

e Goals: The goals of this MeLearning concept are: (i)
develop and adopt several modules for electrical
engineering  education delivery that provide
personalized learning (ii) assess student performance
via performance assessment at specific levels defined
in any given module (iii) improve content delivery
through continuous student feedback and appraisal .

e Objectives: (i) Develop several modules that
correspond to two topics in the first electrical
engineering course on electric circuits (ii) Assess the
student performance within the MeLearning delivery
program at specific bench-marking points and
compare results with those of students in a control
group (non-MeLearning electrical engineering
students) (iii) Disseminate the results through
publications and presentations.

IV. CREATING LEARNING MATERIALS AND TEACHING
STRATEGIES

A. MeLearning Approach vs. Traditional Curriculum
Delivery

In a MeLearning curriculum delivery system, the
student will benefit through a more flexible selection of
curriculum topics and a more efficient system of
individual assessment. Table 1 presents a comparison of
various educational issues in the MeLearning environment
versus the traditional classroom delivery.

B. Pace vs. Performance

Arguably, one of the most educationally valuable
aspects of a variable time sub-semester modular
curriculum is the paradigm shift in fixed duration -
variable performance restriction that exists in the
traditional academic environment. By inverting the
dependence, a fixed performance - variable duration
system may be created. In the MeLearning system, each
course concept or topic is covered within the duration
necessary to achieve mastery of the course material. This
concept is illustrated in Figure 1. However, not all
students will achieve mastery at an “A” level, since the
mastery threshold level is set by the module objectives.

The education benefits of this shift are available to all
students, but impacts students at the extremes of the
aptitude distribution more dramatically. Students who
excel in the modular coursework may proceed to
graduation at a quicker pace and more quickly continue to
graduate school or find employment. At the other extreme,
students who have difficulty in mastering engineering
academic work may now take the time necessary to gain
competency in contrast to being forced, in the semester
system, to continue with addition subject material. All
students who have their semesters disrupted by personal
or work related absences will benefit as well.
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TABLE I.

COMPARISON OF THE MELEARNING ENVIRONMENT TO THE TRADITIONAL CLASSROOM DELIVERY

Metric

MelLearning

Traditional Classroom

Content Discretization

Topic driven modules which are 3-9 hours in length
which are independent and assessable.

Each current course consists of 45 hours (3 CH) of lecture
with multiple assessments that are averaged for a
combined grade. Students can fail to comprehend 30% of
the material and still receive a grade of “C”. Courses
represent a coarse level of granularity.

Curriculum Flexibility

Students will be able to select modules which are
more finely defined and more diverse in topics.

Currently only 10 CHs of technical electives are available.

Curriculum Reuse

By using stored content, faculty can continually
improve topical content and use classroom time for
interactions with students.

Every semester the same course content is delivered to a
new group of students. Lack of sufficient time for
improvement of quality.

Remediation

Students who do not master a topic must repeat the
topic through the use of existing content

Students are on their own, or they must repeat an entire
course.

Student Tracking

Software Based

Manual or MyUCF

ABET (Accreditation Board for

Online or web assisted assessment meets the need for

Group in-class exams require considerable effort to extract

Engineering and Technology,

Inc.) performance.

individual assessment and accumulation of student

individual assessment data as needed for ABET.

Pace versus Performance
A Traditional
MelLearning Delivery

Ho G

— o e

Performance

o
| 5
:l-_—> Time

Single Module Duration
’ 1-8 Weeks 15 Week Semester

Pace

Figure 1. Shift in educational paradigm on pace and performance

V. DESCRIPTION OF MODULE FEATURES

A. TutorMe Tool

An interactive, individualized, electrical circuits
tutoring (TutorMe) tool is developed to help students learn
key concepts in electrical circuit analysis methods. This
tool will guide the student through a step-by-step analysis
of common electrical circuit problems. In each step, the
tool prompts the student to enter a formula that best
describes the current step in the analysis method. Then,
the tool responds with personalized feedback that is
dependent on the user’s formula. Through the feedback
process, the tool targets all lexical and analytical errors in
the user input. The tool compiles a list of errors and
warning messages that are reported back to the student.
Trials and interactive elaboration on errors allow the
student to better understand the targeted concept in circuit
analysis. The modular and template-based design for the
tool allows the instructor to add and modify key problems.

Since it is difficult for a professor to effectively
evaluate the comprehension level of each student, highly
personalized instructor-student tutoring could result in a
delay of class material. With the TutorMe tool, students
will be able to solve problems and obtain the same type of
specific feedback they would receive from the class
instructor. The TutorMe will not only inform the students
if their input to a question was right or wrong, it will also
specify what type of error was made in the symbolic
equation. More importantly, each student learns at his/her
own pace, based on their individual learning styles.

Figure 2 shows the main screen of the TutorMe tool.
The user selects the circuit example of interest from the
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dropdown menu which is designed such that the instructor
can add circuits easily. The user then can walk through the
example step by step using the navigation buttons. Each
step provides the needed description and the associated a
circuit image, and if applicable, an input box for the user
equation is displayed. The output box at the bottom of the
TutorMe window shows the results of the parsing and
analysis operation. This box mainly displays all errors,
warnings, and success messages generated during
processing. Finally, a screen that allows the user to solve
the circuit numerically is given as an option for the user
once the last step of the problem is passed.

B. QuizMe Tool

QuizMe is an advanced quizzing tool to assess the
student’s understanding of the electrical circuit concepts
and help instructors to evaluate the student’s performance
and track their improvement. The tool is adaptive in the
sense that the question’s difficulty level adapts to student
performance, the more the student scores the more
difficult the questions get. Finally, the module is designed
around the self-learning theme, it displays instant
feedback to the students along with the correct answers so
that the students can use the tool by their own to practice
and improve. The QuizMe main interface is shown in
Figure 3.

The users of the QuizMe are students and instructors.
Instructors can design quizzes with a variety of built-in
options, such as number of attempts, adaptive testing, and

Choose Circuit

Mesh Analysis - 1 of 5 [Right-Click to change circuit]

We are to solve the following circuit using the
Mesh Analysis method.

Choose Circuit » Chapter 1
Chapter 2» Section2.1% Mesh Analysis
Chapter 3 » Mesh Analysis - 3 Loops

Chapter 4 » Equivalent Resistance

Back Next

Figure 2. TutorMe main screen
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The comrect KCL equation applied at nodal voltage vb is given by:

A

Figure 3. QuizMe main interface

Module 1

Difficulty Level: 1
ner

Concept 1

Dafinition of 5 noda

Module 4

Nodal Analyis Concept 2

Concept n

Difficulty Level: 4

Module 20 Galculating Voltage.

The collection of
a

Each module is
divided into many
of

Each module
has a pool of
questions

fzed by
the module’s
concepts

covers one main
topic.

Figure 4. QuizMe questions pool

questions selection criteria. They can also add, remove, or
update questions and images, as well as decide the length
of the quiz. Finally, the instructors can access the
students’ records, grades, and answers to evaluate their
performance, and generate performance and grade report
for their classrooms. Figure 4 shows a detailed diagram
for the QuizMe questions pool, it shows how the QuizMe
questions in a module are divided into sections, with each
section containing set “Concepts” based on specific ideas
introduced in the module. Each concept in turn contains
sets of questions grouped based on the difficulty level; in
this example each concept contains questions in four
increasing levels of difficulty. The QuizMe tool is able to
access this large pool of questions and filter them to create
quizzes suited to the student’s needs and ability.

C. Design Modules Tool

Most electrical engineering books tend to be abstract
and have very limited design examples and problems. The
Design Module (DM) tool will be used to help students
understand the topic being discussed and to make sure
they have a complete understanding of the theory. It will
be a collection of electrical engineering problems relevant
to the module and will support the theory with better
insight and clarity. Each design tool will have four design
problems that will have different difficulty levels. The
idea is to allow students at all academic levels to be
exposed to the same electrical engineering concepts at the
difficulty level they can comprehend. The purpose is to
cover large range levels of student understanding.
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The DM includes solving for different circuit
parameters to satisfy a certain condition. This will
improve the students’ ability to design the circuit in many
different ways to enhance their engineering sense.

D. Practical Relevance Tool

The objective of this tool is to enable students to
interactively learn engineering concepts through practical
applications of the theory. The practical relevance
exercises will be dynamic with animation features and the
ability for students to enter various values for formulas,
which in turn will be dynamically used to convey a variety
of results for the specific topics. The Practical Relevance
Tool provides engineering students with an understanding
of the practical application of the abstract theories by
solving real-world examples and problems. Moreover, this
tool will be highly interactive with illustrated animations.
The tool will present real-world applications, relate the
application to the scientific theory being studied, relate the
application to a real product in the market, and provide an
interactive applet to show how the application works
under different parameter variations.

Almost all of today’s consumer electronics products on
the market are designed based on a technical area in the
field of electrical engineering. These areas include
electrical circuits, electromagnetics, analogue electronics,
controls, digital electronics, digital signal processing,
digital and analogue filters, digital and analogue
communications, computer  architecture,  sensors,
networking, power electronics, power systems, optics and
photonics, lasers, antennas and satellites, machines, and
drives. Ultimately, the electrical engineering concepts that
use the technical areas listed above are used to develop
new technology and products: cell phones, MP3 players,
CD players, DVD players, TVs, radios, computers,
calculators, displays, cars, planes, trains, motorcycles,
ovens, refrigerators, dishwashers, microwaves, power
outlets, air conditioners, power supplies, lamps, and
lawnmowers. Each of the above products can be used to
generate many real-world examples that use the technical
areas mentioned above.

One example of a practical relevance scenario is the
voltage amplifier circuit, which is mainly used in
consumer electronics and communication applications
such as radios, TVs, cell phones, satellites, VCRs and
DVDs. In this practical relevance example for the mesh-
current analysis method, a typical voltage amplifier circuit
that may be used in radios to amplify a weak voltage
signal would be discussed and key findings, i.e. voltage
gain will be computed in detailed steps.

E. Symbolic Circuit Solver Tool

The Symbolic Circuit Solver (SymCirc) is one major
component of the TechEBook currently being developed.
The main objective of including this module is to provide
engineering students in the electrical circuit classes with a
more robust understanding of the electrical network theory
through building and designing real time examples.

The SymCirc Symbolic Solver provides all simulation
results as Time domain expressions composed of the basic
functions that exclusively include exponentials, sines,
cosines and/or t raised to any power. One big motivation
for taking the symbolic simulation route is the fact that for
circuits with switching components, convergence
problems are avoided, since elements are represented as
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Figure 5. Graphical user interface front end for SymCirc

symbols rather than numbers. Also subsequent simulation
of the same circuit with different parameter values is
much faster, due to the fact that the system of equations
representing the circuits need not be solved more than
once. The SymCirc develops a versatile symbolic based
linear circuit with a switches solver. The solver works by
accepting a Netlist and the element that the user wants to
find the voltage across or current on, as input parameters.
Then it either produces the plot or the time domain
expression of the output. Frequency domain plots or
Symbolic Transfer Functions are also produced. The
solver gets its input from a Web-based GUI circuit drawer
developed at UCF. Typical simulation tools that electrical
engineers encounter are numerical in nature, that is, when
presented with an input circuit they iteratively solve the
circuit across a set of small time steps. The SymCirc
graphical user interface front end is shown in Figure 5.

VI. CONCLUSION

The MeLearning project will take a major leap in
engineering education and will facilitate learning at a pace
specific to the learner without the constraints of a fixed
time span — semester or quarter, currently specified in our
curricula. This paper, addresses the TechEBook objectives
and the advantages of the MeLearning concept. The main
tools used and a description of the different modules
features are also introduced.

The main purpose of the TutorMe technique is to
provide a well defined step-by-step interactive problem
solving that will help in testing the user understanding of
key concepts in each main section presented by the
TechEBook. While the main purpose of the QuizMe
technique is to give a well established and fair feedback,
and give different ways on how to improve in any certain
subject. The PRM and DM techniques are developed to
give a well understanding and a fair knowledge about
relating theories to real world applications, and to enhance
the engineering sense within students. As for the SymCirc
Symbolic Solver, it helps users understand the ultimate
nature of circuits as Linear Time Invariant systems with a
finite dimensional basis in the solution space by providing
all the simulation results as time domain expressions
composed of the basic functions. SymCirc will maximize
the students learning experience, in their self-learning
process (me-applying, me-designing).
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