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Abstract

This paper discusses an integrated approach to electrical-engineering education that

incorporates computer-assisted MATLAB-based instruction and learning into the

junior-level electromagnetics course and newly created learning studio modules

(LSMs). In this model, creativity class sessions are followed by two comprehensive

and rather challenging multi-week homework assignments of MATLAB problems

and projects in electromagnetic fields. This is enabled by a unique and extremely

comprehensive collection ofMATLAB computer exercises and projects, reinforcing

all important theoretical concepts,methodologies, and problem-solving techniques in

electromagnetic fields and waves, developed by one of the faculty team members.

These tutorials, exercises, and codes constitute a modern tool for learning

electromagnetics via computer-mediated exploration and inquiry, exploiting the

technological and pedagogical power of MATLAB software as a general learning

technology. The novel approach introduces students to MATLAB programming of

electromagnetic fields, as opposed to just passive demonstrations ofMATLAB's tools

and capabilities for computation and visualization of fields. MATLAB programming

tutorials and assignments are designed to deepen student engagement and

accommodate different learning styles so students can learn more effectively. In

addition to improving students’ understanding and command of MATLAB use and

programming within the electromagnetics context and beyond, these exercises

increase their motivation to learn and appreciation of the practical relevance of the

material, and equip them with the tools and skills to excel in other courses and

projects. The results of this project were qualitatively analyzed through feedback

surveys given to the students at the end of each MATLAB assignment. The

Electromagnetics Concept Inventory was also used.
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1 | INTRODUCTION

1.1 | Overview of pedagogical approach

Supported by a 5 year REvolutionizing engineering and
computer science Departments (RED) grant from the
National Science Foundation (NSF), a diverse team of
educators at Colorado State University (CSU) are implement-
ing a new approach to teaching and learning that reimagines
the roles of the faculty and moves away from the traditional
course-centric structure [5]. As described in the IEEE Access
article “A Holistic Approach to Transforming Undergraduate
Electrical Engineering Education” [25], our pedagogical
model builds on the concept of “nanocourses” to facilitate
knowledge integration (KI), a learning model grounded in
education pedagogy and supported by research. The approach
blurs the lines between courses because the faculty take a
systems view of the curriculum to identify the fundamental
technical concepts of an electrical and computer engineering
(ECE) education, independent of courses. These concepts are
then rearranged and organized into cohesive learning studio
modules (LSMs) to lay the groundwork for real-world
applications. Each LSM is self-contained and addresses one
anchoring concept and a set of sub-topics in a given core
competency area [5,25]. Although a departure from the
traditional course structure, LSMs still provide a path for
students to learn all the intended topics in a rigorous fashion.

Aiming to connect abstract concepts to the real world of
engineering, KI activities are then created to put learning in
context and illustrate the societal relevance of engineering
knowledge [5,25]. Serving as a mechanism for helping
students grasp the commonality and correlations between
core concepts across the curriculum, KI activities show
students how LSM fundamentals are integrated to form the
building blocks of a complex piece of ubiquitous technology.

1.2 | Creativity in the technical core of the
curriculum

While our 5-year RED project spans the entire undergraduate
program, special attention is given to the technical core, or
junior year, of the ECE curriculum. In addition to instilling
deep technical knowledge of the discipline, faculty are
working in partnership to interweave the following threads
throughout the curriculum to help students develop skills that
will allow them to thrive as engineers [25]:

1. Creativity thread—integrates research, design, and
optimization.

2. Foundations thread—illustrates why math matters in the
world of engineering.

3. Professional formation thread—emphasizes professional
skills deemed important by industry.

This paper dives into the creativity thread of the project,
sharing details about how the department is using learning
technology tools, in this case MATLAB, to enrich and assess
learning.

1.3 | Challenges of electromagnetics
instruction and learning

For the RED project, technical core material encompasses
signals and systems, electromagnetics, and electronics. This
paper focuses on the role and importance of electromagnetics
in the undergraduate curriculum, and the challenges of its
instruction and learning. It has been noted by several
researchers [2,6,19,41] that students have an opinion that
introductory electromagnetics is a difficult subject, and
instructors also find it a difficult subject to teach. Indeed,
while electromagnetic theory or theory of electromagnetic
fields and waves is a fundamental underpinning of technical
education, it is often perceived as the most challenging and
demanding course in the electrical engineering (EE) curricu-
lum. The material is extremely abstract and mathematically
rigorous, and students find it difficult to grasp, which is not
unique to any particular school/department, country, or
geographical region.

Researchers attribute the difficulty to three main factors:
(i) the use of vector mathematics, which some students can
view as rather abstract; (ii) introductory classes frequently
only cover very idealized situations that do not have true
physical applications; and (iii) realistic electromagnetics
examples in a laboratory setting are difficult to create.
These three issues create various problems derived from
commonly researched factors in engineering student
attrition and achievement. Dinov et al. [9] also point out
that classes that rely heavily on mathematics tend to miss
other learning modalities such as visual and active learning.
If the difficulty related to visual and active learning is not
addressed, it becomes an issue with the instructor/student
learning styles mismatch, as has been reported in multiple
studies [3,12–14,24]. In addition, if the realistic examples
and true physical applications are not presented in a way
that is both rigorous and relevant, students tend to lose
motivation [15].

1.4 | Understanding student learning styles

Learning styles are characteristic preferences for alternative
ways of taking in, and processing, information. The theory of
learning styles has been studied for decades, beginning with
Kolb's learning styles model in 1984. There are different
variations on learning styles, but Felder and Silverman's index
of learning styles (ILS) [13] is commonly used in engineering
education. They categorize five pairs of complementary
learning styles: sensing and intuitive; visual and auditory;
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inductive and deductive; active and reflective; and sequential
and global.

1. Sensing and Intuitive: Sensing learners deal with the
outside world through observing and gathering data
through the senses, while intuitive learners indirectly
perceive information through speculation and imagination.

2. Visual and Auditory: Visual learners use sights, pictures,
and diagrams, whereas auditory learners prefer sounds and
text.

3. Inductive and Deductive: Inductive learners prefer a
reasoning progression from observations, measurements,
data, etc., to generalities, that is, governing rules, laws, and
theories. Deductive learners prefer the opposite progres-
sion of inductive learning, going from the governing ideas
to explaining new observations.

4. Active and Reflective: Active learning takes place when
experimentation involves discussions, explanations, or
testing in the outside world. Reflective learners, mean-
while, prefer to go through these processes more
introspectively. Kinesthetic learning is another commonly
acknowledged modality of learning, where learners prefer
exploring through touching and interacting, but Felder and
Silverman consider this to be part of the active learning
style.

5. Sequential and Global: Sequential learners prefer the
standard layout of class content where the concepts are
introduced and learned systematically. Conversely, global
learners prefer to learn in fits and starts, needing to see how
all the pieces fit together before they canmake sense of any
small part.

1.5 | Importance of adapting instructional
methods to motivate learners

Although there is some debate on the effectiveness of
matching instructional methods to a student's assessed
learning style, there have been significant studies showing
that a mismatch in learning styles leads to decreased
performance and a higher attrition rate [3,12–14,24]. In
Seymour and Hewitt's study “Talking about Leaving” [39],
the data showed that grade distributions of students who leave
technical curricula are essentially the same as the distributions
of those who continue. Their findings revealed that some of
the higher performing students leave because of dissatisfac-
tion with their instruction. This fact was also recorded by
Bernold et al. [3] in their three-year, 1,000+—student study,
where they systematically tested the learning style prefer-
ences and behaviors of the students and tracked their
successes, failures, and paths throughout 3 years of the
engineering program. They found that students who had the
greatest mismatch in learning style preference versus the

standard teaching style preference (lectures) had the largest
attrition rate and the poorest grade point average (GPA), even
when the comparison was done through a Scholastic
Assessment Test (SAT) mathematics covariation. However,
as Litzinger et al. [24] note, students with any learning style
preference have the potential to succeed at any endeavor.
Learning styles and modalities are simply preferences that
dictate the ways in which people feel the most comfortable
learning. Felder and Brent [12] note that how much a student
learns in a class is governed in part by that student's native
ability and prior preparation but also by the compatibility of
the student's attributes as a learner and the instructor's
teaching style.

A large part of student performance is tied to their
motivation. College students, like all adults, have an issue
motivating themselves to study material if it is not applicable
to their lives or their future professions [31,42]. Ulaby and
Hauck [41] observed that students learning in the standard
lecture-style environment tend to doubt the usefulness of
learning the subject of electromagnetics as they cannot see
how it can be applied directly to other parts of the curriculum
and how it will benefit them once they graduate. The
cognitive science based study “How People Learn” [31]
recommends a model to mitigate this issue, which calls for
instructional activities to focus on the most important
principles and methods of a subject while building on the
learner's current knowledge and conceptions. The activity
should also utilize techniques known to promote skill
development, conceptual understanding, and metacognitive
awareness rather than simple factual recall.

1.6 | Background on computer-assisted
learning and programming in technical
education

Computer software has been used to aid student learning in
electromagnetics for quite some time [1,4,7,8,11,16,17,20–
23,26,32–38,40]; although this use has expanded in recent
years, it is not widespread yet and is not universally
implemented. AsMias [26] notes, computer-assisted learning
significantly improves the teaching of electromagnetics. He
goes on to discuss some of the currently utilized methods of
incorporating computer-assisted learning including: educa-
tional graphical interfaces for electromagnetic field visuali-
zation, the use of spreadsheet programs in solving
electromagnetic problems, the use of university and/or
industry-developed computational electromagnetics software
to solve real life problems and gain an insight on
electromagnetic field phenomena, and virtual laboratories.
These solutions, although they can be shown to improve
teaching, lack one specific task: programming. Mias [26] and
Read [35] discuss the advantages of utilizing programming in
electromagnetics instruction. They both note that the benefit
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of writing computer code is that it increases the students’ need
to understand fundamental field concepts of the problem
involved and the need to be able to obtain the conventional
analytical solutions of simple problems. Programming, as
well as the other methods of computer-assisted learning, also
brings in the possibility for design work, a core aspect of the
creativity thread within the RED project, in a way that was not
possible through traditional methods.

As another example of the effectiveness of computer-
assisted learning in engineering/science education, generally,
we look to the work by Dinov et al. [9]. In instructing several
statistics courses of various levels, these authors experi-
mented with a statistics online library provided by the NSF
called statistics online computational resource (SOCR).
While integrating this resource into their classrooms and
post-work did not result in statistically significant gains in
comparison to the traditional classroom, they did receive
much more positive feedback for the course through a
qualitative survey, and the retention rate of the supplemented
classes was significantly higher. This shows that even if
students do not learn more through programming, which is
contrary to what Mias and Read suggest, they still enjoy the
content matter more and are more willing to stick with the
class.

The use of programming in the current EE curriculum
generally follows the same trend in that students are
frequently only required to take a single programming course
at the beginning of their program. These courses, which are
generally offered through the university's Computer Science
(CS) department, teach students topics more related to CS,
such as sorting and searching, rather than topics that are better
suited to EE, such as matrix manipulation [19]. The students
are then expected to use these rudimentary, unrelated
programming skills to later program concepts such as vector
algebra and calculus, multivariable functions, three-dimen-
sional (3-D) spatial visualization, numerical integration,
optimization, and finite-difference and finite-element meth-
ods. This can be a struggle for many students without a
stronger background in matrix manipulation and calculus-
related programming.

1.7 | Utilizing MATLAB to deepen learning
and inspire creativity

To adapt our instructional methods to motivate students, and
address the learning considerations outlined previously, we
have chosen MATLAB® (by MathWorks, Inc., Natick, MA)
as the learning technology and modeling software language
for the creativity thread of the RED project. Evidence shows
that students find MATLAB easy to use [35], and it is
considered an important tool that ECE students and future
engineers need to use effectively. By having a single software
platform that is consistently used throughout the curriculum,

students gain proficiency with the programming environ-
ment, allowing them to shift their focus from learning
programming to understanding the technical content of what
they are programming.

This paper presents inclusion of computer-assisted
MATLAB-based instruction and learning in the electro-
magnetics course and LSMs of the RED project, where the
students are implementing the core LSM concepts they
learned into a “virtual electromagnetics testbed” using
MATLAB, as part of the creativity thread. The students are
taught “hands-on” electromagnetics through MATLAB-
based electromagnetics tutorials and assignments of exercises
and projects in MATLAB. To enable this, the lead author of
this paper has developed a unique and comprehensive
collection of approximately 400 MATLAB computer
exercises, problems, and projects, covering and reinforcing
practically all important theoretical concepts, methodologies,
and problem-solving techniques in electromagnetic fields and
waves [29], as amodern tool for learning electromagnetics via
computer-mediated exploration and inquiry. These tutorials,
exercises, and codes are designed to maximally exploit the
technological and pedagogical power of MATLAB software
as a general learning technology. Similar to the study done by
Dinov et al. [9], the results of this work are qualitatively
analyzed through a survey given to the students that recorded
their feedback about the integration of MATLAB in their
coursework. A preliminary report on this work appears in a
conference proceedings [30].

WhenMATLAB has previously been chosen as a platform
for computer-assisted learning [1,4,7,8,11,16,26,32,37,38], the
instructors frequently have created a graphical user interface
(GUI) or some similar interface that the students interact with
as opposed towriting their own programs.As discussed above,
programming forces students to think about the problem
logically and to pay attention to the details, while still having a
big picture of the problem at hand. Simply letting a GUI do the
calculations and imaging the results is not as conducive to the
learning process as the active process of programming
electromagnetics.

Note that the “creativity” term within this study should be
considered and appreciated in a broad sense. The “creativity
thread” of our RED project is an umbrella for a variety of
research, analysis, and design related activities that students
perform individually and in teams within the individual
courses and through projects at different stages in the
curriculum. Through this thread, we are attempting to inspire
and enhance not only students’ creativity but also a number of
other related, abilities and skills essential for their preparation
for the real world of engineering. Likewise, the link between
the “creativity” and the inclusion of computer-assisted
MATLAB-based instruction and learning in the ECE
electromagnetics course and LSMs as presented and
discussed in this work should be understood broadly, in
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multiple ways. Foremost, the “creativity” term linked to the
use ofMATLAB in electromagnetics classes here comes from
the context of this presented implementation, namely, as part
of the creativity thread of the RED project, and practically all
references to “creativity” in this paper are within this context.
In addition, MATLAB exercises can help the students
develop a stronger intuition and a deeper understanding of
electromagnetic field theory, examples, and problems, which
is a prerequisite for reaching other (higher) categories of
learning, including analyzing, evaluating, and creating.
Through MATLAB-based computer-mediated exploration
and inquiry, students can also invoke and enhance their
analytical, evaluative, and creative thinking about and dealing
with electromagnetic fields by exploring various “what ifs”
and bridging the fundamental aspects and applications
without being overwhelmed with abstract and often overly
complicated and dry mathematics of analytical solutions.
Furthermore, most programming tasks in support of scientific
and engineering computing are, arguably, creative to some
extent, and so is the proposed MATLAB programming of
electromagnetics performed by students, as opposed to a
passive computer demonstration. Finally, our MATLAB
problems are designed and assigned to help the students
develop and enhance their MATLAB skills irrespective of the
electromagnetics context, which can then be utilized in other
courses in the curriculum, as well as in research activities and
projects, and there even more closely and directly tied with
the innovation and creativity—for example, within design
work.

1.8 | Novelty and broader impacts of proposed
MATLAB programming of electromagnetics
in the creativity thread

Overall, the principal novelty of our approach is the
introduction of MATLAB programming of electromagnetics
performed by students, as opposed to passive instructional
methods. Our approach has a twofold goal for students as
learners: (i) gaining and solidifying their knowledge of
fundamentals of electromagnetic fields and (ii) building and
enhancing their understanding and command of MATLAB
syntax, functionality, and programming in the framework of
electromagnetics. Our approach attempts to capitalize on a
win-win combination of the pedagogical benefits of
MATLAB-based electromagnetics education and students’
computer-related skills and interests.

Another benefit of our approach is that it enhances
students’ MATLAB skills, which are used throughout the
creativity thread of our integrated approach to ECE education,
as well as in KI activities that span multiple courses across the
curriculum. In addition, some of the most important
pedagogical features of MATLAB related to the instruction
and comprehension of electromagnetic fields and other ECE

topics are its abilities to manipulate and visualize vectors and
spatially distributed physical quantities, numerically solve
problems, and use symbolic programming to reinforce
analytical solutions.

This paper shares examples of theMATLAB assignments
we delivered as part of the creativity thread. We also
demonstrate how these assignments engage a broad range of
learning styles, to include those students who do not thrive in
a lecture style learning environment, such as visual, active,
global, and inductive learners. We also illustrate how our
approach increases students’ motivation to learn, their
attitudes toward the subject, and appreciation of the practical
relevance of the material. Finally, our paper outlines how our
work helps the students develop and improve the understand-
ing and command of MATLAB use and programming, within
and beyond the electromagnetics context.

2 | METHODS AND
IMPLEMENTATION

2.1 | Introducing MATLAB programming of
electromagnetic fields in an electromagnetics
course

MATLAB-based instruction and learning was introduced in
ECE 341, the Electromagnetic Fields I course in the ECE
Department at CSU during the fall semester of 2016. This is
the first course of a mandatory sequence of two electro-
magnetics courses covering static and low-frequency (quasi-
static) electric, magnetic, and electromagnetic fields
(commonly referred to as a classical fields course) with the
second course in the sequence dealing with generation and
propagation of unbounded and guided electromagnetic waves
and transmission lines, namely, a waves course. The fields
course was integrated, through the RED project, with signals/
systems and electronics courses running in the same semester.
The five LSMs of the course are: LSM1 Electrostatic Field in
Free Space; LSM2 Electrostatic Field in Material Media;
LSM3 Steady Electric Currents; LSM4 Magnetostatic Field;
and LSM5 Low-Frequency Electromagnetic Field.

In creativity class sessions, students were given MAT-
LAB tutorials/lectures, with ample discussions of approaches,
programming strategies, MATLAB formalities, and alter-
natives. These were followed by comprehensive and rather
challenging multi-week homework assignments consisting of
MATLAB problems and projects in electromagnetic fields. In
addition to the creativity class lectures, each MATLAB
assignment included a number of tutorial exercises with
detailed solutions combined with listings of MATLAB code.
Even these exercises were assigned and graded, as their
completion required creation ofMATLAB programs from the
provided portions of code, actual execution of the program,
and generation and presentation of the results. Normally, all

NOTAROŠ ET AL. | 5



new concepts, approaches, and techniques in MATLAB
programming as applied to electromagnetic fields were
covered in tutorials, to provide students with additional
guidance for completing similar exercises on their own.

Some specific technical and pedagogical features of these
MATLAB exercises, projects, and codes include vector field
computation, visualization of spatially distributed scalar and
vector quantities, symbolic and numerical programming, for
example, symbolic and numerical integration, and solutions
to nonlinear problems. There aremany other features that may
be suitable and implementable into a fields class [29], that
were beyond our particular implementation in this study and
will be part of our future work. Another large set of features
would apply to the waves course or the waves portion of the
electromagnetics course in a single-course scenario [29].

The MATLAB exercises and projects for the electromag-
netic fields course were created and chosen by the instructor
of the course to best support the electromagnetics LSMs and
the RED project as a whole [29]. The instructor also authored
the textbook used for the course [28], and, as such, was able to
choose MATLAB exercises that fluently supported the
traditional course content. As a part of the assignments, the
students were expected to take the core LSM concepts they
learned in class and implement and explore them in the form
of computer exercises utilizing MATLAB.

Essentially, the students are learning MATLAB in the
context of electromagnetics and learning electromagnetics in
the context of MATLAB. Moreover, in our opinion and
experience, including programming actively challenges and
involves the student, providing additional, prolonged benefits
of learning as compared to a passive computer demonstration.
This is consistent with the observations described by both
Hoole [19] and Hoburg [18]: The mere use of computers does
not enhance learning skills; it is when students develop their
own programs or general purpose software that their curiosity
and creativity is aroused and they learn the most.

The observations described by Hoole and Hoburg above
also fit well with the educational theory of learning styles,
discussed in section 1. Although simply using computers to
model a system can help the visual learners to see a visual
representation of the electric and magnetic fields, it does not
help active learners engage with the material. Also, because
students do not have to consider the fundamental field
concepts to simply use a computer, the students do not gain a
full understanding of the origins behind the fields, a key
aspect of electromagnetism. By presenting the overlying
phenomena as a question/problem and using a programming
approach to modeling fields and forces, students are required
to build the solution from a set of underlying concepts, an
aspect of inductive learning. This quality is a key factor in
understanding material. As Felder and Silverman [13] state in
their paper “Learning and Teaching Styles in Engineering
Education,” the benefits claimed for inductive learning

include increased academic achievement, enhanced reason-
ing skills, longer retention of information, improved ability to
apply principles, and increased capability for inventive
thought. The learning style advantages of programming
versus normal simulation software do not end there. The
ability to manipulate the program and explore various “what
ifs” and applications while still considering the fundamental
aspects at play are a key component of learning electromag-
netism through a global perspective. Therefore, through using
programming to model electric and magnetic fields in given
situations, the learning styles less frequently reached by
typical lecture style teaching and standard simulation
software (active, global, and inductive) are all achieved
through our approach.

As explained in section 1, learning styles were not our only
consideration when designing and choosing the MATLAB
exercises/problems; we also considered the relevance of the
problems in terms of actual engineering design and their
relationship to current material covered in other courses. Some
of the problems simply cannot be related to the students’
everyday lives and engineering designs because many of the
basic concepts are not strictly applied; however, when there
was an application, we tried to include it. For example, one
problem required the students to use a GUI calculator that
calculates the capacitance of a microstrip line and other
common transmission lines and capacitor structures. Some of
the more abstract relationships were also addressed in the
creativity section. For instance, as most of the programming
dealt with the visualization of electric and magnetic fields and
forces, the ideas of electromagnetic interference (EMI) were
addressed and discussed to stress the importance of knowing
the field structures and forms to be able to predict where EMI
and various types of capacitive, conductive, inductive,
radiative, etc., couplings could be an issue.

By writing and executing their own MATLAB programs
to solve problems and generate results presented in figures,
diagrams, movies, and animations, students gain a stronger
intuition and deeper understanding of electromagnetic fields,
one of the most difficult subjects in EE, primarily because it is
extremely abstract. Simultaneously, these diverse MATLAB
projects and exercises help students to gain comprehensive
operational proficiency in concepts and techniques of
MATLAB use and programming. This knowledge and skill
can then be applied effectively in other areas of study,
including other courses in the curriculum, most notably in the
signals/systems and electronics courses in the junior year,
which is the focus of the RED project.

In addition, as Hoole [19] suggests, computer modeling
and programming in the context of engineering education
allows the students to not only gain an understanding of
content, but to confront and appreciate the reality that design
is an iterative modeling and analysis process. To help students
address and recognize this process and its benefits, some
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MATLAB exercises/problems required students to create
programs to solve problems that they already had to solve “by
hand” for homework or that were done “conventionally” in
class. Some other problems asked the students to implement
the fundamental concepts and equations from the course in
MATLAB programs, carry out calculations and visual-
izations using their programs, and draw and report relevant
conclusions and results. Another class of problems directly
addressed real-world practical applications of electric and
magnetic fields discussed in the course. All problems were
designed and assigned to help the students develop and
enhance their MATLAB skills, irrespective of the electro-
magnetics context.

2.2 | Illustrative examples from creativity
thread MATLAB assignments in
electromagnetics classes

Example Problems 1 and 2—given in Table 1 and Figures 1
and 2—show how some of the MATLAB problems
encourage students to think about how small changes to the
MATLAB program can lead to vastly different results. The
results from these examples also show the power of
MATLAB to visualize vectors, vector algebra, and 3-D
spatially distributed quantities. As mentioned above, this
clearly addresses the visual learning style that is normally

ignored in a traditional lecture. In terms of MATLAB
programming skill development, Problem 1, for example,
teaches the students to perform vector numerical integration,
and to visualize vector fields by means of arrows in 2-D space
using the MATLAB function “quiver,” having previously
defining a 2-D mesh of field points using the MATLAB
function “meshgrid.” None of these MATLAB tasks are
simple and all have many different applications.

Moreover, in Example Problem 1, vector integration is
carried out based on spatial subdivision of the integration
domain, approximation of charges on integration segments as
equivalent point charges, and computation of the Cartesian
vector components of the total electric field at each node of the
field mesh as a sum of all elemental field components—in
MATLAB. This exactly coincides with the analytical procedure
and thought flow taught in regular class sessions for obtaining
the fields due to given continuous charge distributions by vector
summation of the fields contributed by the numerous equivalent
point chargesmaking up the charge distribution. So students are
now “instructing” a computer to evaluate the electric field due to
a spatial charge distribution by vector integration in a computer
program in essentially the same way as they were instructed to
do so analytically in fields classes. There perhaps is no better
way for students to acquire and embrace the principle of
superposition, which is a consequence of the linearity of the
electromagnetic system in this andmost other cases and is one of

TABLE 1 Example Problems 1–4 from the creativity thread MATLAB assignments in the electromagnetics (fields) class

Problem
# MATLAB problem statement

1 MATLAB function “quiver” is used for visualization of field vectors in 2-D space. Input data are coordinates of nodes in a mesh
in a Cartesian coordinate system and intensities of field components at the nodes. Implement “quiver” to visualize the electric
field distribution due to a uniform straight line charge of finite length l and total charge Q placed along the x-axis in free space.
Although the analytical solution is available in this case, given by [28]

E ¼ Q
4πε0ld cosθ2 � cosθ1ð Þbx þ sinθ2 � sinθ1ð Þby½ �

for the situation shown in Figure 1, the electric field vector at each node of the mesh should be computed by vector numerical
integration of elementary fields due to equivalent point charges along the line representing short segments into which the line is
subdivided. With such an integration (superposition) procedure, this MATLAB program may be applicable, with appropriate
modifications, to many similar and more complex charge distributions, where the analytical expression for electric field
components is not available or is difficult to find.
Output from the MATLAB code is shown in Figure 2.

2 Repeat the previous MATLAB Exercise but for three equal point charges Q residing at vertices of an equilateral triangle of side a
in free space.

3 Write a program in MATLAB that uses previously created programs and calculates and plots the electric force on a point charge
due to N other point charges in free space. The input to the program consists of N, coordinates of charge points, and charges Q1,
Q2, . . . ,QN, as well as coordinates and charge of the point charge on which the force is evaluated. Then use this code to plot the
force on one of three equal point charges at vertices of an arbitrary triangle.
Figure 3 shows an output from the MATLAB code.

4 Write a MATLAB program that displays the distribution of the electricpotential due to an electric dipole (Figure 4) with a moment
p=Qdẑ located at the origin of a spherical coordinate system. As output, the program provides two plots in the plane defined by
y= 0 in the associated Cartesian coordinate system: one representing the potential by means of MATLAB function “pcolor”
(that uses color to visualize the third dimension) and the other showing equipotential lines with the help of MATLAB function
“contour.”
Depicted in Figure 5 is an output from the MATLAB code.
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the most important principles in electromagnetic (and ECE in
general) analysis, computation, and design, than to “teach” the
computer how to do it based on fields analytics from classes.
This is key in developing students’ problem-solving (analytical
and computational) skills for true 2- and 3-D vector problems,
and essentially any complex problem. While there is no
universally optimal algorithm for solving complex problems, it
is wise to use superpositionwhenever possible—that is, to break
up a complex problem into simpler ones, and then add up
(integrate) their solutions to get the solution to the original
problem [28]. These fundamental concepts of linearity and
superposition are reinforced across multiple ECE subjects,
especially in the signals/systems and electronics courses within
the RED KI activities.

Example Problem 3, presented in Table 1 and Figure 3,
also shows an example of a vector visualization question/
problem and MATLAB programming task given to the

students, but now extends the visualization from 2- to 3-D
space by using the MATLAB function “‘quiver3.” In
addition, this problem helps students to recognize and
appreciate the vector electric forces, both the components
and the resultant, due to point electric charges. The resultant
force on a charge is computed again using the principle of
superposition, as the vector sum of partial forces due to other
charges in the system. Although this and similar problems are
only ideal and do not have immediate counterparts in reality,
they are still useful as the students have to consider the
fundamental concepts to program the system, and the end
result helps them to visualize field effects, a vital capability
when addressing some real-life engineering problems.

Example Problem 4 (Table 1 and Figures 4 and 5) helps
students visualize spatial patterns and changes in a scalar
variable using the MATLAB functions “pcolor” (with color
continuously representing the function value as the third
dimension above a 2-D cut of 3-D space) and “contour” (with
colored lines representing cuts in a plane of surfaces having
the same value of a 3-D spatially dependent quantity at all
points—equipotential, V= const, surfaces in this case). It also
develops and solidifies the comprehension and mastery of an
important concept of an electric dipole (Figure 4) and the
electric potential (and consequently the electric field vector)
that it produces in 3-D space.

-0.01 -0.008 -0.006 -0.004 -0.002 0 0.002 0.004 0.006 0.008 0.01

x[m]

-6

-4

-2

0

2

4

6

8

y[
m

]

10-3 Field distribution

FIGURE 2 Graphical output from the MATLAB code for
Example Problem 1 in Table 1, for the following input: Line length
(Figure 1) in cm: 1; Total charge in nC: 1
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FIGURE 3 Graphical output from the MATLAB code for
Example Problem 3 (from MATLAB assignment 1) in Table 1, for an
adopted position of charges

FIGURE 4 Geometry for Example Problem 4 (from MATLAB
assignment 1) in Table 1 [28]

FIGURE 1 Geometry for Example Problem 1 (from MATLAB
assignment 1) in Table 1 [28]
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Examples ofMATLABproblems that require the students to
compare a MATLAB solution to the “by hand” solution are
included as Example Problems 5 and 6, given in Table 2 and
Figures 6–8. Generally, students are often specifically asked to
redo some of the conventional computational problems they
had for homework (typically, Problems from the book [28]) or
thatwere done in class (typically, Examples from the book [28]),
namely, either the same or similar problems, now using
MATLAB to experience firsthand the power and utility of
numerical and symbolic analysis and computation. Solving the
problems and studying the topics both analytically and using
MATLAB is extremely beneficial, as it significantly reinforces
the fundamental concepts required for both approaches and
ensures students are addressing the active, global, and inductive
learning styles.Note thatExampleProblems5and6, given in the
Creativity Thread MATLAB assignments in the fields class, as
well as the Related Classical Problems in Table 2, done in class
or for homework, are all “physical,” realistic, practical,
interesting, nontrivial problems, and not purely formulaic
(plug-and-chug) or purely “mathematical,” dry, formal prob-
lems. They are very challenging to address, analyze, and solve

both analytically and in MATLAB, and thus very beneficial for
students’ learning in both contexts. In addition, students are
challenged to implement decision making and equation setting/
solving processes that they are carrying out analytically when
solving problems classically into a general algorithm and
software so the computer can provide the result for any set of
input values, and not just for the ones specified in a particular
problem.

Figures 9–12 present additional example results from the
MATLAB assignments illustrating the power of MATLAB
computation and visualization in electromagnetics (fields).
Namely, Figure 9 shows the results of a question/problem that
required students to address the important concept of boundary
conditions for a dielectric-dielectric boundary. The program-
ming aspect enforces the fundamental concepts, utilizing a
detailed tutorial for a similar, preceding, MATLAB problem,
while the result encourages a visual learning perspective.

Figure 10 depicts an example where the programming was
actually done for the students to create a GUI. This GUI,
however, is very useful as it helps the students to understand
and utilize the capacitance “produced” by different capacitors
and transmission line geometries. This addresses the students’
need for problems relevant in their own lives. In addition,
interested students were able to explore and play with the
MATLAB script (source code) for theGUI and learn firsthand,
or at least get a rough idea, how such real-life complex GUIs
are designed, developed, and coded in MATLAB.

Figure 11 portrays an example problem that also addresses
a main concept in electromagnetism while having a very
specialized application to real life in areas like particle
accelerators. The programming behind the result will once again
force students to fully consider the fundamental concepts and
any special issues due to the logic requirements of a computer.

Finally, Figure 12 addresses the common visualization
issue when time-harmonic alternating current exists in a
straight-wire conductor, and, even more difficult, the
visualization of the nearby electric field it produces. Because
these concepts are hard to grasp and visualize, the results
show them together, through two different but coupled
graphical means: a plot showing the variation of the current
over time in a given cross-section of the wire and a 2-D vector
representation, as it varies in both time and space, of the
electric field intensity vector around the wire induced
(generated) by the current, with the two graphical represen-
tations being viewed simultaneously in a movie.

3 | RESULTS AND DISCUSSION

Due to many changes associated with the RED project in the
junior year of the EE program at CSU in the Fall of 2016, we
decided that there would be simply too much work for the
students if they had additional MATLAB homework project

FIGURE 5 Graphical output from the MATLAB code for
Example Problem 4 (from MATLAB assignment 1) in Table 1
(Figure 4), using MATLAB functions “pcolor” (top panel) and
“contour” (bottom panel)
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assignments every week or every other week on top of
everything else required of them due to these changes. As
such, the electromagnetics (fields) instructor only gave two
separate large multi-week MATLAB assignments that were
optional for extra course credit. Consequently, a quantitative
analysis of how these assignments affected the students’
grades is not appropriate. Instead, at the end of each
MATLAB assignment, the students were given a survey to
complete, whichmeasured their thoughts, opinions, reactions,
and feelings about how the assignment affected their
understanding and enjoyment of both electromagnetics
(fields) and MATLAB itself.

In particular, the students who chose to complete the
MATLAB assignments were asked to complete a survey
regarding their perceptions on the use of MATLAB and its

integration into the curriculum. The surveys were voluntary
and anonymous and the students were told that we would look
at the results of the surveys only in aggregate form. The
survey questions shown below were created by the course
instructor. The students responded using an unbalance odd
Likert scale. The following values were used:

1. Yes, a lot (3).
2. Yes, somewhat (2).
3. Not at all (0).
4. No opinion (Not Counted).

The first survey had a response/participation rate of 46%
(39 out of 85 students in class), while the second survey only
had a response rate of 22% (19 out of 85 students). Table 3

TABLE 2 Example Problems 5 and 6 from the creativity thread MATLAB assignments in the electromagnetics (fields) class

Problem
# MATLAB problem statement Related classical problem

5 This MATLAB exercise analyzes breakdown in a spherical
capacitor with a multilayer dielectric. Consider a spherical
capacitor with N concentric dielectric layers. The inner
radius, relative permittivity, and the dielectric strength of the
ith layer are ai, εri, and Ecri, respectively (i= 1, 2, . . . , N).
The inner radius of the outer conductor of the capacitor is b.
Write a MATLAB program to find which dielectric layer
would break down first after a voltage of critical value is
applied across the capacitor electrodes and to compute the
breakdown voltage of the capacitor. Test the program for
N= 3, a1 = 2.5 cm, a2 = 5 cm, a3 = 7 cm, and b= 9 cm, if the
dielectrics constituting layers 1, 2, and 3 are polystyrene,
quartz, and silicon, respectively (use GUIs from MATLAB
Exercises I.16 and I.17 to get the values of material
parameters). HINT:The data input is realized as in
MATLAB Exercise I.3. We implement a generalization of
Eqs. (2.241) and (2.242) from the book [28] to the case of an
arbitrary number (N) of layers, and, instead of only two
charges and, we now have an array of such charges. For
finding the minimum charge in the array, we use MATLAB
function “min,” which also returns as output the position
(index) of the minimum value in the array. Then the
corresponding breakdown voltage is computed based on
Eqs. (2.240) and (2.241) from the book [28].

(Book [28] Example 2.32) The dielectric of a spherical
capacitor consists of two concentric layers, as shown in
Figure 6. The relative permittivity of the inner layer is
εr1 = 2.5 and its dielectric strength Ecr1 = 50MV/m. For the
outer layer, εr2 = 5 and Ecr2 = 30MV/m. Electrode radii are
a= 3 cm and c= 8 cm, and the radius of the boundary
surface between the layers is b= 5 cm. Calculate the
breakdown voltage of the capacitor.
(Book [28] Problem 2.75) Consider the spherical capacitor
with two concentric dielectric layers in Figure 6 and assume
that the inner dielectric layer is made from mica (εr1 = 5.4),
whereas the outer layer is oil (εr2 = 2.3). The geometrical
parameters are a= 2 cm, b= 8 cm, and c= 16 cm. The
dielectric strengths for mica and oil are Ecr1 = 200MV/m
and Ecr2 = 15MV/m, respectively. The oil is then drained
from the capacitor. Find the breakdown voltage of the
capacitor in (a) the first state (outer layer is oil) and (b) the
second state (outer layer is air).

6 Consider a simple nonlinear magnetic circuit with an air gap,
shown in Figure 7, and redo Example 5.13 from the
book [28] but now in MATLAB. Write a MATLAB code
that plots the magnetization curve of the ferromagnetic core
and the load line of the circuit (in the same graph), and
computes numerically and plots the operating point of the
circuit. Compare the result to the analytical solution in
Example 5.13.
HINT: Use function “magCurveSolution” (from MATLAB
Exercise II.15) and see the tutorials to MATLAB Exercises
II.17 and II.4. Figure 8 shows the graphical presentation of
the MATLAB solution.

(Book [28] Example 5.13; also book [28] Problem 5.21)
Consider a magnetic circuit consisting of a thin toroidal
ferromagnetic core with a coil and an air gap shown in
Figure 7a. The coil has N= 1,000 turns of wire with the total
resistance R= 50Ω. The length of the ferromagnetic portion
of the circuit is l= 1m, the thickness (width) of the gap is
l0 = 4 =mm, the cross-sectional area of the toroid is
S= S0 = 5 cm2, and the emf of the generator in the coil
circuit is E= 200 V. The idealized initial magnetization
curve of the material is given in Figure 7b. Find the
magnetic field intensities in the core and in the air gap.
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shows the results of the surveys with the average response
(AR) and coefficient of variation (CV) presented. The
students were also given the opportunity to make any
comments about the project without any prompting questions.

Many students commented on the lack of MATLAB
preparation: “I thought it was a good assignment that had
significance to electromagnetics andMATLAB use, but I was
very confused since I have never used MATLAB before.” “I
really enjoyed doing the MATLAB assignment, but I also
found it to be very challenging especially question number
1.15 that onewas very hard.” “TheMATLABassignment was
a good idea, because MATLAB is a very useful program to
use and learn. This assignment was very difficult, considering
a lot of students are not very familiar with MATLAB and all
of its delicacies. I liked the idea ofMATLAB, but some of the
problems were difficult to complete with my knowledge of
the program.” “I thought it was a fun project, it helped to learn
new things in MATLAB that I didn’t know you could do. It
was very challenging though typing up the codewhen some of
us are unfamiliar with MATLAB since we’ve only used it a
hand full of times in other classes.” “I understand why you

would like us to know and useMATLAB in this course but the
reality is that most students I know don’t have a good if any
foundation using MATLAB. It's a great tool and is used a lot
outside of the classroom for multiple applications. I think
students need to have a MATLAB course to help enhance our
understanding of the program.”

Even students with substantial previous MATLAB
experience, through research projects or internships, found
many challenges and learned a lot from the completion of these
projects. For example, “I personally have a ton of experience
working with MATLAB, both for robotic applications as well
as an entire data visualization program for a company” but “I
had never been introduced to meshes before and I’m sure that
they are a valuable tool that I will use in the future. I learned
about plotting vector meshes as well and some other related
methods.” Also, “Very useful to learn that such tools as surf
and quiver3 exists it MATLAB. As well as surfnorm.”

Many students acknowledged and appreciated the
importance of MATLAB as an essential tool for ECE and
the need for gaining or improving MATLAB use and
programming familiarity and expertise for students and
engineers: “I like what you are trying to do with this project
because I do believe that it will be important for all of us to be
familiar with MATLAB at some point before we start our
careers. I think it was a good call making the assignment extra
credit because most of us have very little understanding with
MATLAB in the first place.” “I like this assignment a lot and
you should definitely offer this project in future. It already has
help me in another class, . . .. ” “I appreciate the idea of
incorporating MATLAB into the curriculum, specifically
since MATLAB is so widely used in scientific fields.” “I
thought it was a nice change from the normal homework. I
believe MATLAB is very important for electrical engineers
so I am glad we are using it.” “I personally think that the
MATLAB project was a great idea as in industry I used
MATLAB all of the time.”

FIGURE 6 Geometry and material properties for Example
Problem 5 (from MATLAB assignment 2) in Table 2 [28]

FIGURE 7 Geometry and material properties for Example Problem 6 (from MATLAB assignment 2) in Table 2; also shown is the analytical
solution at the operating point for the nonlinear magnetic circuit [28]
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Some students confirmed that MATLAB exercises helped
them develop a stronger intuition and a deeper understanding
of electromagnetic field theory, examples, and problems:
“Overall I like that you are trying to enhance our knowledge of
electromagnetics using MATLAB because I think it's a very
important skill to have and it is interesting to see some of the
figures and graphs created using MATLAB. It helps visualize
how certain changes and other variables affect the output and
fields.” “I think that this assignment is a really neat way to

combinemyknowledge of computer programming to a subject
that I am not fond of.” “I feel that the MATLAB assignment
was very useful for giving us a better visual understanding of
how Electromagnetics works.” “This project helps me a lot
about how to use MATLAB to plot and solve questions
systematically.” “This homework was really useful to
understand the problems a lot better. It will be useful to
have one or two MATLAB problems with every home-
work ....” “I think this project was useful but more so for
familiarizing us with MATLAB than improving our knowl-
edge of Emag. It was good to reinforce what we already know
because I knew what to expect the answers to be.”

On the other hand, many students stated that MATLAB
exercises helped them (instead) gain or improve operational
knowledge and skills in concepts and techniques of
MATLAB use and programming: “How MATLAB is used
in the case of this assignment or other ECE MATLAB
assignments, has taught me more about MATLAB than the
actual MATLAB class did.” “I feel like the MATLAB
assignment helped me learn, mainly in MATLAB. My
understanding of Electromagnetics did not significantly
improve, although the problems required knowledge of
electromagnetics. However, my MATLAB knowledge
improved greatly because my knowledge prior was very
basic.” “It enhances my MATLAB programming a lot.”

More specifically, the first survey results show that the
students felt that the assignment really helped them to
improve their knowledge and skills in MATLAB. They also
felt that the assignment might be useful in other courses in the
curriculum. The students did not feel strongly about the
exercises really helping them develop a stronger intuition and
a deeper understanding of electromagnetic field theory. This
is likely due to the large struggle in learning MATLAB
simultaneously with doing the assignment.

After the students had gained the knowledge and skills
in the first MATLAB assignment, the second survey shows
that they felt less strongly that the assignment improved this
area—that is, their knowledge and skills in MATLAB.
However, the students did feel relatively strongly that the
exercises did indeed help them gain a stronger intuition and
deeper understanding of electromagnetic field theory. This
supports the idea that the students likely did not gain the
understanding benefit due to a lack of knowledge and skills
in the required software and programming. This will be
something to keep in mind for future iterations of this
research. The students also gained an insight into how the
skills they improved in programming MATLAB could also
apply to other courses as well. This is once again likely to be
because the students are no longer focusing on learning the
skills of MATLAB, but can instead realize the broader
implications of their activities.

In addition, the survey results need to be viewed and
judged in the context of the entire RED program and the
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FIGURE 8 Graphical output from the MATLAB code for
Example Problem 6 in Table 2, showing the MATLAB solution of
the nonlinear magnetic circuit in Figure 7

FIGURE 9 An example from MATLAB assignment 1 illustrating
the power of MATLAB computation and visualization in
electromagnetics (fields): MATLAB computation and visualization of
dielectric-dielectric vector field boundary conditions for an arbitrarily
positioned (oblique) boundary plane between Media 1 and 2 with
arbitrary given permittivities (dielectric constants)
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increased workload for the students in the individual core
junior-level EE courses and their LSMs, in the associated KI
modules between the courses, foundations and professional-

ism sessions, and team activities. Many students found the
“extra” MATLAB assignments overwhelming and overly
time-demanding in the context of all the other newly
established and required course and program components.
“I never had a chance to really try all the problems with
multiple other time constraints.” “I feel this assignment would
have been better to assign when time wasn’t so constrained. I
barely had any time to work on it and even then I felt very
rushed.”

FIGURE 10 Another example from MATLAB assignment 1 illustrating the power of MATLAB computation and visualization in
electromagnetics (fields): Capacitance calculator in the form of a graphical user interface (GUI) in MATLAB to interactively calculate and show
the capacitance or per-unit-length capacitance of a coaxial cable, microstrip transmission line, parallel-plate capacitor, spherical capacitor, and
strip transmission line, respectively, with the names of structures appearing in a pop-up menu

Electron travel in a uniform magnetic field

B

FIGURE 11 An example from MATLAB assignment 2
illustrating the power of MATLAB computation and visualization in
electromagnetics (fields): Snapshot of a movie in MATLAB that
traces the path traveled by an electron as it enters a uniform time-
constant magnetic field
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FIGURE 12 Another example from MATLAB assignment 2
illustrating the power of MATLAB computation and visualization in
electromagnetics (fields): Snapshot of a movie in MATLAB that
shows how the induced electric field intensity vector due to a time-
harmonic current in a finite straight wire conductor varies in time and
space, along (simultaneously) with the temporal variation of the
current (two subplots are viewed simultaneously in the movie)
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Finally, in addition to the above qualitative analysis of the
new approach and project results through student feedback
surveys, we also used the results on the Electromagnetics
Concept Inventory (EMCI) [10,27]. Namely, the instrument
was administered at the start of the Fall 2016 and the Fall 2017
semesters, respectively, to the seniors who studied electro-
magnetics in the previous academic year. The 2017 score, by
students learning electromagnetic fields in Fall 2016, was 2.5
times higher than the score by students taught without
MATLAB Creativity Thread and MATLAB programming
assignments.

4 | CONCLUSIONS

This paper has presented and discussed the inclusion of
computer-assisted MATLAB-based instruction and learning
in the electromagnetics (fields) course and LSMs within the
creativity thread of the RED project in the ECE Department
at Colorado State University. Creativity class sessions were
followed by two comprehensive and rather challenging
multi-week homework assignments of MATLAB problems
and projects in electromagnetics. This is enabled by a
unique and extremely comprehensive collection of MAT-
LAB tutorials, exercises, projects, and codes, developed by
one of the faculty team members. These materials exploit
technological and pedagogical power of MATLAB software
as a general learning technology and constitute a modern
tool for learning electromagnetics via computer-mediated
exploration and inquiry. The assignments required the
students to solve problems and generate results presented in
figures, diagrams, movies, and animations, by writing,
testing, and executing their own MATLAB programs as
well as running existing codes. The goal for students as

learners is to gain and solidify the knowledge of
fundamentals of electromagnetic fields using MATLAB
and to build and enhance the understanding and command
of MATLAB syntax, functionality, and programming in the
framework of electromagnetics.

The principal difference of the presented approach when
compared to the previous studies is the focus on introduction
ofMATLABprogramming of electromagnetics performed by
students, whereas in the previous reports, the students
primarily conducted virtual experiments interacting with a
GUI based on a MATLAB platform rather than writing their
own MATLAB programs. The difference is also in the scope
of the engaged computer-assisted MATLAB-based instruc-
tion and learning of electromagnetics in terms of topics,
concepts, and techniques, with our developed MATLAB
tutorials, exercises, and projects covering and reinforcing
practically all important theoretical concepts, methodologies,
and problem-solving techniques in electromagnetics andmost
of the previous studies focusing on a much smaller subset of
topics. In addition, none of the previous studies with a similar
intent, have, to the best of our knowledge, reported the results
of the study in terms of analyses of the impact of the proposed
and implemented approaches on students’ performance,
learning, mastery, attitude, success, and satisfaction that
would enable comparison with the study presented in this
paper.

The paper has presented and discussed some example
problems from the Creativity Thread MATLAB assignments
related to some of the most important pedagogical features of
MATLAB pertaining to electromagnetic fields instruction/
learning, such as manipulation and visualization of vectors
and multivariable spatial functions, numerical analysis, and
symbolic programming. It has shown the benefits of solving
the problems and studying the topics both analytically and

TABLE 3 Student survey response results, with the average response (AR) and coefficient of variation (CV) presented for each of the two large
multi-week MATLAB electromagnetics (fields) assignments.

Assignment 1 Assignment 2

Student survey questions AR CV AR CV

1. Did MATLAB Exercises in parallel with traditional written problems and
conceptual questions help you develop a stronger intuition and a deeper
understanding of electromagnetic field theory, examples, and problems?

1.65 0.66 2.11 0.43

2. Did MATLAB Exercises help you find Electromagnetic Fields more
attractive and likable?

1.46 0.73 1.50 0.86

3. Did MATLAB Exercises help you improve your knowledge and skill of
using MATLAB, that is, help you build and enhance the understanding and
command of MATLAB syntax, functionality, and programming, in the
framework and cause of electromagnetics?

2.08 0.44 1.89 0.60

4. Did MATLAB Exercises allow you to gain some operational knowledge
and skills in concepts and techniques of MATLAB use and programming that
could potentially be used and imple-mented in other courses in the curriculum?

1.98 0.44 2.18 0.44

5. Did you find this MATLAB Project assignment challenging? 2.60 0.29 2.42 0.32
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using MATLAB. The paper has also discussed how
MATLAB assignments enable engagement of students’
learning styles less frequently reached by typical lecture
type of teaching and standard simulation software and tools,
including visual, active, global, and inductive learning styles,
most often helping several different categories of student
learners at the same time.

Due to multifaceted changes introduced in association
with the RED project in the junior year of the EE program
at CSU in the Fall of 2016, we concluded that a
quantitative analysis of how these MATLAB assignments
affected the students’ grades was not appropriate or
feasible. Instead, as done in other prior studies, the results
of this project were qualitatively analyzed using data from
surveys given to the students at the end of each MATLAB
assignment. The students who participated in the MAT-
LAB exercises and surveys had mixed opinions about
whether it was helpful to their personal understanding and
mastery of the material. Overall, however, the students had
relatively positive feedback for the assignments. There
was a rather large percentage (72% on the first assignment
and 63% on the second) of the students who even took the
time to provide comments in addition to answering the five
questions on the survey. For example, of the students who
commented, 19 of the 28 had positive things to say about
the first assignment. The majority of the negative com-
ments all stem from a perceived lack of previous
experience in MATLAB that was nearly universal among
the students. But this is exactly why these MATLAB
sessions and assignments were included, through the
electromagnetics course, in the creativity thread of the
RED project, that is, to improve students’ operational
knowledge and skills in concepts and techniques of
MATLAB use and programming, which can then be
utilized in other courses in the curriculum, as well as in
research activities, senior design (capstone) projects, etc.
In addition, students’ results on the Electromagnetics
Concept Inventory assessment instrument showed great
improvement when compared to the approach with no
MATLAB sessions and assignments of the previous year.
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