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Abstract - A new teaching experience is presented in this paper. The author ine®gugposefully more
advanced analytical methods in his engineering technology curriculaadther integrates mathematical
explanations and physical insights into technology courses suahadsg communication systeymsgital
communicationsandelectric power generation, transmission, and distributidris instruction improves
the students’ performance inside and outside of the classroom. Enedurggesponses from students, the
author develops an new course, which serves as a technical elézfivesent to the students the analytical
methods. The paper describes how the course is developed and wteitde included. Major questions
that may be encountered during the educational practice are also édcuss
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1 INTRODUCTION

The importance of mathematics and science will never be overemphasizeginieeing and engineering
technology education. The ability of mathematical analysis and physicatstadding is considered a merit
among engineers and technicians. However, major reports [1-6] bavedleased by highly respected U.S.
academic, scientific, and business organizations on the need to impraveesaiel mathematics education
[7]. Although a great many of programs in engineering or engineerifgntdogy have strong curriculum
requirements on math and science, it is perceptible that a gap exists betwdsscieace education and
engineering/technology education. In some cases, when a theory in retbésts taught, the instructor
will not mention its particular applications into engineering/technology, andttliests have no ideas how
to apply the theory into the engineering and technical fields; similarly, wheengimeering, especially
engineering technology, course is taught, the students or sometimes evestithetor lack an advanced,
analytical point of view. This is especially true in community colleges, one afs@lobjectives is to serve
as a feeder to four-year universities. A number of recommendatiortsaj&] been made to solve the issue,
including increased communication between mathematics and engineering,fdev®yopment of joint
resources for problematic areas. In this paper, a new course integratth and engineering and technology
is proposed.

The Electronics and Computer Engineering Technology (ECET) Promgr&ohool of Computing, Univer-
sity of Southern Mississippi (USM) endeavors to improve the learningemvient, nurture the development
of critical thinking skills, develop knowledge and technology expertisd,iaspire the students’ interests
in science, technology, engineering, and mathematics (STEM). Throigygdal, the ECET supports the
mission of the university and the college of providing the basic skills anghpetises essential for preparing
graduates for effective participation in contemporary life.

The ECET program is taking actions to promote greatly its academic standirfielipg more higher-level

engineering and technology courses. Several electrical enginesnimges, such adectromagnetic fields
and wavesdigital signal processingantenna analysis and desigsignals and systembave already been
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offered as a part of the effort. Because of the analytical nature sétbeurses, to achieve this goal, we
require that students have profound mathematical skills. MAT28€te(ential equationsis required for
EET students, in addition to MAT16¢4lculus ), MAT168 (calculus Il), and MAT169 €alculus Ill) that
are required for both EET and CET students.

The ECET program has an enrollment of economically disadvantagednsiudiest generation college
students, and non-traditional students. A large number of students in B@igTam are transfer students
from local community colleges. A survey of the grades of students majoririgEin and CET taking
MAT167, MAT168, MAT169 and MAT280 shows that during the five-y@ariod from 2003 to 2007, the
average GPA of 85 CET students taking courses MAT167, MAT168MAELE9 is 1.32, and the average
GPA of 167 EET students taking courses MAT167, MAT 168, MAT169] MAT280 is 1.43, both are
far below the university requirements. Details are tabulated in Table 1ewWestands for the number of
students taking the course during 2003-2007. The unsatisfactory nrépnnpance has limited the student
development in engineering and technology. The struggle in math skills intexa&lngineering technology
courses is one of the major reasons that account for student sitspeasd dropouts.

Table 1: Math GPA of CET and EET students during 2003-2007

MAT167 | MAT168 | MAT169 | MAT280 Overall

Ns GPA| Ns GPA| Ns GPA|Ns GPA| Ns GPA
CET| 50 13230 127 9 1.60 85 1.32
EET | 77 125|54 14427 163 9 222|167 1.43

Through the interactions with students, ECET instructors have found theg@number of students have
difficulties applying fundamental science and mathematics into engineeringemblogy. Although the
instructors spend a lot of time and effort each semester to review themamdals, the outcome is not
always satisfactory. There are basically two major reasons. The fiestsothe students’ unsatisfactory
math performance stated above. For example, most transfer students$ kiavaca solid foundation in
mathematics education before joining a four-year university. Necessdpyshould be provided to these
students for a smooth transition into the university community, and an appepdkition to the problem
is essential. The second reason is that a great number of students majdhagengineering technology
program are working students or returning adult learners. Time cofdiizids them from spending enough
time for a solid understanding of prerequisite mathematical fundamentals.fidiemfinstruction method
is clearly critical for student success, which is in turn a key to the achiaveof¢he university goals.

2 INTEGRATING HIGHER-LEVEL MATH AND SCIENCE INTOEET COURSES

Our traditional instruction methods put the weight on hands-on skills. AlmastyeEET course has a
separate, corresponding laboratory course or a laboratory sesslmedded in the course. We have found
that our students, even transferred students who do not have soliétthabfoundations are able to learn
the technical information easily. However, shortcomings have been fioutig instruction method. The
lack of higher-level skills in math and physics degrades the outcomes afstmction. Since 2005, we
have introduced purposefully more advanced analytical methods in giresning technology curricula.
Higher-level mathematical explanations and physical insights are integnédedchnology courses such as
analog communication systenigital communicationsandelectric power generation, transmission, and
distribution The typical steps of our procedure of delivering a major topielectric power generation,
transmission, and distributioare described as follows.
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1. Step 1: concise, theoretical statements are proposed. The thesttieatents are usually higher-
level conclusions of other pertinent courses that the students haeghaliaken. Johann Friedrich
Herbart suggested that instructors should first prepare the pupilsrealdyg for a new lesson, and
associate the new lesson with ideas studied earlier [9]. The rule appleshaating new theory to
what students have learned help them understand the theory.

2. Step 2: once the theory is proposed, every effort should be takexptain the physics behind the
theory. Practical examples are usually used to help the students in thestamdiéng of the theory.

3. Step 3: after the students completely understand the theory (and mrtivations of the statements,
if any), the technical information can be delivered in a way that is easgtmaightforward.

This instruction improves the students’ performance inside and outside oiassoom. One direct benefit

of this instruction method is that the students know how things work and knouthitgs work. Students

will be able to grasp new emerged technologies quickly, and even be id$pipeopose their own new ideas
and solutions. Paper [10] reported the student skills in math and physiss;atied the instruction method,
and summarized the outcomes and evaluation of the teaching method from raceemgeelectric power
generation, transmission, and distributitimat adopts this method. The statistical report suggests that the
students have a better understanding of engineering technology prdiotemthis new teaching method
than from traditional teaching method. The students have increased inteeggyage in lifelong learning
processes, have further exposure to other EET areas, and enj®athieng experience. The instruction
method has better learning results than traditional ones.

3 PROPOSEDCOURSE

With the experience in the recent three years, the ECET faculty has figlhificcant need to improve the
students’ performance in math courses. However, the nature of thensemtellment determines that the
traditional ways for improvement of math skills such as traditional tutorialisesvMn math classes do not
work. One of the reasons is that in most of the traditional math classesgeenigigp and technology appli-
cations are merely integrated into the abstract mathematical concepts. Howalging the gap between
math and engineering technology curricula has been proved to be able mvérgiudents’ performance
effectively [10].

Encouraged by responses from students, we have developed aunesg that serves as a technical elective
to present to the students the analytical method. Unlike any traditional ciousseence, technology, en-
gineering, or mathematics, the proposed course is a comprehensivaitiotegf all related topics, with a
target of junior, senior and graduate students in engineering and teghn@he prerequisite of the course
is a junior standing, which means the students have already had basiptsoaeeé skills in circuit analysis,
along with mathematical fundamentals. The highlights of the course are dabasifollows.

e First, the course is concise and efficient. Only the science and mathematicsribaessary to the
corresponding engineering and technology curriculum is covereik i beneficial to the working
students and returning adult learners who suffer a time limitation.

e Second, the course is comprehensive and helpful. Any major sciedaaahematics skills that are
necessary to the engineering and technology curriculum will be covélrbid greatly relieves the
burden when the instructors teach any engineering and technologgecour
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e Third, the course is open to future needs. Topics in science and matheomatidde easily added
corresponding to any change in the engineering and technology dumicmew engineering and
technology applications could be easily updated with the correspondingceciend mathematics
topics.

The content of the course includes typical topics that are mostly encedriteglectrical and computer engi-
neering and technology courses. These topics usually demand hargmmattal and science requirements
on students. Several examples are listed below.

e Topics inalgebra complex numbers, eigen-functions, Euler’s identity, polynomials, vectalyais.
These topics are most likely foundeahectrical powerelectromagnetic fields and wavesggital signal
processinganddigital communications

e Topics incalculus Taylor's expansion, integrals, and differential equations. Theyrargtly encoun-
tered incommunicationsindelectromagnetic fields and waves

e Topics inlinear algebra matrix manipulation, which is needed in discussion of error detection and
correction schemes iigital communications

e Topics inspecial functionsBessel functions, Dirac function, and Sinc function. These functioes
helpful in understanding some conceptgligital signal processingndcommunications

e Topics intransformation analysig-ourier transform, Laplace transform, and z-transform. A complete
understanding of these transformations is an essential skifivanced circuit analysjsligital signals
and systemsanddigital signal processing

The proposed course has several anticipated impacts.

e The course has direct and instant impact on the students in our EET ah@rGgrams. From our
two-year instructions, it is expected that the course is able to improve th@ ERHents’ academic
performance, and the ECET program will function more efficiently in priogicgtudents with a broad
education that is founded on analytical principles and processes caimiirteimplemented with
modern technology.

¢ As stated above, the course has direct impacts on the working studémtsing adult learners. This
course offers them an efficient method to improve their science and matheroaticlation, which
in turn, will improve their academic performance in engineering and technolog

e The course affects place-bound students and true distance leaByerarious distance education
methods, the course could be of benefit to any one who is interestedll as werolled students. The
course helps nurture life-long learners.

e The course is a multidisciplinary course. It is able to get all STEM studentdvied. The course in-
spires the science and mathematics students’ interests in engineering arudidggithrough practical
applications of theories. On the other hand, various engineering applisaithance the students’
understanding of abstract topics in science and mathematics.

The outcome of the course will be evaluated by both direct and indirect method
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e The course can be evaluated indirectly by various surveys. Two tyfas\@ys will be conducted:
student survey and instructor survey. The course evaluation critefidd&M will be used to eval-
uate the student learning outcomes. The evaluation results along with stddedtsack during the
teaching of the new course will be assessed. Reviews, comments arestoigg will be collected
and analyzed from users within the USM community.

e The course can also be assessed directly through the student pexderriae instructor will evaluate
the student performance on the application of science and mathematics étgeviiéo engineering
and technology courses. The performance of students that take phesptbcourse and that do not
take the course will be analyzed.

4 CONCLUSION

In this paper, a new teaching experience is presented. The expeofentegrating more advanced mathe-
matics and science into engineering technology curricula is discussedy Aquese is proposed that will

effectively improve the mathematics and science performance of electndacmputer engineering tech-
nology students. The course covers most of the theories that havedddluthe ECET curricula. For the

purpose of conciseness, the course covers only the topics that dyen@deded by ECET students. The
major topics are discussed in the paper. The course has positive impalbtswarking students, returning

adult learners, place-bound, and time-bound students. This codiese tifem an efficient method to im-

prove their science and mathematics foundation, which in turn, will improvedbagtemic performance in

electronics and computer engineering and technology.
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