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Abstract 
 

The four-year undergraduate Electrical Engineering curriculum at Saint Louis University has integrated a 

comprehensive design experience at all levels. Freshman electrical engineering students are exposed to the 

design process, and introduced to the analytical tools necessary to the interaction and growth in the design 
process. It focuses on the basics of design methodology, which can be applied and refined in other design work 

particularly during their senior capstone design projects resulting in a natural progression of the design 

paradigm throughout the curriculum. The implementation of the present two-semester sequence of capstone 
design in the senior year focuses on the professional practice, and is drawn from all previously learned concepts 

of the design process. This integration of well-balanced design experience across the curriculum with an 

appropriate capstone design course provides a better preparation of graduates to pursue a productive 

engineering 
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1.0 Introduction 
 

One of the critical components of the product realization process is the engineering design, which deserves a 

special attention in undergraduate education to better prepare graduating engineers to meet the demands of the 
industry. Furthermore, the Accreditation Board for Engineering and Technology (ABET) in the USA has been 

continually increasing emphasis on the integration of design into the engineering curriculum. In fact, one of the 

criteria of an accredited undergraduate engineering program in the USA is to prepare for engineering practice 
through the curriculum culminating in a major design experience based on the knowledge and skills acquired in 

earlier coursework.  
 

This paper presents an approach to the integration of a comprehensive design experience in a four-year 
undergraduate Electrical Engineering curriculum at Saint Louis University. This curriculum focuses on the 

integration of a number of design experiences at all levels of engineering education. At Saint Louis University, 

freshman electrical engineering students are exposed to the design process, and introduced to the analytical tools 
necessary to the interaction and growth in the design process. It focuses on the basics of design methodology, 

which can be applied and refined in other design work particularly during their senior capstone design projects. 

Students experience a natural progression of design problems and problem solving capability throughout the 
curriculum. A number of these problems are included in dedicated courses in some cases. But, in most cases, 

these problems are interwoven as exercises in some courses aimed at presenting related theoretical material. 

Often, a variety of realistic constraints, such as economic factors, safety, reliability, aesthetics, ethics and social 

impacts are considered whenever appropriate. 
 

The two-semester sequence of capstone design course focuses on the professional practice, and is drawn from all 

previously learned concepts of   the design process. In first semester of the two-semester sequence, students are 

involved in planning project activities necessary to design the project, and in the creation of drawings to construct 
and test the prototype. Students make a preliminary project schedule (Gant Chart), and the initial project cost 

estimate. The completed design project, along with a modified and corrected project plan, is submitted as a 

proposal to the design instructor. Also, a mini-project of limited scope is carried out by students of the entire 
class, in parallel with other activities. A balance combination of individual and group projects provides a full 

spectrum of requirements involved in a typical design process.  
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Oral presentations in the class are necessary which would enable students to learn about the thinking process. The 

construction and testing phases of the prototype normally take place during the second semester. After the 
prototype testing is complete, students prepare a report, consisting of both written and oral presentations, on the 

project. An integration of well-balanced design paradigm across the curriculum with an appropriate capstone 

design course provides a better preparation of graduates to pursue a productive engineering career. This paper 

describes the emergence and evolution of integrating the design experience at all levels starting from freshman to 
senior year, analyzes the challenges encountered, and discusses the impact of the implementation on students, 

academia and industry.  
 

2.0 Evolution of a Design Paradigm 
 

The evolution of a design paradigm in undergraduate Electrical Engineering curriculum is based on integration of 
a number of design experiences into theoretical courses and the design-specific courses. This approach is 

compatible with the new ABET criteria [1] relative to the design experience which requires to include ―a 

meaningful, major engineering design experience that builds upon the fundamental concepts of mathematics, 

basic sciences, the humanities and social sciences, engineering topics, and communication skills.‖ The design 
components, introduced in the theoretical and design-specific courses across the curriculum, must include most of 

the following features: ―development of student creativity, use of open-ended problems, development and use of 

modern design theory and methodology, formulation of design problem statements and specifications, 
consideration of alternative solutions, feasibility considerations, production processes, concurrent engineering 

design, and detailed system descriptions.‖ Often, a variety of realistic constraints, such as economic factors, 

safety, reliability, aesthetics, ethics, and social impacts are considered whenever appropriate. 
 

Students experience a natural progression of design problems and problem solving capabilities throughout the 

curriculum. In most cases, a number of these problems are introduced as exercises in the theoretical and design-

specific courses. Two dedicated courses—one, ―Introduction to Electrical Engineering‖ in the freshman year, and 

the other, ―Capstone Design‖ in the senior year—are included to emphasize the design experience. In the 
freshmen year, students are first exposed to the basic design concept, assigned group design projects, and 

introduced to basic communication skills and analytical tools necessary for the design process. Also, the 

components of design experience are introduced in different theoretical courses in design problem assignments as 
exercises. The curriculum culminates in a major design experience in the two-semester sequence of capstone 

design course.    
 

3.0 Design Paradigm in the Freshman Year 
 

The changes in engineering education result from the rapid growth of technology and social systems. The primary 
goal of an engineer is to solve practical problems leading to what is basically known as engineering design. In 

fact, engineering design is the process of ―fashioning a product made for a practical goal in the presence of 

constraints.‖ Until recently, engineering students seldom encountered engineering design in their undergraduate 

studies. In order to meet the ABET criteria; accredited engineering schools in the USA must demonstrate that 
their students obtain sufficient design experience. The design process is incorporated across the curriculum in an 

orderly and progressive manner. Figure 1 lists the percentage of courses in the 
 

 
Figure 1: Percentage Courses in Freshman Year 

 

areas of design (DES), humanities and social science (HSS), science and mathematics (SM), and engineering 

science (ES).  Freshman electrical and computer engineering students are exposed to the design process, and 

introduced to the analytical tools necessary to solve practical problems.  
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They are also exposed to the interaction and team working experience. This is formally introduced through a 

course, Introduction to Electrical Engineering. In addition to introducing the basic principles of electrical 
engineering and hands-on laboratory experience, this course develops the student’s proposal writing, technical 

writing, and oral communication skills to some extent. Students are exposed, as a part of analytical tools, to 

computer aided analysis and design software, computer word processing, plotting software, and spreadsheets. The 
skills introduced in this course are further developed and enhanced in subsequent courses. In this introductory 

course, students are also exposed to a well-defined design project, which is simple in scope, interdisciplinary in 

nature, and relatively short in duration of the order of approximately three weeks. This course includes a 
laboratory component, which provides an opportunity to the students to get familiarized with the basic laboratory 

equipment in order to be able to test the design project. Students are finally required to report, both written and 

orally, on their design project and the outcomes of the testing of the prototype. Each student gives an oral 

presentation to the class on a particular segment of the design project. 
 

4.0 Design Paradigm in the Sophomore Year 
 

The sophomore year is an important year of electrical engineering students because of several basic courses that 

are introduced in an attempt to enhance the student capability to understand more of practical problems relevant to 

electrical  and computer engineering. Figure 2 outlines courses taught in the sophomore year in areas of DES, 
HSS, SM and ES. 

 
Figure 2: Percentage of Courses in Sophomore Year 

 

Analytical tools and communication skills are enhanced through the Introduction to Computer Scienceand Small 

Group Presentationscourses respectively. In theIntroduction to Computer Sciencecourse, a scientific 
programming language like C++ is introduced. In the Small Group Presentationscourse, the technique of power 

point presentation is introduced. Each student taking this course is required to make a presentation to the class on 

a selected topic using the power point technique. 
 

There are limited opportunities in a sophomore year to introduce students to real–world engineering experiences. 

However, efforts are continued to emphasize the opportunities to develop problems and exercises involving 

realistic values with various constraints in the circuits and digital design courses. Many application-type problems 
and exercises, taken from real-world devices such as telephone, hair dryers and automobiles--requiring the kind of 

insight an electrical engineer is expected to demonstrate--are included  in these courses to stimulate students’ 

interest in engineering. Involving students early in the design process provides motivation to apply their 

knowledge in practical problem solving situations. 
 

Computer programs and software cannot replace the traditional approach of mastering the study of electric 

circuits and digital circuits. However, such tools can assist students in the learning process by providing a visual 

representation of electrical system behavior, and iterating toward a desired solution changing parameters of 
interest. This computational support is an integral component of the design process. Two popular computer tools, 

PSpice and MATLAB, are integrated into engineering circuit courses to enhance computer applications.  
 

Lectures and problem sessions are dedicated to teaching various issues facing digital circuits design. Various 
approaches of function implication, which leads to less cost, less delay, and a more reliable digital system are 

focused. An emphasis is given on application of programmable logic devices. Sophomore students are assigned 

individual and group design projects in the Digital Designcourse to help them explore their areas of strengths and 

weaknesses in performing the tasks required for an engineering design project. 
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5.0 Design Paradigm in the Junior Year 
 

The junior year includes a number of courses to provide more design experience. It has been recognized that 

electrical engineering design, in all aspects, is a vast area and must be integrated throughout the curriculum, 
including but extending well beyond the traditional capstone design courses.   At least some of the elements of 

design process which includes open ended problems, design methodology, consideration of alternative solutions, 

and a variety of realistic constraints are stressed in most of the courses in the junior year. Figure 3 lists the courses 
that are offered in the junior year in areas of DES, HSS, SM and ES. Design problems and problem solving 

capabilities are introduced as exercises in these theoretical and design-specific courses. In most courses, a design 

project is assigned involving research into various design-related aspects of the relevant course. Students are 

required to submit a report, and give an oral presentation, thus enhancing communication skills. 

 
Figure 3: Percentage of Courses in Junior Year 

 

In the Electronic Circuits Design course, the design of many advanced electronic circuits, such as power 

amplifiers, integrated circuits, are discussed. In the highly theoretical course, Electromagnetic Fields, the software 

called Quickfieldis used to demonstrate the field distribution in some boundary-value problems of practical 
interest to increase students’ interest through visual representations. In the Microprocessors course, emphasis is 

placed throughout upon the nature of the design process, particularly upon the fact that there is no unique 

―correct‖ design. For the software aspect of the course, this is demonstrated by uniting two different programs to 
solve the same problem in two different ways, and for the hardware part, alternative approaches to design under 

various different constraints are discussed.  
 

In the junior year, the students are expected to have gained enough knowledge, confidence, and maturity to 

understand the elements of design process. Most importantly, the students will have accomplished this 
independently with the limited advice and guidance from the instructors. In fact, by the end of the junior year, the 

students should have attained all the preparations required to start the senior capstone design courses. 
 

6.0  Design Paradigm in the Senior Year 
 

The senior year places emphasis on the two-semester sequence of capstone design course, and a few more design-

based theoretical courses to satisfy the degree requirement Figure 4 lists the courses offered in the senior year in 

the areas of DES, HSS, SM, and ES.  In all the courses in the senior year, the elements of the design process are 
emphasized when appropriate. In the Transmission Lines and Waveguides course, concepts of designing a half-

wave dielectric window, a quarter- wave transformer, etc., using the elements of design process are introduced. 

Particularly, a problem of designing an electromagnetic radome is discussed. 

 
Figure 4: Percentage of Courses in Senior Year 

 

A sequence of two final capstone design courses in the senior year provides a meaningful, major design 

experience that focuses on the professional practice, and is meant to review, reinforce and tie together all the 

previously learned concepts of design.  
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The individual design project is normally selected to span the two course design theory and practice sequence to 

give each student some experience in the many elements of a ―total‖ design project from project definition to 
prototype construction. Three textbooks [2]-[4] are heavily used for the sequence of two semester capstone design 

course.  The Electrical Engineering Design I course is the first of a two semester sequence in electrical 

engineering design. The purpose is to introduce the many aspects related to engineering design and to develop a 

proposal for an individual design project. The theory and practice of electrical and computer engineering design 
are presented through a number of instructional modes.  
 

Lectures cover the general principles and techniques of design rather than the technical aspect of the design. The 

student is expected to utilize the technical design methods previously learned in other electrical engineering, 
science, and mathematics courses. Students also utilize the faculty in their areas of expertise as technical 

―consultants.‖ Much of the materials including professional ethical codes is provided in handouts.  Case studies 

and role playing are also introduced as a means of enhancing engineering design experience. The oral and written 
reports are to be presented from the view point of one of the case characters as assigned by the course instructor. 

All aspects of the case are presented using a prepared video tape presentation. A preview and final role playing 

direction are given by the instructor. The written and oral reports must include the case summary, analysis of the 

problem, alternative solutions and the final solution selected. 
 

The Electrical Engineering Design II course is the second of a two-semester capstone design sequence, and the 

purpose of this course is to continue the study of the design process and to implement the design project 

developed in the first course in the sequence. The major emphasis of this course is on the elements of the 
individual and group design process. Lectures on the engineering method are provided along with selected 

advanced design concepts. Students focus on individual design project breadboards and begin constructing the 

prototype. Once the construction of the prototype is completed, the can start the testing process. 
Students are required to submit weekly progress reports, group project reports, midterm design reports, final 

design reports, and operating and maintenance manual for the individual design project. The course instructor 

provides the final report outlines. The final design report will consist of both written and oral presentations.  
 

7.0 Conclusion 
 

Integration of a design experience in electrical engineering undergraduate curriculum has been presented. Design 

paradigm across the four year curriculum is displayed in Figure 5. The bar represents the percentage of credit 

hours devoted in design experience in the corresponding year. 

 
Figure 5: Design Paradigm in Four Years 

 

Obviously, this represents an upward trend in design experience. Salient features of this design experience 

includes introducing the concepts of design process in the theoretical and design-oriented courses across the 

curriculum, and providing a meaningful, major engineering design experience through a two-semester sequence 
of capstone design course in the senior year. 
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