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Abstract

As engineering curricula and courses continue to be restructured due to emerging technologies and ideas, it has become difficult to decide what body of knowledge to be retained and what is to be left out, given that the length of time for undergraduate education is limited to four years.   In this paper we present a matrix-structured approach to curriculum and courses development in one stream. The matrix structure allows knowledge building blocks to be distributed in the curriculum through individual courses such that the breadth and depth of knowledge satisfies the expected outcome of the curriculum. This approach is well suited for broad-based engineering program and where there is need to cover extensive area of knowledge with only few courses.

Introduction

The process of education in an academic institution is guided by the curriculum set by the constituents of the institution.  Like most human activities, education process, from time to time, is subjected to restructuring and redesigning to obtain a better result.  The Engineering Program at The University of Tennessee at Martin recently underwent such retooling.  In recent years many institutions of higher education and in particular colleges and departments of engineering have retooled their curricula to obtain better results in their education [1,2,3,4,5,6]. 

In the fall of 2000, the dean of the College of Engineering & Natural Sciences and the chair of engineering department formed a committee, which consisted of all engineering faculty. The committee’s charge was to review and restructure the engineering curriculum. The curriculum consists of three parts namely general education, engineering core, and the specialty requirements.  The first part of the curriculum, general education, was reviewed at the institution level. The task of the faculty committee was to restructure the engineering core component and the specialty requirements. The faculty met once a week for two semesters in order to discuss the different options that were presented.  After several meetings presentations were made and discussions followed. The curriculum was approved for implementation in Fall of 2001[7]. 

While the engineering program curriculum was being reviewed, the respective specialty areas were also engaged in the design of new courses or redesigning of old courses to fit with the restructured curriculum.  The whole process took several steps which included the following major activities: restructuring of the engineering program curriculum, development of the specialty curriculum, development of the course objectives, determination of the course content, and organization of the courses. The example presented here is for the Electrical Engineering (EE) concentration in the Broad-Based Engineering program at the University of Tennessee at Martin.

Program Curriculum

A few years ago, an engineering curriculum development tool was designed at the University of Tennessee at Martin to aid the evaluation of the engineering curriculum [8].  In the process of developing the said tool, a course map showing the sequence of courses in the curriculum was created and documented for future use in the Department of Engineering. A section of the old curriculum map, which contains the electrical specialty path, is shown in Figure 1.   
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Figure 1.  Electrical Engineering Specialty Path (Old). 

As pointed out in the introduction, the dean of the College of Engineering & Natural Sciences and the chair of engineering department formed a committee, which consisted of all engineering faculty whose charge was to review and restructure the engineering curriculum.  A rationale was established to the satisfaction of all constituents - the industry advisory board, the faculty, and student alumni - that a restructuring of the curriculum was necessary.  The committee went to work and the old curriculum was restructured. Within the new curriculum, the electrical specialty path was developed and it is presented in subsequent sections of this paper. 

EE Specialty Curriculum

The task here started with the development of specialty objectives.  The goal was to provide courses that will sufficiently cover the desired breadth and depth of knowledge in the EE specialty area. This to provided the necessary skills needed in the industry.  Given the limited number of courses, it was a monumental task to use a few courses to cover the body of knowledge in all pertinent areas of Electrical Engineering.  It was at this juncture that the use of a matrix approach became very necessary in order to visualize the knowledge spread among the courses and thereby build content continuum in the curriculum. It is intended that as the student progressed through the curriculum, the knowledge and skills acquired will feed directly into the next level of courses.

The traditional Electrical Engineering curriculum is based on four fundamental core courses: electric circuits, electronics, signals and systems, and electromagnetics. Generally, these course are offered in a sequence of two courses such as Electric circuits I and II, Electronics I and II, Signals and systems I and II, Electromagnetics I and II.  It is from these four fundamental areas that specialized advanced courses are built on.  The advanced specialized areas include among others communications engineering, computer engineering, electric power systems, and electromagnetics. In undergraduate programs the area of specialization is not emphasized as much as it is done in graduate programs. However, the student can take courses to obtain depth in two or more areas of interest.  
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Figure 2: Electrical Engineering Specialty Path (New )

The two-course sequence for fundamental courses presented in the above paragraph are difficult to accommodate in a broad-based program where there is limited credit hour to share among courses. Therefore, there is a need for a new curriculum and course development paradigm, which is based on correlated course content, prior knowledge base, and need to leverage the next knowledge level.  From the new engineering curriculum, which was implemented in the Fall of 2001, the electrical specialty path as shown in Figure 2, has preserved both the breadth and depth of knowledge, thus, the goal of a broad-based engineering program is realized.

Instructional Objective

There are eight upper level courses in the electrical specialty path.  For each course, instruction objectives are developed and discussed by the specialty area faculty members.  This process went through a number of iterations before acceptance by all faculty members teaching the course.  Shown in Table 1 is a sample of course objective for Circuit Analysis I (ENGR232).  It is obvious from the objectives that this is not the traditional first circuit course in a typical Electrical Engineering program. Also note worthy is that only the first two sets of objectives are written out in detail.  The objectives indicate things that the student must be able to do at the end of the course.

Table1: Sample Instructional Objective for Circuit Analysis I (ENGR232)

1.
Be able to explain basic concepts in electrical engineering:

· Give a descriptive definition of an electric circuit.

· List electrical and magnetic quantities, their units, and symbols.

· Use scientific and metric unit notations.

· Describe the relationship among the basic quantities in electric circuit theory:   charge, current, potential, voltage, work (energy), and power

· Distinguish between passive and active circuit elements

2.
Be able to explain experimental and basic laws:

· Explain Ohm’s law

· Calculate current, voltage, and resistance in a circuit; for elements in series, parallel and combinations of both.

· Derive the conditions for voltage and current division.

· Explain Kirchhoff’s current and voltage laws.

· Apply Kirchhoff’s current law to determine an unknown branch current.

· Apply Kirchhoff’s voltage law to determine an unknown voltage drop.

3.
Be able to apply methods of network (circuit) analysis:


-

4.
Be able to apply circuit theorems to analyze circuit


-

5.
Be able to use operational amplifiers as active circuit components


-


6.
Be able to describe the structure and characteristics of energy storage elements (capacitors and inductors)

7.
Be able to relate sinusoids, phasors, and complex numbers to circuit elements and variables.


-

8.
Be able to apply Ohm’s law and Kirchhoff’s laws in AC circuits


-

9.
Be able to determine sinusoidal and pulse response of RC circuits.


-

10.
Be able to determine sinusoidal and pulse response of RL circuits.


-

11.
Be able to analyze basic RC and RL filters.


-

12.
Be able to explain the concept of electromagnetism, magnetic induction, and mutual inductance.


-

13. 
Be able to describe the construction and operation of transformers. 


-

14.
Be able to analyze circuits with transformers.



-

15. Be able to describe the construction and operation of basic DC and AC machines. 
-

It is pertinent to call the reader’s attention to the entries in the instructional objective table. The writing of instructional objectives or course objectives as it is sometimes referred to, is an elaborate exercise that takes a lot of time.  For the example shown here, the full content is five pages in length.  Generally, the instructional objectives are divided into weekly activities and entered into the course calendar.  

Course Content:
After the writing of the instructional objectives was completed, the course content listings were compared to determine the areas of overlap or duplication. It was difficult to compare from page to page of each document. To reduce the difficulty, the matrix approach, which is shown in Table 2, was adopted in order to see clearly the correlation  between course and content. It should be mentioned here that, the course contents were developed directly from the instructional objective outline and not from the detailed instructional objectives.  There were three steps followed to build the matrix.  The first step was mapping of the content to course for all the courses; the second step was determination of overlap (suppose that there exists an area of knowledge overlap, then the level at which the particular knowledge is presented in the course is examined for inclusion or elimination); and the last step was pruning to size (if the knowledge levels are the same, then it removed from one of the courses). A similar matrix approach has been used to determine skills content in a number of courses in a curriculum [9,10].  The skills being referred to here include, among others, writing, presentation, and others often called soft skills. 

There are three course groups in the lower division, which include electronics, electric circuits, and computer programming.  The upper division courses consist of electronics, circuits, electric power systems, engineering electromagnetics, microprocessor/computer organization, linear control systems, and signals and systems.  The lower division courses are developed to build a foundation for the upper division courses.  The matrix approach preserves content continuum and maintains breadth and depth of knowledge. 

Course Organization

The instructional objectives provide the basis for instructional activities in and outside of the classroom. For each class, the students come in with different learning styles and capabilities. However, the design of individual courses is blind to these facts or in other words course content is not mapped to the different learning styles of the students. Variation in learning styles of the students can, however be addressed through course organization.   At this point, course organization is generally at the prerogative of the instructor who teaches the course.  However, there is a general consensus and effort is being mounted by all faculty members to adapt instructional techniques that enhance student learning in and out of the classroom.  It is therefore the instructor who is required to take into consideration the different learning styles and the teacher builds the class presentations around a hybrid of pedagogical techniques so as to accommodate all the students enrolled in the course. 

Conclusion

The development of a specialty area curriculum in a broad-based engineering program is presented.  The approach used provides course content continuum in the curriculum. The depth and breadth of knowledge is built around the program objectives.  It provides course design tool that weeds out excessive overlapping and unnecessary redundancies.

Table 2 : COURSES AND CONTENT BUILDING BLOCKS **

	Content
	Circuits Analysis I
	Circuits Analysis  II 
	Electronics I
	Electronics II
	Engineering Analysis II
	Comm.

 System
	Micropro/ Computers


	Control Systems
	Power Systems
	Engineering

 EM

	AC Fundamentals
	BK
	AP
	AP
	AP
	
	AP
	`
	
	AK/AP
	AP

	DC Fundamentals
	BK
	AP
	AP
	AP
	
	AP
	AP
	
	
	

	Circuit Theorems
	BK
	AP
	
	AP
	
	AP
	
	
	AP
	AP

	Complex Numbers
	BK
	AP
	
	
	AP
	
	
	AP
	AP
	AP

	Operational Amplifiers
	BK
	AP
	
	AK
	AP
	AP
	
	AP
	
	

	Energy Storage Elements
	BK
	AP
	
	AP
	
	
	
	
	AP
	AK

	Transients
	BK
	AP
	
	
	
	
	
	
	AK
	

	AC Power Analysis
	
	BK
	
	
	
	
	
	
	AK
	

	Semiconductor Devices
	
	
	AP
	BK/AP
	
	AP
	AP
	
	
	

	Amplifier Circuits
	
	
	
	BK
	
	AP
	
	
	
	

	Integrated Circuits (Logic Devices)
	
	
	BK
	AP
	
	
	AP
	
	
	

	Voltage Regulation
	
	
	
	BK
	
	
	
	
	AK/AP
	

	Three-Phase Circuits
	
	BK
	
	
	
	
	
	
	AK/AP
	

	Magnetically Coupled Circuits
	BK
	BK/AP
	
	
	
	AP
	
	
	AP
	AK

	AC Steady-State Analysis
	BK
	BK/AP
	AP
	AP
	
	
	
	
	AK
	

	Analog Filters
	
	BK
	
	AP
	AK
	AP
	
	AP
	
	

	Digital Filters
	
	
	
	
	AK
	AP
	
	AP
	
	

	Fourier Transforms
	
	BK
	
	
	AK
	AP
	
	AP
	
	

	Laplace Transforms
	
	BK
	
	
	AK
	
	
	AP
	
	

	Z-Transforms
	
	
	
	
	BK
	AK
	
	AP
	
	

	Wave Generation Shaping
	
	
	
	BK
	
	AP
	
	
	
	

	ADC and DAC
	
	
	BK
	BK
	
	AP
	AP
	
	
	

	Transformers
	BK
	IK
	
	AP
	
	
	
	
	AK/AP
	

	Digital Signal Processing
	
	
	
	BK
	
	AK/AP
	
	
	
	

	2-Port Network
	
	BK
	
	AP
	
	AP
	
	
	
	

	CAD Tools
	BK/AP
	BK/AP
	BK/AP
	BK/AP
	BK/AP
	BK/AP
	BK/AP
	BK/AP
	BK/AP
	BK/AP

	Programmable Logic Devices
	
	
	BK
	
	
	AP
	AP
	
	
	

	Electric Machines
	AP
	
	
	
	
	
	
	
	AK/AP
	

	EM Principle/Theory
	
	BK
	
	
	
	AP
	
	
	
	AK/AP

	Digital/Analog Interfacing
	
	
	BK
	
	
	AP
	AP
	
	
	

	Combinational logic
	
	
	BK
	
	
	AP
	AP
	
	
	

	Sequential Logic
	
	
	BK
	
	
	AP
	AP
	
	
	

	Transmission Lines
	
	
	
	
	
	BK/AP
	
	
	BK/AP
	AK


Legend:  

BK =  Basic Knowledge (a learning instance) 

IK  =  Intermediate Knowledge

AP =  Application 

AK =  Advanced Knowledge

** This is a partial course-content matrix. 
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