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Abstract

This best practice proposes an alternative method for course sequencing and curriculum in Electrical and Computer Engineering programs that are more inclusive, improve retention, and provide for a greater duration of engineering-focused education. The motivations for and theory behind restructuring the course sequencing, and the advantages and disadvantages are discussed. 

Description

The typical Baccalaureate Engineering curriculum at most universities emphasizes a rigorous math and science pre-engineering curriculum, leaving the student with a mountain of pre-requisites before any meaningful engineering courses are taken. This is especially true in current Electrical and Computer Engineering programs, creating fatigue in students and creating a false impression that they must be brilliant at math and science to be good engineers, when in reality the need to be equally creative and have good problem solving and analytical skills. 
Most Engineering programs consider Calculus I an entry level math class, which adds an additional three to four semester of mathematics to a student’s engineering program if they do not place into Calculus. In a typical EE degree, there are four to six math courses before first core EE course. If a student fails a math course, it completely halts progress. These issues exacerbated at most community colleges that serve many students from underrepresented groups. At Miami Dade College, less than half of students that enroll at the college are ready to take Algebra. 
There are several other challenges in Engineering Education, especially in Electrical and Computer Engineering: 
· Undergraduate attrition out of engineering was greater than transfers into this field

· 10% of engineering majors switched to mathematics or physical or computer sciences majors

· The number of engineering bachelor’s degrees earned by underrepresented minorities has not changed since 1998 
(12.4% even though underrepresented minorities account for 27.6 % of the population)

· Electrical Engineering and Computer Science degree production has been declining in the past decade

· Projected shortfall of STEM Graduates

· Largest generation of engineers in history, the Boomers, are approaching retirement

· A portion of the GenX / GenY in engineering roles are unhappy with their opportunities, and thus move into other areas (e.g. management)

In order to address these challenges, the Faculty in the Department of Engineering has re-imagined the Electrical and Computer Engineering (ECE) curriculum. All of the work in rethinking the ECE curriculum is heavily based on Jerom Bruner’s Spiral Learning Theory. Bruner contends that any subject can be taught at any stage of development in a way that fit the person's cognitive abilities and that revisiting basic ideas over and over, building upon them and elaborating to the level of full understanding and master is the best way to teach and learn. Curricula should be designed to foster early intuitions about subject matter and then build on them in increasingly formal and abstract ways as education progresses. 
This new BS ECE degree program design has several goals: 
1. Preserve (and improve) current AS in CET/EET

2. Provide a pathway for AS in CET/EET to transition to BS in Electrical and Computer Engineering (ECE)

3. Integrate techniques from Bruner’s Spiral Learning Theory

4. Provide early practical experience, later abstract experience

5. Gradual ramp-up into upper division instead of traditional step-function, i.e. 5 semesters of pre-requisites before one circuit is built
6. Rearrange Engineering curriculum based on math progression, not the other way around. 
a. That is, the Engineering curriculum should be taught at the appropriate level based on a student’s math progression through the typical sequence of Algebra, Trigonometry, Pre-Calculus, Calculu I and II and Differential Equations.

The BS ECE degree structure is based on the following:

1. “Just in Time” mathematics approach

a. Bring in math as needed, where applied

2. Begin with a practical and applied Associate in Science
a. Algebra and trigonometry based

3. Transfer into analytical and applied BS

a. Calculus and differential equations based

Features of this structure include:

· Technical/Applied first – basic principles with a focus on application (AS)
· Analysis/Design later – reinforcement of basic principles with a focus on analysis, design, and creativity
· Combined Lecture/Lab – Students take both the theory and application with the same faculty member, benefitting from their expertise (Experiential learning)
· Little Math or Gen Ed “fatigue” – students are involved in engineering and projects from their very first semester in the program and take Gen-Ed courses alongside Engineering courses

· Active Learning

· Lectures are conducted using active learning techniques 

· Heavily Project Based

· Students are challenged with design projects

· Enhanced Discovery Based-Learning – prepare students first through direct methods, then give students a discovery task

Additionally, we believe this approach provides the following benefits:

1. Longer duration of engineering focused education

2. Repetition of curriculum, at increasing depths

3. More inclusive, with better retention

4. Less time spent reviewing prerequisites

5. Improved performance/retention of math courses

6. Reduced time to meeting goals/milestones

7. Better understanding of both theory and application
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