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Observations


I was a practicing engineer and manager at Hewlett Packard/Agilent Technologies for 17 years.  We hired top-tier engineering graduates, often from the best schools.  However, far too many of these graduates failed to become high performing engineers.  Experience simply could not remedy a poor education.  These low performing engineers had conceptual holes in their fundamental understanding of physical principles and also lacked other skills of high performance engineers.  In fact, some of the less educated engineers were higher performers than the more promising graduates.  Obviously, excellence in engineering education, as measured by grades, does not translate into excellence in engineering.


As a practicing engineer I often had to address simple avoidable design oversights.  I noticed that many engineers were unaware of gaping holes in their understanding of fundamental engineering subjects.  They lacked conceptual understanding of topics, common idealizations, and appropriate applications of theory.  Not only did I encounter a lack of fundamental engineering skills, but I also encountered a lack of skills needed for high performance on important tasks such as teamwork, critical thinking, and balancing multiple constraints and objectives during the design process.  

As an engineering manager, I once mentored an experienced engineer with low performance.  After mentoring, this engineer then led a design team that surpassed all our previous metrics for time to market.  Had these skills been acquired in college, even in part, this engineer would have been a much higher performer from the start.  


I have spent the last two years teaching in a small undergraduate engineering program.  I have noticed that the students in my thermodynamics class appear to have been indoctrinated to solve problems by the “plug-and-chug” approach.  Their first instinct is to hunt for the right equation, rather than to understand the concepts.  They have not been taught good problem solving approaches.  Indeed, it appears that their education has reinforced their bad habits.

I am convinced that shortcomings in engineering education propagate into industry.  The students graduate lacking both fundamental knowledge and high performance engineering skills.  The cost of training new engineers in industry is very large.  Furthermore, the cost to society from engineers who never integrate all the skills is truly enormous.  This lost engineering potential is wasted forever, both to the individual and to society.  Consider the impact improved engineering education would make on individuals, industry, and society.  The potential benefits are great indeed.

Problem Statement

We must develop a rigorous understanding of educational practices that significantly improve the quality of engineering graduates.  The problem is twofold.  We must improve learning of fundamental engineering concepts and simultaneously teach high performance engineering skills.  Excellent engineers depend on mastery of both fundamental engineering subjects and high performance skills.  Integration of concepts and skills is difficult for students and requires both repeated exposure and reflective time.  Hence, excellent engineering practices need to be taught beginning with the very first engineering courses.  These courses need to include both the fundamentals and the high performance engineering skills.  Furthermore, these skills need to be taught across the entire curriculum for maximum effectiveness.  

Inquiry-based methods appear to hold significant promise.  These methods have been used effectively in science education, especially in physics education.  My research is driven by two questions:

1. How can we best adapt inquiry-based methods to increase learning of fundamental engineering concepts? 

2. How can inquiry methods be best extended to simultaneously teach high performance engineering skills within the same classes?

Specific Deliverables

1. A research-based pedagogy for engineering education.  This pedagogy will produce deeper learning of both traditional subjects and high performance engineering skills such as teamwork and the research and design process.  

2. A means to adapt this pedagogy into many different engineering classes, thereby maximizing the overall impact of this research.  

Methods

1. I will build upon the literature concerning inquiry.  Some of the key researchers in physics education include Hestenes, Mestre, McDermott, Mazur, and Arons.  The inquiry methods do not need to be reinvented, but rather adapted to engineering.

2. I will draw from my industrial experience and ABET accreditation standards to identify the traits of high performing engineers.  

3. To ensure rigor, I will use methods of the social research community to construct valid and reliable experiments.  I plan to follow the methodologies of notable scholars such as Lillian McDermott and David Klahr.

4. I will work within a team environment at the University of Idaho.  This team, funded by several NSF grants, includes engineering educators, students, colleagues from the college of education, and several colleagues who are highly skilled in social research.  This team will be the testing grounds for effective transfer of the improved pedagogy.  The experience of transferring the pedagogy within the team will be extended to effectively transfer the pedagogy to faculty in general.  I will draw upon my many years of teamwork within industry for this effort.

5. I will publish our findings in relevant archival journals.  

Benefits

1. Engineering graduates equipped with more complete skills would represent significant savings to industry.  This savings would result from less expense in training new engineers and also more immediate productivity.  Furthermore, reducing the percentage of engineers that do not reach expert status, even by a very small amount, would tremendously increase productivity and innovation over the lifetime of the engineers.

2. The present pedagogy selects a narrow band of students.  A more powerful pedagogy would service a more diverse group of students. Additionally, our present students’ education would be enhanced.

3. A scientifically validated, inquiry-based pedagogy for engineering education could increase faculty performance on a broad scale.  Retention rates of students within engineering programs could be improved.  

Individual vs. Faculty Contribution


This proposed plan of research dovetails with my background and interest.  My major advisor and I agree that I will assume task leadership on this project.  My passion for this project is high!  While it is hugely ambitious, it has the potential to provide a major benefit to our students, our educators, and to society at large.  My many years of experience involving complex open-ended projects will provide a solid foundation and I welcome the challenge.  Thank you.

