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Abstract

The purpose of this paper is to provide an overview of Virginia Tech's freshman engineering program during the fall 2000 semester.  A general look at the program in terms of the student background, faculty, staff, and administration of the Engineering Fundamentals Division is provided.  This is followed by a description of our two semester Introduction to Engineering course, EF 1015 and EF 1016; the first semester currently covers basic problem solving skills and engineering as a profession, while the second semester introduces graphics and design.

Our freshman engineering program, however, is undergoing a number of changes that have the potential to alter its character significantly.  Ongoing and new initiatives that alter both the administration and the instruction of Tech’s freshman engineers are at play.  These activities will be described, and preliminary evaluation data will be presented as available.  Instructional changes include hands-on activities, remedial instruction, and software specific tutoring.  Administrative changes include course redesign and implementing a C- gate for students continuing in engineering. 

Introduction

The Engineering Fundamentals (EF) Division provides a “home” for incoming freshman engineering majors and most transfer engineering students during their first year at Virginia Tech.  Here the students are introduced to the academic and professional future that lies in store for them through a required two-course sequence (Introduction to Engineering I and II, EF1015 and EF1016) taught by EF faculty.  The large body of entering students (1200+) is divided among smaller sections of these courses that each accommodates approximately 30 students.  The faculty instructor for their first course in the sequence (EF1015) also serves as the students’ academic advisor, generally until they transfer to a degree-granting department within the college of engineering.  For the majority of students, the transfer occurs after successful completion of the freshman year requirements, which include Chemistry, Math, and English credits along with the EF sequence.  The Division also offers two freshman level electives (a “green” engineering lecture series and a “hands-on” lab), a freshman C++ course required for intended electrical and computer engineering majors, as well as upper-class courses in computer programming and design that are required by some of the ten degree-granting departments within the college.

Faculty and Staff

The Engineering Fundamentals Division has thirteen full-time faculty members, two half-time academic advisors who serve students deficient in the freshman requirements after their first year, and three full-time office staff who coordinate student passage through the EF Division and into degree-granting departments.  In the fall semester, a few departmental and adjunct professors assist in teaching the Introduction to Engineering I course (EF1015), particularly if the incoming class is larger than expected.  Typically, a “regular” EF faculty member will instruct and advise approximately 120 students in four sections of EF1015 each fall semester.  While advising duties for these EF1015 students carry over to the spring semester that follows, most of the EF faculty will instruct a new group of 120 students in four sections of EF1016 each spring semester.  Some members of the EF faculty are also dedicated to the elective, design, and programming courses offered by the Division.

Students

Most of Virginia Tech’s engineering students are drawn from the mid-Atlantic region of the United States, are in their late teens / early twenties, and have a middle class background.  The ethnic make-up of an incoming class generally breaks down as follows:  4.2% Black; 1.7% Hispanic; 0.2% American Indian; 9.3% Asian; 81% White.   Approximately 16% of the students are female.  Virginia Tech’s engineering college also has a relatively strong contingency of international students, with roughly 3% of new undergraduate students being not of US citizenship.  

As incoming students hale from varied educational backgrounds, their level of preparedness for university academics spans a fairly wide range.  Even with specific admission requirements regarding science and math, entering engineering students are not always ready for the introductory EF1015/1016 sequence.
Introduction to Engineering Courses

EF 1015 Introduction to Engineering I (2 credits)

A screening of the incoming class with regard to math abilities and backgrounds generally places about 1250 students in the Introduction to Engineering I (EF1015) course during the fall semester.  These are divided among 40+ sections, yielding approximately 30 students per section.  The student success (grade of C- or better) rate for EF1015 in the fall is typically about 70%.  Spring semester enrollment is about 350, with the majority of these students repeating the course.

Currently EF1015 is set up to introduce the students to the engineering disciplines and to aspects of the engineering profession, particularly ethics and the various codes that govern professional behavior.  A major portion of the course, however, is also devoted to an introductory treatment of specific topics that the students are likely to encounter in depth later.  These topics include: general problem solving skills; data analyses involving the graphing of linear, power, and exponential functions; basic use of the latest MATLAB software package; algorithm development, which includes flowcharting and computer programming (using MATLAB); two-dimensional statics; basic electric theory and circuit analyses; material balance problems; and concepts of energy in storage (kinetic and potential) and energy in transit (heat and work).  This organization of the course allows students to sample the “flavor” of different engineering disciplines, and to get some first hand knowledge of the dedication required to obtain an engineering degree.  Perhaps a special note should be made regarding the inclusion of computer programming in EF1015.  This has been done because most of the students enter University with no experience in writing code.  While they have a general sense of computers through word processing, games, and perusing the Internet, the majority of them are not equipped to succeed in a programming course.  It is hoped that this brief encounter with the basics of logic flow in a procedural computing environment serves them well in the C++ or Fortran course that lies ahead.  Following EF1015, students move on to the sequel course, EF1016.

EF 1016 Introduction to Engineering II (2 credits)

Typically taken in the spring semester of the freshman year, EF1016 is our design and graphics course.  The passing rate is significantly higher than that for EF1015; over 90% of the students achieve a grade greater than or equal to a C- in 1016.  With teamwork as a formal objective, students are divided in teams of four early in the semester with much of their work being generated and submitted as a team.  Traditional hand sketching is taught to aid in visualization and as an introduction to graphics.  AutoCAD's Mechanical Desktop is used as the graphics software.  Other topics include the graphics language, engineering drawing analysis, and scales.

Design is formally introduced in the first two weeks of the course and discussed throughout the semester which culminates with a major design project done in teams.  While the design project is typically created by each section's instructor, some students are able to work on an engineering senior design or interdisciplinary project.  
Ongoing Initiatives

Minimum grades in EF

In the summer of 1998 a minimum grade of C- was imposed as a prerequisite to all subsequent EF and engineering courses.  EF1015 and 1016 may be attempted only twice on Virginia Tech’s main campus.  In fall of 1998, 40% of freshman students in EF1015 failed to achieve a C-.  Of those that repeated EF1015 in the spring, 50% passed resulting in a 1 year success rate of 80%.  The fall of 1999 resulted in 25% of the EF1015 students receiving below a C-.  With these figures in mind, it is interesting to note that the 5 year graduation rate for Tech's College of Engineering has been about 70-75%.  
Hands-on lab

In recent years, industrial contacts have emphasized the need to expose students to hands-on learning experiences throughout their undergraduate years.  We have responded to this by greatly increasing resources for hands-on learning facilities across all curricula.  One of these facilities, the Frith Freshman Engineering Design Laboratory, will eventually become an integral part of each students’ first Engineering Fundamentals course.  Currently this lab serves approximately 240 students.  Through hands-on team projects, and promoting “learning by doing,” the lab provides students with exposure to the challenges of engineering.  Student teams integrate engineering theory with practice through experiential learning and problem solving.  The underlying goal is to involve students across all engineering departments in the planning, teamwork and goal-oriented activities that enhance learning of the engineering method.

Course redesign

Beginning two years ago, we began using a variety of texts and in-house supplementary handouts.  Currently we use a custom built textbook comprised of an introduction to engineering, specific engineering topics, and EF developed material (structured flowcharting).  A separate text is used for ethics.  

New Initiatives

Engineering Design in the Freshman Year

A pilot project to introduce freshman engineering students to design began in the fall of 2000.  About 250 students in 8 sections of EF 1015 participated.  This SUCCEED funded project is intended to introduce students to the engineering method through a series of in-class design projects that supplement traditional lectures.  
Software Learning Assistance Program

This project, also begun in the fall of 2000, provides freshman engineering students individual and group assistance with the software used in EF courses in a computer lab setting.  The program is available to all engineering students, but targets freshman and sophomore engineering students learning MATLAB, AUTOCAD, and C++. The goal of this program is to increase student confidence in using the engineering software, and allow them to gain a better understanding of engineering applications.

Engineering Success Seminar (ESS)

This pilot project was also initiated in the fall of 2000.  Initially offered on a voluntary basis, the EF-ESs program is an opportunity for freshman engineering students to develop skills that will help them succeed in both EF 1015 and subsequent engineering courses.  Students participating in the program meet twice a week with an upperclass engineering student, for a total of three hours, in addition to their regularly scheduled EF 1015 class.  The additional sessions emphasize fundamental concepts and problem solving techniques as well as material coordinating with the EF 1015 lectures.  In addition, time management and study skills issues are addressed.  Students were invited to sign up for the EF-ESS program during summer orientation.  Those who chose to participate in the program sign up for an additional 1 credit pass/fail special study. 
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