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ABSTRACT

The Engage initiative at the University of Tennessee addresses
the needs of entering engineering students through a new first
year curriculum. The program integrates the engineering subject
matter of the freshman year, teaches problem solving and design
by application, and seeks to address the increased retention and
graduation of engineering students. Noteworthy curriculum
features of the Engage program include a hands-on laboratory
where students do physical homework to practice the concepts
introduced in lectures, placing all freshman engineering students
in a year-long team design curriculum, and a team training course
where engineering upperclassmen are trained in team facilitation
techniques and placed as facilitators with the freshman design
teams.

The Engage program was piloted during the 1997–98
academic year with 60 students. In 1998–99, the program was
scaled up to 150 students, and fully implemented with the entire
freshman class of 465 students during the 1999–2000 academic
year. Engage students have shown a significant increase in
academic performance compared to students following a more
traditional curriculum. Graduation statistics show the positive
long-term results of this effort.

I. INTRODUCTION

Beginning in the fall of 1996, a team of faculty and administra-
tors worked to redefine freshman engineering at the University of
Tennessee (UT) to improve the effectiveness of the students’ edu-
cational experience in their fundamental courses. Motivations to
undertake this task have come from numerous sources, including
Accreditation Board for Engineering and Technology (ABET)
and industrial advisory boards, and they are familiar to engineering
faculty around the country.

The deliberations of the development committee paralleled
those at other universities where there has been a fundamental 
re-thinking of the methods used in undergraduate engineering ed-
ucation. Industry has consistently asked that graduates have skills in
teamwork and communication along with technical competencies.
The ABET engineering accreditation guidelines for engineering
schools show that future curricula will be strongly influenced
by these industry requests. Two studies by engineering educators,
one sponsored by the National Science Foundation (NSF) [6] and
the other by the National Research Council [1], both emphasized
the need to move the curriculum in the direction suggested by our
industrial customers.
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Several learning models have been applied by engineering edu-
cators, including the Kolb (4MAT) model [3], the Hermann
model [4], and models based on the Myers-Briggs test [5]. These
learning models are consistent in arguing that engineering prob-
lems are best solved when approached with a sequence of different
viewpoints, all of which must be given proper consideration to en-
sure a successful result. Individual students, regardless of their pre-
ferred learning approach, must be given practice in using a variety
of other viewpoints in order to be successful problem solvers. In
addition to analytical practice, students must also practice problem
formulation, visual and tactile thinking, idea generation, and com-
munication skills. This wide ranging skill set is difficult for any
student to master, giving additional importance to the concept of
engineering teams where the individual skills of a team’s member-
ship help complete the problem solving cycle. The Engage develop-
ment team believed that successful curriculum reform must offer
multiple teaching techniques to maximize student learning and
interest.

A pilot program of the Engage curriculum with 60 students en-
rolled was offered during the 1997–1998 academic year. The pro-
gram was scaled up to 150 students the following year
(1998–1999). Beginning in 1999–2000, all entering freshmen at
the University of Tennessee were enrolled in the program (approxi-
mately 500 students per year). A new division of the UT College of
Engineering called the Engineering Fundamentals Division
(EFD) administers the Engage curriculum.

II. DESCRIPTION OF THE ENGAGE PROGRAM

A. Curriculum
Two integrated, team-taught, six credit hour courses in

Engineering Fundamentals have been developed under the course
designations EF 101 and EF 102. EF 101 concentrates on teach-
ing basic computer programming, graphics skills, and problem
solving in the context of a non-calculus based introductory statics
and dynamics science component. EF 102 concentrates on teach-
ing calculus-based statics and dynamics. To instill a sense of
engineering perspective, both of these courses include regular pre-
sentations on current engineering practice. To develop an ability
to function as part of a team, the students are divided into groups
of five members for the semester. They are assigned team projects
that complement the material being taught in the other compo-
nents of the course. 

The basic building block of the curriculum for EF 101 and EF
102 is the instructional cycle. Each cycle involves a one-hour lec-
ture in large classroom format (150 students), taught by the EFD
faculty. The lecture presents the new basic mechanics concepts of
that cycle. These concepts are then reinforced by a laboratory ex-
ercise, where students in small work groups spend an hour devel-
oping and demonstrating understanding of the basic concepts.
The cycle continues with an analysis and skills session, in which
30 students meet with a team of two graduate teaching assistants.
This recitation-style session teaches mathematical, computer, and
graphical skills that can help the students apply effectively the
concepts they have just learned. The material is integrated around
design, build, and test team projects that range from foam-core
chairs to rubber band powered vehicles to egg-launching catapults
[7]. These team activities introduce students to engineering

design and allow them to experience the same decision-making
processes as practicing engineers. The students spend nine hours
a week in class for this six credit hour class. In EF 102 the basic
cycle concept remains, but more of the recitation time is devoted
to team and individual problem solving, instead of to computer
skill instruction.

III. NOTABLE CURRICULUM INNOVATIONS

A. Introduction to Design
Design is introduced into the curriculum with team projects that

increase in difficulty as the year progresses. The goals are for the
students to a) learn that design is a natural process closely related to
problem solving skills they already possess, b) experience success as
a designer, c) have a positive team learning experience, and d) learn
that design success is fun. Students meet three hours weekly in a
converted shop for this section of the first year courses. At the start
of the first semester they are given a project that requires teamwork,
planning, estimating, and knowledge of accuracy and significant
figures before any of these topics are discussed formally. The mes-
sage to the students is that they already know how to solve signifi-
cant problems, and we are there to show them how to organize
their efforts and to teach tools that they can use to increase their
problem solving abilities.

Elements of the design method are formally introduced and
practiced as the projects become more difficult. For first year
students, our experience has been that the appropriate design
methodology must be very simple and intuitive and must corre-
late with problem solving methods they have used before. A spe-
cific example is the Pugh chart [8] introduced as a concept selec-
tion technique. We introduce this method as a convenient way
of assigning numbers and formalizing advantage-disadvantage
lists—the same principle they have all used informally for mak-
ing decisions. For overall methodology, we use a variation on the
problem solving methods discussed in Lumsdaine [4] and
Fogler [2]. 

Objectives for the first semester include practice in oral and
written report formats, team roles, project planning, appropriate
problem specifications, background searching, and idea genera-
tion. The final two projects (of four during the first semester) in-
volve constructing a device out of simple materials and testing of
the devices. The projects provide real objects to be drawn in
graphics and practical examples of the technical material being
presented. For example, the design and construction of a foam-
core chair complements the discussion of free body diagrams and
pre-statics.

For the second semester, only two design problems are at-
tempted, giving the students time to integrate what they have
learned about design, and step through the process for each pro-
ject. Additional requirements that are introduced are the use of
concept selection techniques, performing basic experiments on the
concepts generated or materials used, and predicting the perfor-
mance of their device before testing. Matching the technical con-
tent of the course, the first project is static, typically a structure
design where they can perform a predictive truss analysis, and the
second project is dynamic, where their new knowledge of program-
ming is utilized by requiring a predictive program for a device with
changeable inputs. We have used bungee egg drops and catapults
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for the dynamics project. Pionke et al. [7] gives a more detailed de-
scription of the design program.

B. Physical Homework Laboratory 
A physical homework laboratory is an integral part of giving

students a thorough understanding of the textbook concepts of
physical phenomenon and simple mechanics. The object of this
component is to give students a hands-on way of feeling the con-
cept through simple setups where students demonstrate the princi-
ples concurrently being taught in the science component of the
course. This laboratory experience is described in greater detail by
Yoder et al. [10]. This laboratory is deliberately low tech, utilizing
weights, levers, pulleys, an air track for frictionless studies, stop-
watches and other crude measuring techniques so the students get a
feel for how the physical laws are represented in everyday circum-
stances. The scale of the lab set-ups is such that the students can ex-
perience the results with their own senses.

C. Facilitating Freshman Design Teams
At the beginning of our program design efforts, there was great

concern about the teamwork skill level of the average entering fresh-
man. It was recognized that teaming and interaction skills must be
learned just as analytic skills are taught. A facilitator-training pro-
gram for engineering students was designed and the curriculum
described in detail by Seat et al. [9]. This program is based on having
sophomore through senior engineering students work with the
freshman teams to facilitate the freshman’s adjustment to college life,
provide mentoring, and help the team to work together. This closely
supervised interaction provides the upper-class engineering students
with advanced teamwork and performance skills while exposing all
freshmen to a role model.

The facilitator program coursework gives the facilitator-
students a theoretical background and applied experience in im-
proving performance in technical task teams. Students receive
classroom instruction, have two freshman teams to facilitate, and
receive supervision regarding their facilitation performance.
Engineering faculty and Ph.D. candidates who have backgrounds
in education, counseling psychology, and human services staff the
courses.

IV. ASSESSMENT

A. Introduction
Extensive student feedback was gathered through class surveys

and focus studies during the pilot year of the program. This data
was used to iterate on each aspect of the program and prepare for
the second offering, the transition year. The pilot year qualitative
data, along with the pilot students’ progression data was very posi-
tive and was used to obtain final approval to implement the pro-
gram from the College of Engineering faculty. From this point,
our emphasis shifted to gathering data to produce a realistic assess-
ment of some of the measurable effects of the program. The fol-
lowing discussion focuses on data gathered during the two phase-
in years that could compare the new program with the traditional
program. It was decided that meaningful comparisons could by ob-
tained be comparing Engage students to those in the traditional
program in the areas of (a) performance on common exams,
(b) performance of students in key courses from the sophomore

year, and (c) graduation rate. This basic data could be easily mea-
sured, and represented immediate, short-term, and long-term
effects of the new curriculum.

B. Experimental Description
The pilot group of 60 students was chosen by the college to

reflect the demographics of the previous year’s freshman class. An
examination of previous entry demographics suggested that student
demographics varied insignificantly from year to year. These stu-
dents in the pilot program were invited to participate with the op-
tion to remain in the traditional program. Almost all the students
asked opted to be in the pilot program. The demographics of the
pilot group are presented in Table 1.

The control group for the first year consisted of first time
freshmen students registered with the College’s engineering
freshman advising center. There was a requirement that stu-
dents in the Engage program be enrolled in at least pre-calculus.
Due to this requirement, the control group was also restricted to
students enrolled in pre-calculus or a more advanced math
course.

The second year a group of 150 students was formed to com-
pose the Engage program (termed the transition group). Since this
number of students was approximately one-third of the entire
freshman class, no attempt was made to balance the demographics
of the transition group with the entire class. All freshmen were in-
vited to participate in the transition group as they came to summer
orientation until the 150 maximum group size was reached. The
demographics of the transition group and the corresponding con-
trol group are presented in Table 2. The control group was again
composed of first-time freshmen students registered with the
college’s engineering freshman advising center and who were
enrolled in pre-calculus or a later math course.

Table 1. Demographics of pilot and control groups (Year 1).

Table 2. Demographics of transition and control groups 
(Year 2).



C. Student Performance
To compare academic performance between Engage and tradi-

tional students, common finals in statics and dynamics were given
to both groups in the pilot and transition years. It was not possible
to give common finals for the graphics and computer program-
ming courses due to significant differences in the curricular con-
tent between Engage and the traditional curriculum. The exams
were multiple-choice with up to ten different answers for each
problem. Possible answers included results of common errors.
These answer choices included errors such as sign errors and
incorrect assumptions. 

Table 3 summarizes the four groups’ performance on the statics
final. The No Errors entry is the average for all questions of the per-
cent of students who were completely correct on a given problem.
The Common Errors entry is a similar average for students who
made a simple error on the problem that resulted in an incorrect
answer. This number mirrors the awarding of partial credit com-
mon on engineering exams. In both years, the Engage students did
considerably better (an average of 13 percent) than the control
students.

Similar results for the dynamics final are presented in Table 4.
The Engage students again performed better than traditional stu-
dents, with an average improvement of 6 percent on this exam.

Another goal of the Engage program was to better prepare
students for entry into their respective engineering departments. A
measure of this goal was student performance in their first depart-
mental course. This comparison is shown in Table 5. Engage

students outperformed their counterparts with the traditional
freshman preparation in every course. All of these positive differ-
ences were statistically significant.

D. Student Graduation
One of the goals of the Engage program was to improve gradu-

ation rates for engineering freshmen. At the University of
Tennessee, the average time to graduation is slightly more than
five years, as more than 40 percent of the students are enrolled in a
five year co-op program. Generally, six years is necessary to get a
complete graduation picture for an entering class. At five years
from entering, 43.3 percent of the Engage pilot class has graduated
in engineering compared to 25.5 percent of the control group en-
tering at the same time. At four years from entering, 17.9 percent
of the Engage transition group has graduated in engineering, com-
pared to 6.1 percent of their control group. Although incomplete,
this data is very encouraging as to the long-term effects of the
Engage program.

V. CONCLUSION

The Engage program is an innovative curriculum designed to
meet the changing needs of freshmen engineering students today. It
includes many of the traditional engineering topics but also adds
training in design, teaming, communication, engineering perspec-
tive, and other skills lacking in some traditional programs. Through
integrating the engineering curriculum into two six-hour courses,
time is better utilized and provides time and resources to cover these
new topics.

The students are shown to be better prepared to succeed
academically. The Engage program has succeeded in improving
graduation rates in the college of engineering.
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Table 3. Performance on common statics final.

Table 4. Performance on common dynamics final.

Table 5.  Average course grade in first departmental engineering courses.
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