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Abstract

This paper describes a unique high school/industry/university initiative to promote engineering to and
recruit high school students. Participants in the program include Ford Motor Company, the University
of Detroit Mercy, and 13 high schools. The program is unique for severa reasons. The scale of
participation islarge: gpproximately one hundred people are directly involved in interactions with high
school students. Each high school is assigned ateam consisting of two or three Ford engineers, one or
two high school teachers, one or two UDM faculty members, a UDM engineering student, and a UDM
admissions gaff member. The teams are charged with developing their own activities depending on
student needs, interests, and team member expertise. Some of the more novel activities are described,
including the founding of ajunior Nationd Society for Black Engineers chapter, smdl-scae experiments
in UDM engineering laboratories, and participation in a public water-sampling project. The schools
represent a diverse mix, enabling communication among communities normaly isolated from one
another. The high schoolsinclude public and private, suburban and urban, with some serving primarily
African American and Higpanic communities. The mativation for the program was asurvey of high
school math and science chairpersons to gain ingght into the causes of low engineering enrollmentsin
Michigan and to develop possible solutions. An informa assessment of the program was performed by
team members, and a more forma assessment processis being developed.

|. Introduction

The Gap between Engineering Graduate Supply and Demand: 1983 was the start of atwelve-year
downtrend in full-time freshman engineering student enrollments in the United States. With the
exception of 1988 and 1992, which saw minor increases, enrollments dropped an average of 3.3% per
year and by 1994, enrollments were down 22.4% as compared to 1983. Full-time freshman
engineering enrollment was at an eighteen-year low in 1994. While 1997 and 1998 saw a6.5% and
4.4% increase respectively (with 1998 reaching aten-year high), first year enrollments again dropped
1% in 19992 Since demand for enginearsis strong, and in many disciplines growing, enginesring
enrollments today are not adequate to provide the flow of engineering graduates needed in the nation.

The reduced number of students pursuing engineering and the increase in engineering jobs, coupled with
the retirement of large numbers of engineers, will cause agap. The gap between the engineering needs
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of U.S. corporations and the availability of engineering taent is cause for mgor nationd concern. This
concern is known and expressed by some of our nation’ stop leaders. At a recent summit meeting on
women in engineering, Rodney E. Sater, U.S. Secretary of Transportation said, "As Secretary of
Trangportation, | can tell you that the declining number of students in the engineering pipeline over the
last 15 years has dready Started to create shortages of trained engineers in many parts of the country.
Thisisasource of serious concern. Asthe current . .. engineers, trained in the 1960's, continue to
retire, these shortages threaten to impede our continued economic SUCCess. ... to produce engineersin
the numbers we need, we need more young women to enter the engineering profession.'

One of the mgor concerns about engineering enrollments is their demographics. Engineering
enrollments have been higtoricaly dominated by white, mae students. During recent years, enrollments
of minority and femae students in engineering have increased, but gill lag far behind their levels by
population proportion. Since 1993, the percent of women studying engineering has fluctuated between
17.7 and 20.1%. During the same period, the percent of underrepresented minorities (African
American, Higpanic and Native American) studying engineering has been between 15 and 16%.

Of course, some schools have been able to surpass the averages. Of the full time studentsin
engineering at the University of Detroit Mercy since 1993, between 24 and 29% have been women and
between 21 and 29% have been underrepresented minorities. None the less, UDM is committed to
further growth in participation of women and minoritiesin engineering.  This priority is shared by
UDM'’s corporate partners. James Padilla, Executive Vice President of Ford recently stated, “Diversity
of culture in our technica workforceis not only the right thing to do, but also provides a competitive
advantage by creating new products that better reflect our diverse consumer base.”

Project Discovery —astudy of causes and possible solutions: Policy makers, educators and industrid
leaders need to better understand the issues of high school students' understanding of, interest in and
preparation for engineering education. Only then can informed, effective action be defined and carried
forward.

To thisend, in 1999 the University of Detroit Mercy and the Detroit News undertook a comprehensive
survey of those closest to these chdlenges, high school math and science teachers from across
Michigan. The survey and the resulting whitepaper, Project Discovery, focused first on attitudes,
understanding and preparation of high school students’. 1t then sought the advice of these teachers on
possible solutions, especidly ways in which professionals and educators could encourage sudents
interest in engineering and mativate thelr sudies of areas important to their preparation for college leve
engineering studies. Seventy teachers completed the survey.

Some of the mogt sgnificant findings of the survey were:

In generd, high school students in Michigan are unaware of the magnitude of the opportunity for
engineering careers today and for the foreseeable future.

Students are unaware of the demand for engineers and current high levels of sarting sdaries for
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engineering graduates.

The mgority of teachers dso fdt that their female and minority students were unaware of the
increasing opportunities for femae and minority engineers.

There is inadequate understanding of the differences between careersin the various branches of
engineering: civil, chemicd, dectricd, manufacturing, mechanicd, etc.

Teachers criticized those in engineering for not promoting their professon. One teacher indicated,
“Those individuas involved in engineering do not propagate the growth in their own field, wheress, other
professonds effectively ‘sdl’ thelr careersto youth.”

Teachers were congstent in their requests for assstance in thair efforts to simulate sudent interest in
engineering. Over 60% of teachers do not fed that they have tools that are sufficient to give sudents
good guidance regarding engineering An even larger percentage (71%) do not fed that their schools
offer enough extracurricular activities involving math and science to help make these subjects fun. When
asked to predict the effectiveness of various interest-raising activities, teachers ranked the following
dternaives highly (in order of effectiveness, from very high to moderately effective):

Touring engineers workplaces

Student vigts to univerdties and their engineering departments
Inviting engineersto class

Presentations by college engineering students

Students talking with teachers and counsglors

Science and technology contests, like the Science Olympiad
Presentations to high schools by university faculty
“Engineering Fairs’

ONOOA~AWDNPE

Il. Objectives

In response to the shortfal in engineering supply and the results from Project Discovery, the University
of Detroit Mercy has partnered with the Ford Motor Company to create a program whaose objectives
are to increase sudent interest and enrollments in engineering.

The objectives are being achieved in three specific ways.

by attempting to eiminate ambiguities surrounding the engineering professon and by
distinguishing among the engineering disciplines

by connecting high school subjects to engineering disciplines
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by raising the vishility of the University of Detroit Mercy’s engineering programs and Ford's
engineering activities and careers.

Eliminating Ambiguities Many high school students have unclear ideas about the engineering profession.

A description of the field often lacks the impact that other, more visible professons such aslaw or
medicine can produce. The Discover Engineering webste offers the following observation:

Engineering has been called the "invisible profession” or the "stealth profession”
because most people have no clue what engineers do. Thisis unfortunate, because
everything in society is linked to engineering.®

Freshman engineering design courses have been added to many university curriculain an effort to clarify
student misconeeptions, and to generate enthusiasm for and increase retention in engineering.” Indeed,
research suggests that some students enter the field under strong parentd influence, and wind up leaving
after beginning a college program where they discover that engineering is not for them.® The
Ford/lUDM Engineering Opportunities program hopes to pre-empt mid-year turnarounds by asssting
pre-college students in making an informed decison prior to entering the university.

Making Connections. As high school students study the foundationa principles of mathematics and
science, examples of gpplications to engineering practice are frequently lacking. By linking the high
school subjects to engineering through case studies or projects, the program hopes to provide the
connections between theory and practice.

Increasing Vighility: Findly, the program hopes to recruit sudents by raisng the vighility of UDM’s
engineering programs and Ford' s engineering activities in the community. The College has a mandatory
cooperative education program through which students receive one full year of engineering work
experience before graduating. Virtualy no engineering classes are taught by teaching assstants, and the
faculty is dedicated to excellence in engineering education. These outstanding aspects of the UDM
engineering program will be highlighted for sudents participating in this program. The excitement of
Ford' s products and processes will be conveyed by participation of Ford engineers, and by direct
exposure to products, product development activities and manufacturing processes at Ford.

[11. Program Structure and Processes

In order to accomplish these objectives it was necessary for Ford and UDM to directly engage high
school teachers, drawing them into a partnership to define, develop and deliver activities for students.
Thirteen high schools were sdected, with diversity and academic qudity being the top criteriafor
sdection. The schools sdlected are shown in Table 1, dong with demographic information.
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School Large percentage | Large percentage | Large percentage | Public/Private
femde African American | Higpanic

Benedictine X Private
Brother Rice Private
Cass Technical X Public
Communication & X Public
Media Arts

Holy Redeemer X Private
L adywood X Private
Lasher Public
Mercy X Private
Renaissance X Public
Southfield Lathrup X Public
Southwestern X Public
U of D Jesuit X Private
Western X Public
I nternational

Table 1. High school partnersin the Engineering Opportunities Program. An“ X" identifies
those schools with a large percentage of female, African American, or Hispanic students. The
schools are also noted as public or private.

A team was created for each school to develop and offer student activities. Each team is comprised of:

At least two engineers from Ford

One or two UDM faculty members

One UDM student

One UDM dtaff member

At least one teacher or gtaff member from the high school

In dl, there are over 100 team members for the 13 schools.

The activities undertaken were | eft to the discretion of the team, with the high school representative
advisng the team on which activities would be most effective and welcome at their school.

The sequence of development and student activities during the last year follows:

Spring/Summer 2000 — exploratory meetings with Ford, UDM and high schools
August 2000 — activity survey followed by launch mesting

Fall Term 2000 — student activities launched at 11 high schools

November 2000 — mid-year sharing/assessment meeting
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IV. Description of Key Activities

The thirteen teams met & UDM in August 2000 to plan the fal term’s activities. The teams developed
their own activities depending on student/teacher needs, interests, and team member expertise. This
brainstorming sesson resulted in an ambitious list of activities. Activities that were executed or initiated
during the term included the following:

Engineering laboratory demondrations

Small-scale engineering laboratory experiences

Panel discusson with Ford engineers and/or college students

Science fair consulting: brainstorming with faculty

Ingtitution of Nationa Society for Black Engineers Jr. chapter

Tours of Ford facilities

Engineering career presentations by faculty, engineering students and Ford engineers

Note that in cases where laboratory apparatus was demonstrated, efforts were made to avoid one-way
presentations and make the experiences as interactive as possible within the short alotted times.

With two exceptions, dl teams held eventsin the fall term. Table 2 shows how the activities were linked
with ways of meeting program objectives. Also listed are activities associated with each high school.
Some of the activities are described below.

University of Detroit Jesuit High School brought a group of about 20 sophomores and juniorsto
campus in November. Four young Ford engineers —two of whom are UDM aumni — sat on a pand
and described their education and job functions, then answered questions from the students. The panel
session was followed by demongtrations in two engineering laboratories. Each of the demondtrations
involved state-of-the-art gpplications of technology. The civil engineering demonstration covered the
operation of a Geographic Information System. The demondtration from mechanica engineering
covered the measurement of vortex shedding frequency behind a cylinder using alaser doppler
velocimeter. Both demondtrations seemed to generate interest among the students as shown by their
asking many questions. The most successful aspect of the visit, however, was the display of two late-
mode Ford vehicles. The display was particularly effective because knowledgeable Ford engineers
were on hand to answer questions.

Severd activities were had with students from Renaissance High School in Detroit. The UDM student
chapter of the Nationd Society of Black Engineers organized an engineering information fair held in the
school cafeteria About 200 students attended round-table discussions and saw displays covering the
fields of civil, ectrica, mechanicd, and chemica engineering. The displays were saffed with NSBE
Sudent engineers and afaculty member from mechanical engineering. Two additiona activities involved
two-hour laboratory experiences for about 15 — 20 students. These were condensed and smplified
versions of experiments that college students perform in advanced engineering courses. The
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experiments were performed in UDM laboratories. The firgt involved an experiment demondrating the
principa of fluid momentum. Students were given governing agebraic equations, asked to predict
reaction forces of water jets on severd targets, and then performed experiments to confirm their
predictions and compare experiment to theory. The second involved a student competition to build and
program small robots congsting of severa servo motors and smple links. Both experiments were
preceded with brief lectures describing the governing principles and placing the experimentsin ared-
world context. The faculty member coordinating the activitieswas initidly gpprehensve about
“entertaining” 16 and 17-year olds for two hours, but the seriousness and interest of the students
pleasantly surprised him.

At Mercy High School, an dl-femde school in Detroit, over 200 students attended an engineering
informationd fair in September. Displays included a bike, arobot, Ford vehicles, and college displays.
An engineering faculty member, engineering student and two Ford engineers talked with students
throughout the 5-hour event. Ford used the opportunity to pass out questionnaires asking for student
opinions about the vehicles. In November 15 students joined Ford University Graduates — and two
current UDM students — for lunch at Ford, followed by atrip to the Spirit of Ford (a new museum near
company headquarters) and a speech by Ford CEO Jacques Nasser.

Two of the high schools (Cass Technical and Communication & Media Artsin Detroit) hosted UDM
faculty members who met with students considering science fair projects. The faculty and students
brainstormed science project ideas. There are plans for students from Cass Technical High School to
use UDM ingtrumentation to analyze soil and water as part of an environmenta project.

Findly, it should be noted that the interaction between high school and industry resulted in & least two
schools recalving subgtantia donations of laboratory and computing equipment from Ford.
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Activity High Schoolsinvolved Himinaing Making Increasing
(esterisk means activity | ambiguities connections | vishility
hed in Fdl term)

UDM lab demos | Ladywood, Holy X X
Redeemer, U of D
Jesuit*, Western Int’ I*

2-hour lab Renai ssance* X X

experiences

pand discusson | U of D Jesuit*, Western X X

withenginers& | Int'[*

college students

sciencefair Cass Technicd*, Comm. X

project consulting | & Media Arts*

NSBE Jr. chapter | Renaissance X

tours of Ford Benedictine, Brother X
Rice*, Comm. & Media
Arts, Ladywood,

Mercy*, Renaissance, U
of D Jesuit, Western

career Benedictine*, Brother X X X

presentations Rice*, Comm. and
Media Arts*, Mercy*,
Renaissance*, Southfield
Lathrup*

Table 2. Linkages among activities and ways of meeting program objectives.
V. Lessonslearned

In November 2000 the teams met a Ford Motor Company to assess the effectiveness of the program
and to shareideas. The meeting resulted in awedth of anecdota feedback about the program.

High school teachers reported that they felt activities held so far were successful in increasing sudent
understanding of the profession. Faculty and student presentations were effective in teaching sudents
about engineering, and the [aboratory demondrations and experiments engaged the students and
provided important links to basic physics and mathematics courses. There was afedling, however, that
more was needed. Asaresult, program leaders were charged with forming atask force to develop
engineering projects that could be used in math and science classes.

Participants aso felt the communication between college and high school students was of red vaue,
This interaction occurred in severd venues, including career presentations, pand discussions and
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informa lunches. Communication between organizations, however, was a times difficult. Some
attributed this problem to the variability in e-mail usage among the participants. Asaresult, it was
suggested that a Single contact person hold the organizationa respongibilities for each team.

Severd ideas for additiond activities came out of the mid-year meeting:

Give students a complete CAD experience where a car is designed from beginning to end
Shadow student or engineer for aday
Internships at Ford

Three action items emerged from the mesting. Volunteers were asked to form committees to do the
fallowing:

assemble and/or develop print, computer and video materids that explain engineering careers
and disciplines (to be shared and employed in structured presentations)

develop amore formal assessment process for the overal program

explore the development of project based high school curriculum that would bring engineering
and pre-engineering experiences directly to high school students as part of their normd studies.

There was a feding among teachers that one reason students do not enter engineering is lack of
confidence in mathematics skills. It is hoped that the introduction of engineering-reated materid into
classrooms may help to dleviate this anxiety, and o increase understanding of mathematics through
contextud teaching.

V1. Summary

The effort has been time-consuming: meetings, travel, preparation for lab demonstrations and
experiments, preparation for career presentations, and other organizationd tasks dl add to aready-full
schedules. The program has been successful because faculty, engineers and administrators have been
very committed to the objectives.

A large benefit of the program isthat each of the organizations gets to know the others better. The
University learns more about industria needs and becomes closdly connected with the level of high
school preparation. The high schools learn about engineering practice through interactions with Ford
and become more familiar with university expectations of high school students. Ford devel ops better
gppreciation for the educationad misson of the university and high schoals.

Finaly, the program is a chance for faculty members to appreciate the importance of high school
connections to the recruitment process. The activity helpsto dispe the notion that recruitment is solely
the admissions department’ sjob.
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Ultimately the program’s success will be seen through the increased enrollment and graduation of more
diverse engineers (especidly at UDM) and their successful careersin engineering (especialy at Ford).
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