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Engineering education is the foundation of the total engineering enterprise, which in turn, is the
engine dnvmg the whole economy. These facls bring considerable pressure on the undergraduate
engineering curriculum to Pi‘Gdi&'CE !ugu quum_y Engineering p‘i‘GJESStOFuTEgS within a limited time
span and with multiple budgetary constraints. A large-scale innovative experiment designed to
address current urgent needs involving radical changes in the first two years of the engineering
curriculum, is being conducted at Drexel University. A major goal of the experiment is to produce
future engineering graduates equipped with decision-making capabilities in addition to their

hiohly advancod torhnical ekille Ths nenovam includoc tha smothad of tonm toncrhing i covaval
riigrity QGvanicea c€CnniCas SKiis. 1€ program inciuaes ine memoa Oy iearm eadcning in severa:

interwoven courses, Mathematical and Scientific Foundations of Engineering, and Fundamentals
of Engineering along with the introduction of freshman hands-on laboratory and design
experience. The new curriculum enhances communication skills and awareness to societal
problems and at the same time is introducing some fun in the classroom. Preliminary data shows

onrnuracing voculte nnd ivanyavemaent in votontinn fouves The synprismpnt

e mow hoinaucod isn an

CRCOUIGEINE FESUWns GRG MPrOVEREns in FE@naln igirls, A€ EAPENNend iS5 NUW oting st inan

extensive student recruiting campaign.

INTRODUCTION GOALS AND OBJECTIVES
ALARGE-SCAL E innovative experiment, invoiv- Engineering education is the foundation of the
ing radical changesin the first half of the engineering total engineering enterprise, which in turn is the

curriculum, has been conducted at Drexel Uni-
versity for the past 36 months. The prolect entitled
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Engineering (E%)," is sponsored by the National
Science Foundation (NSF) (E. Fromm and R.
Quinn, prmcnpal investigators). A ma]or goal of the

Pan-\ﬁmpnf ic tn nraduce fiihire anoinearino oradn-
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ates equipped with decision-making capabilities in
addition to their highly advanced technical skills.

Introduction of hands-on laooratory experlence
along with freshman ripcmn hrmrm both fun and the

traitof synthesis tothe c]assroom The program also

mcludes the ‘method of team teachmg in several
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MCIWOoVveED courses in ine areas Ul 1VldU1CIIldll(-b d.llU.
Sciencific Foundations of Engineering, Fundamen-
tals of Engineering, and the Engineering Labora-
tory. The coupled problems of recruiting students

into anginaaring Minfavars armacranhisag) a
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once they get there, retaining them after the fresh-
men year, reached crisis proportions by the late
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1¥0US |1]. Recent resuits of the E# pl’OJ@Ct indicate
h.lﬂh nrmP(‘tgrl retention rates of 82%,
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encouraging sign. The experiment should now be
usejl in demgmng and setting up an aggressive
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engine dnvmg our economy and national security.
This fact exerts a lot of pressure on the under-

gldUUdlC t:llglllt}clulg Luuiu.uulu, Wlu&ll Uy‘ um.uy'
accounts has reached a point of incomprehensi-
bility.

Itisa commonly accepted notion that twenty-
should be

rantiiry anoinsaring oradnatec
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quipped with decision-making capabilities in
addition to their highly advanced technical skills.

Iney will need a strong foundation in basic
sciences, mathematics, and engineering fundamen-
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tals and, more importantly, an ability to apply this
wledge to solve real problems in a complex
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tion skills and capac1ty /for critical thmkmg will be
dispensable characteristics of future graduates. A

nalitical and humanictie
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responsibilities will constitute other essential traits.
An understanding of the corporate enwronment

and business basics, and an historical and societal

82%, a very perspective of the impact of technology are also
important attributes.

Our goal isto produce future engineering gradu-
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PROGRAM STRUCTURE
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t e
curriculum which is now being delivered to a
student body of 100 per class (freshman and
sophomore). First, we identified the central body of

l(nnw]pﬂgp and exnerience vital to enoineerinoe in

knowledge and experience vital to engineering in
the future, and then concentrated on the interdisci-
plinary and unifying aspects which are part of the
first haif of the curricuium. We place an emphasis
starting from the freshman vear on experimental
methods in engineering, and their use in analysis,
design, development and manufacturing This
approacii is an‘ipuucu uy LOCUSiﬁg on the compuier
as an aid to study, an object of study, and a
professional intellectual tool which has a profound

1mpact in practice and on every facet of the

anoinasaring nrafaccinn
CAiglIv LR PLULCO0IUIL.

Drexel’s curriculum spans five years and consists
of twelve resident quarter terms of three months
each and three co-op periods of six months each.
The E4 nrmer‘t concentrates on the first six resident

terms, the first half of the curriculum. Concurrent
changes will take place in the six upper-level
resident terms in each departmental program as
well as in the co-op portion of the educational
experience.

In the first six resident terms three new inter-

wnven conurcec are introducad: Mathamatical and
TPV WEL WUUMLOWY Gliv LI VUULLWVUL Aviduaviiiauiva: anng

Scientific Foundations of Engineering (MSFE),
Fundamentals of Engineering (FE) and Engineer—

Ing L,aooratory (]:‘_.L.) MSFE cnanges, umnes
mtem‘atee and Dresents in a totally different way,

the material presently contained in several courses
in mathematics physics chemjstry, and biology
FE does the same with the material presently
contained in several courses in various engineering
departments. EL provides significant new experi-
ences in laboratory theory and practice. An addi-

tinnal rantral alamant ~Af thaca rhanaoag ic that all
uUilar Coiidar CiCinciin O1 ulCsT Criaiigls 15 uldi du

three courses contain elements of design and are
intimately coupled and synchronized so that they
compiement and ampiify one another.

The central core to thic interwaven cet nf conrgac
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is FE, around which MSFE, EL and Design, an

the writing and communicative skills evolve. In the
current traditional scheme the student encounters
calculus, physics, or chemistry courses, in which
prerequisite fundamental principles are taught in
isolation from one another and from the interesting
and exciting engineering applications. Further-
more, the student is faced with multiple timetables
of course demands and milestone checks, which
further add to the isolated perception of the

material In the new F4 curricnlim the lower-
mateéral. in e new 7 curricuium, the ower

division student no longer faces a group of isolated
individual courses in mathematics, the sciences,

computer, introductory engineering, and liberal

arts studies but rather a verticallv mtearated nm‘k-

age that is team-developed and taught. He or she no
longer has a separate calculus course, for example
wwrdle 2do memren dieenmdolaln nan D £ oo S
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course, such as physics, awaits his developing

mathematical knowledge base before it can begin.
Now each academic quarter’s program is vertically
integrated while the curriculum in total is built in
the traditional serial fashion from one academic
year to the next. This combination will provide the
benefits of curricular integration while maintaining

the traditinnal hanchmarke of nroorecce
il aUnaUlid: OCHVIINAIAS UL pPrUEIitss.

The problems addressed, from the outset, are of
an engineering character and their solution pro-

JBADITIONAL CURRICULUM

Vasr Ona: ‘
Caiculus Graphical Communication
Physics: Humanitiss:

Mechanics Composition

Heat, Light, Sound Reading
Chemistry Research and Analysis
Biology Engineering Freshman
Elecuves Design
Computer Programming intro. 1o the Proiession, eic.
Year Two; )
Linear Algebra Dynamic Mechanics
Ditferential Equations Thermodynamics
Physics: Instrumentation Lab

Electricity, Magnetism Fundamentals of Materiais
Static Mechanics Social Science Courses
Year Three:
Systen Dynamics and Control Mechanics of Matenals
Magnetic Fields
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CURRICULUM DESIGN:
a
Diverging then Converging
Process
—
ENHANCED CURRICULUM
Year One:
Msthemasticai and Scientific Foundstions of Engineering i :
Mechanics Calculus Electricity & Magnetism
Dynamic & Static

Mathematical and Scientific Foundstions of Engineering Il :
Chemistry Biclogy
Fundamentals of Engineering | :

Problem Solving Computer Applications
Group Design Activities Interdisciplinary Relationships
Business Aspects Written and Oral Presentations
Engineering Laborstory | :
Experimental Methods Computer Applications
Data Collaction & Handling  Basic Elemant Characteristics
Written and Oral Prlumanom
Communicstions ;
Reading, Research Composition and Analysis

2 Wittt omed Mea] Besssmte loss
VITIUDT] Gi D TR TGy e b

Year Twe:
Energy :
Thermodynamics Magneiic Fieids, Light, Sound
Materials :
Mechanics of Materials Fundamentais of Materiais
Systems :
Dynamics of Rigid Bodi Modeling of Linear Physical Systems
Differential Equations
Fundamentals of Engineering Il :
Continuation of freshman course with advanced design projects
Engineering Laborstory Il :

Continuation of freshman course; advanced experiments that are
coordinated with the Energy, Materials and Systems courses
Ideas in History
Social science, interrelationships of social, pofitical and technological

idane and thair afante an histam,
#283aS and el Snedls On NSty

Vocee T & . _

Series Methods

Department-Specific Interfacing Courses
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ceeds by identifying and bringing problem-solving
techniques to the student. The laboratory program
and design projects simulate and experimentally
verify the classroom facets pertammg to the
engineen'ng issue using necessary mathematical
and scientific principles. This is what is referred to
as a modular approach. The assembly of modules
constitutes the program. The student responds to a
series of intellectual exercises for which the funda-

meantal nrincinlec and the tonle to enlutioneg are
TG Prliauipaod anu wit (UULG W sUiuulis aivc

brought in and taught as appropriate. The develop-
ment of these modules requires teams of faculty,
educational developers, and evaluators.

The developed and packaged modules present

the student with the appropriate matbemancal and
scientific tools, centered around the Fundamentals

415

of Engineering (FE) core. They instill in them the

inquisition, intellectual challenge and critical analy-

sisapproach. Forentryinto theupper division levels

of content progression in a thh quality common

lower division will be required before the student
~ Anen b nend ceman R P S gy

pi'uuscua o I.UC ucpadl uiciit leGLifi\., uliciitauuvll fUl
his/her professional specialty and career choice.

Design of the modules of the new curriculum is
an on-going process and the experiment is now in
its third year. The Pls assigned initial work in each

area to be done by mterdlsmplmary teams that
produced the educational objectives, subject mat-

. Original E4
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1989-'90, FRESHMAN YEAR

Year #1:
E4 lost 12 to non-
engmeenﬂg or
$3 probiems

1990-'91, SOPHOMORE
YEAR

Year #2:
E4 lost 2 to non-

Fig. 3. Drexel College of Engineering, class of 1994.



416 F. K. Tsou, D. H.

ter outlines and sequence diagram, a list of con-
cepts and engineering apphcatlons and a list of
ldUOTau‘Jr‘y expenrﬂems and instructional
resources (tests, software, etc.). The course content
of the first two years of the traditional versus that of
the enhanced curriculum is shown in Fig. 1. In
additinan tha gtindante ara ancanraced ta wark in
auJuiuvilil, I.llLa SLUUILLILD dlv viivuul CI.EUU W ywuin in

teams and give verbal reports to their peers.

PROGRAM EVALUATION AND RESULTS

SFASSAIYA L s ¥ FLEY. F e VN a2 L) ¥

The E* project is being evaluated, concurrently
with its devel 1opmem and ii‘l‘lplemt‘:ﬁmuuu 0y an
internal steering committee and an external team of
evaluators, while its overall performance towards

its goals is monitored by an outside ad visory panel

ada 11 af natinnally nraminant indn
maaGe up Ul Naulliday pilollaiiciic inGu

educational leaders.

Dramatic retention results can already be
observed from the first two years of impiementa-
tion. The same class. when comnared to the control

RaSSAA. 2 AAT ST VaAGSS, Yaian USRI PG TR A AAA0 LRSI

group (students who volunteered and were quali-
fied for the E* program, but following the lottery
did not get in) show impressive improvement.

The curves shown in Figs. 2 and 3 illustrate the
comparisons between the Tirst two E* classes and
their control groups since entering Drexel. There is

an nhvinng incraace in tha nuumhar af F4 ctndante
dall OUViIOuUSs 1NCIasc il Ul IUMMoCT U1 & SuuGliis

who are retained in engineering (marked ‘Original
E* in Eng'g’) over the number of control group
students who remain in traditional engineering
nroorams. Most of the students who leave the E4

PAVEAGilS. AVAUGL UL LT SLuUtiils Wikl ALa Ve wit

program enter the traditional engineering pro-
grams at Drexel, where they generally continue to
make good progress toward a degree. 1t should be
noted that the number retained in the E* is lower

than that of the control group. The reasons that
they leave E* are:

(1) they fail one or more of the E* courses and
cannot continue in that program as they would
lose too much time when there are no make-up
courses offered. E* is still an expenmental
program with cost constraints, and the stu-
dents would have to wait until the next acad-
emic year to retake the failed courses.

(2) they consider the workload in E* to be more
than they can handle and the load cannot be

reduced cinece there are nn “trailer centinone’ or
TCCUCEQ SHICC UNCIC are no raler seCluens, or

repeats of the courses in the following terms,
that would allow them to make adequate

progress.
Data for this year’s freshman clas
t

1004 ic currently verv cimilar
1250 1§ CUITEnuy very simuar

Fig, 3 for last year’s class.

The retention data for engineering in general,
summarized in Tabie 1 shows a very grim statistic.
At Drexel. hanvr-r the mrmrr—- is not so bad in the

traditional engineering curncula and is even better
for the students in the E* program. The data looks
P RELY - NS PR Ry o et R . ST pra—— |

algluubauuy’ UCLICL WllCll OIIC Cl’dllmlcb l.llC | cldll\'ﬂ
progress of the students in the traditional programs

Table 1. Student retention in engineering

NATIONAL AVERAGES

23% drop engmemng before graduating

As of the end of the spring term, 1990/91:

DREXEL COLLEGE OF
ENGINEERING CLASS OF 1994

Control Group (Equivalent to the E4

Arlasas)

Cias5).
» 18% withdrew,
» 7% were dropped,
* 11% changed 0 non-engineering;
* 29% were at least one course behind and
« 8% were four or more courses behind,
« ONLY 35% were "ON TRACK".
E4 Group

9% Mrhdrw

| IR [P

5% cnangea o nuu-c-ngu‘mumg.

* 25% transferred to regular engineering and
were generally only one or two courses
behind:

Dennd,

e ALL 58% of the E4  group were "ON

E YVl k!

IKACA DY the end of their sopnomor: year.

.1:)

DREXEL COLLEGE OF

\lf‘mnbl’\!ﬂ NT ACC N 1nn
EAVJALNLGLERLING Vinadd VL 177

th

Control Group:
o 12% withdrew:,
. 1% were dromed:
* 2% cmmgea o nun-algmmm
+ 53% were at least one course behind and

* 11% were four or more courses behind,
- (;.IM’I'V 2AUA, wara "N TPA("I""

iVhid D IU YV NAW SV davidies

=l
&

Group:

» 4% withdrew:,

1% changed 10 non-engineering

21.4% wansferred o regular engineering only

one or two courses behind:

» ALL 74% of the E4 group were "ON
TRACK".

versus those in the E* program. The percentage not

behind in any of their courses, is dramatically
better in the E* program.

Numerous attitude surveys are conducted to
ascertain how the students view the E* progranm,

whila thav are in the nraooram ac wall ac in ‘PY'If
YYALLIN ul\-’] CALl%W LI LW Pl U&lmll €A YY WAL AD Aka

interviews’ when they leave the program, whether
voluntarily or not. In almost every case, the stu-

dents rﬁally en_]oy the worK partlcmarly the team
activitieg in recitations and labs. and the individual

A Vanatad 222 ATRANGLAVAAS GALs AGUS, A0 A% 22222

and team design projects that they are assigned to
do nearly every term. The attitudes of the control
PR PRSI PHgE. [ . Jup, T4 ic Alanr
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that the F# students have a much better sense of
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what engineering is about and why they are taking
the courses given in the E* program. They also have
a very positive attitude about themselves, about
their coursework and the faculty who they see as
quite helptul and interested in them. It 1s note-

wnrthu that aftar a few termec in the F4 nraoram tha
AAAY DS ‘JIJ BLACAL CALALW Ll O AW YY LWl BERD MLL LAl A Pl. UE‘ Ll ul\-'

students begin to look to themselves for reasons for
not doing better, rather than blaming it on the

facuity or other causes. The facuity in the E*
program uenernl]v feel very excited about the

curriculum, as well as by the motivation and quality
of the students, who are not chosen for their past
academic performance, but by lottery from a
population of E* program volunteers from the

entire freshman engineering class. The first year’s

admitted E* students did have a requirement that
,,,,,,,,,,, al 11NN L..a. abL

their SAT score be grcatcr tnan 110U, but the
following two freshmen E* classes had no quch

requ:rement The faculty work more closely with
the E* students and have come to believe that the

ctndante ara miinrh hattar and mara mativatad than
DLUUILVIILY Al 111uULVll UvlLivl Allu 1iviv vl valvud uiaia

previously thought when opinions were based on
the students’ freshman year performance in the
traditional engineering program, which was mostly

their nerformance in icolated gcience courceg with

LLATAL PR aIIQUI T L2 SOUNGAITAE SLITAILT LULIGNS Wil

no engineering applications. We are very encour-
aged by the E* program results and their 1mplica-

tions on a national scale, when t:xpuru:u to other
institutions.
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the engineering curriculum under the sponsorship of the National Science Foundauon.
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Dr Thomas’s other research and teaching interests include design engineering, system

dynarmcs and control, computer—alded draftmg and design, and biomechanics. He also
actively consuits in the areas of product safety and liability, human factors, accident

reconstruction, machine design, and vehicle dynamics.

Dr Tsou received his M .S degree in Mechanical Engineering from the University of Toronto
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in 1958 and his Ph.D. degree from the University of Minnesota in 1965. He joined the
Mechanical Engineering and Mechanics Department, Drexel University in the same year,
where he has been an Assisiant Professor, Associaie Professor and Professor in the MEM
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Dr Tsou is currently a Research Professor and a Fellow of ASME. His main research is in

the heat transfer area where he performed pioneering research in the heat transfer of moving
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describing these complex phenomena. In the film cooling of gas turbines, his work led to
effective cooling of turbine blades through innovative design of injection slots. He developed
the concept of abiative cooling for gun barreis, and formuiated a theory that successfuiiy

describes this method, Dr Tsou naved the way for a hichlv successful and visible US-China
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cooperative research program in heat transfer, and helped create effective professional
linkagcs between researchers in the two countries. Through his efforts, heat transfer became

the first engineering discipline to be formally accepted in the science and technology
agreement between the US and China. This brought about new funding that benefited
members of the heat transfer community of both countries. Four years ago, Dr Tsou directed

his effort toward the initiation of joint research in space appllcatlons with Taiwan, which
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