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Abstract 

Design in the engineering curriculum has received consid- 
erable attention over the last several years. Our experi- 
ences at Northem Arizona University with a senior level 
capstone engineering design course have demonstrated the 
educational value of complex and challenging design tasks 
pe8ormed on a real project for a real customel: Observ- 
ing the design teams in action and evaluating the results 
of their efforts, however; clearly shows that the students 
enter the senior design course with strong analytical skills 
and endless enthusiasm but without adequate experience 
in doing design, dealing with uncertainty, working as part 
of a team, and implementing a complex project. To cor- 
rect this lack of preparation we decided to implement some 
changes in our engineering curriculum and piloted an in- 
terdisciplinary sophomore level design course in the Fall 
I994 semester [ I ]  

The experimental course was structured as a sim- 
ulated engineering company dealing with the design of 
robotic devices for use in hazanlous materials handling. 
An interdisciplinary team of six faculty played the roles of 
company president, four division managers, and a qual- 
ity managel: Thirty-three students played the roles of de- 
sign engineers, with each division of the company having 
approximately two students from each of the four engi- 
neering disciplines (electrical, mechanical, civil / environ- 
mental, and computer science). A member of the college's 
industrial advisory board played the role of our customer; 
and our campus safety oficer played the role of an En- 
vironmental Protection Agency representative. The course 
dealt with technical, legal, ethical, financial, and person- 
nel issues and addressed problems of incomplete infor- 
mation, limited resources and materials availability, team 
dynamics, and employee and public safety. Communica- 
tion and documentation were emphasized through written 
and e-mail status reports, design reviews, fonnal presenta- 
tions, and the use of computer tools for scheduling, design, 
and presentation. The course ended up with four differ- 
ent working models of computer controlled robotic devices 

and 33 students that can hardly wait for the next design 
course. 

The sophomore design course was a great success and 
has led each of the engineering departments to permanently 
incorporate sophomore and junior level interdisciplinary 
design courses into their programs of study. Both courses 
will be offered beginning in the Fall 1995 semestel; and will 
be structured as one expanded engineering corporation. 

The challenge that we now face is to structure these 
courses with a reasonable student to faculty ratio while 
still maintaining the team teaching approach and the simu- 
lated corporate structure. This paper addresses these issues 
and describes the first offering of the two linked, interdisci- 
plinary design courses. 

Two New Courses 

The brief catalog descriptions can only give a hint of the 
complexity of these new courses: 

0 EGR 286 Engineering Design, The Process: The en- 
gineering design process, cost constraints, communi- 
cation skills, teamwork, and computer skills useful in 
accomplishing project design. 
EGR 386 Engineering Design, The Methods: Applica- 
tion o f  numerical methods, statistics, economics, sus- 
tainabledevelopment, and production techniques in the 
steps of the engineering design process. 

0 

The new Sophomore and Junior design courses are required 
for all engineering majors entering the college starting with 
the Fall 1995 semester. Full-up operation of the two courses 
will commence in the Fall 1996 semester, with a capacity 
of 64 students in each course. Preliminary offerings of the 
courses will be made during the 1995-96 academic year, 
with capacities of 32 students; this ramp-up period will 
provide an opportunity to debug the courses and to accom- 
modate current students that wish to convert to the new 
catalog requirements. 

The theme for these courses is that of an interdisci- 
plinary design team working within an engineering com- 
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pany on a complex project. The structure of that project is 
critical, for it must contain a number of elements to pro- 
vide a wide range of leaming opportunities for each of the 
different engineering majors involved: 
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mechanical structure and mechanisms 
electrical sensors and actuators 
computer control and status displays 
environmental concerns 
physical site characteristics such as soil types, drainage 
pattems, topography, access, etc. 
engineering economics 
numerical analysis 
statistics 
material selection 
safety 
regulations and legal issues 
ethics and professionalism 
computer design and documentation tools 
computer presentation tools 
team interaction and leadership 
verbal, written, and computer communications 
proposals 
specifications 
schedules 
budgets 
reports 
presentations 
customer interaction 

The Corporate Environment 

The operating environment is almost as important as the 
nature and complexity of the design project itself. Our ob- 
jective is to closely simulate the environment within which 
a practicing engineer works; this is accomplished through 
role play, with the college becoming a company, faculty 
becoming the management team, and the students being 
practicing engineers. 

The objective of using a simulated corporate structure 
is to provide an opportunity for the students to integrate the 
knowledge, tools, and skills developed in individual and 
sometimes isolated courses and to apply these to complex 
engineering tasks within a realistic environment. Several 
key elements of this environment that are often missing 
from the classroom are: 

Figure 1. Company Structure 

planning, coordinating, and communicating 
e being a leader, and following the leadership of others 
e making decisions and taking risks 
e evaluating altematives, changing directions when 

needed 
e doing things you have never done before, expanding 

your capabilities 
e selling your capabilities and your ideas 

The corporate environment, however, requires a reorienta- 
tion of the teaching team: 

function as a management team, not a teaching team 
participate, be involved in the process 
provide leadership, direction, and review 
conduct workshops, seminars, and training sessions; 
not lectures 
deal with students, not as students but as recently grad- 
uated professional engineers 
watch carefully for conflicts within teams and correct 
problem quickly 
use role play to introduce subjects such as ethics 
demonstrate good communication and presentation 
techniques by example 

e 

o 

e 

complex interactions with other people, particularly 
from different engineering disciplines 
working as an individual within a team 
dealing with incomplete or uncertain information 
being responsible, and dealing with others that may not 
be 
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The organizational structure of the simulated company is 
shown in Figure 1. The teaching team is comprised of five 
members, with one representative from each of the four en- 
gineering disciplines within the college and one faculty with 
expertise in company organization and management. The 
representatives from the mechanical, civil & environmen- 
tal, electrical, and computer science engineering disciplines 
each wears two hats: 1) divisionmanager (1ineposition)and 
2) chief engineer (staff position). As manager of one of the 
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company’s four divisions, each oversees the activities of 
the sections within hisher division. At the same time, each 
of the four chief engineers provides technical guidance and 
consultation to the engineers in all sections and divisions of 
the company. The fifth member of the teaching team plays 
the role of president of the company and deals with issues of 
leadership, team dynamics, finance, quality, ethics, safety, 
and law. 

Each Division of the company is comprised of several 
Sections, with each section being staffed by eight engineer- 
ing students representing four different discipline areas. As 
shown in Figure 2, each Section is an interdisciplinary team 
of eight engineers, with one of the members serving in a 
leadership role. 

Each Junior Section is linked to a Sophomore Section, 
and they workjointly on the design project. The Junior Sec- 
tion has primary responsibility for the project and serves as 
the company interface with the customer; subcontracting a 
portion of the design, construction, test, and documentation 
tasks to the associated Sophomore Section. The Junior Sec- 
tion acts as the “customer” for the Sophomore Section, re- 
views their deliverables, and conducts design and schedule 
reviews. The goal is to have the Juniors use their previous 
project design experience to help teach the Sophomores the 
engineering design process. 

The design project is carefully structured to provide 
identifiable tasks that are relevant to each of the engineer- 
ing disciplines at both the sophomore and junior levels. 
Constraints are placed on the division of labor between the 
sophomore and junior so that opportunities for challenge 
and learning are appropriately balanced and the success of 
one group is not contingent on the performance of the other. 

Previous Experience 

The Fall 1994 project involved a scenario structured around 
a hazardous waste processing site located in a decommis- 
sioned underground ICBM complex in southern California. 
A drum of toxic chemicals was being transported through 
an underground tunnel on its way to the incineration cham- 
ber when an earthquake occurred. The drum was aban- 

doned when the crew escaped from the tunnel. The facility 
operator contacted our engineering firm, On-line Disas- 
ter Response Action Teams (ODRAT), to develop a special 
purpose computer controlled robotic device to negotiate the 
tunnel, locate and retrieve the drum, and deposit it safely 
outside the tunnel entrance. Because of the criticality of the 
project, ODRAT decided to have four teams work in paral- 
lel, with each developing their own solution to the retrieval 
problem and an appropriate design for the robotic device. 
The design approaches were evaluated by designing and 
building a scale model of the four robotic devices and then 
testing them in a mock-up of the tunnel. 

Structuring the course within the context of an engi- 
neering design company was very effective and provided a 
learning environment and level of student interest and mo- 
tivation seldom seen in more traditional courses. A member 
of the college’s industrial advisor board played the role of 
the customer and made a brief visit to set the stage for 
the project; his performance was so realistic that several 
students asked if they could visit the damaged facility in 
southern California to survey the situation first hand. 

This fictitious facility and the drum of classified toxic 
chemicals in an uncertain location in the underground tun- 
nel continued to provide an opportunity to convey informa- 
tion to the students in an incremental fashion and allowed 
the teaching team to control the complexity of the project 
based on how the design teams were progressing. This de- 
gree of flexibility and control is a very strong argument 
in favor of artificially structured projects that realistically 
simulate a plausible real world situation. 

This first project provided strong technical challenges 
for the mechanical, electrical, and computer science en- 
gineers; and the environmental engineers were concemed 
with the hazards involved. The civil engineers had few spe- 
cific technical tasks other than determining the exact loca- 
tion of the drum within the tunnel; they did however, assume 
a very strong leadership role and provided general support 
to the other members on their teams. The next project will 
be structured to include more civil engineering content. 

Our engineering programs contain anumber of courses 
that are common to all the engineering majors, at least for 
the first three or four semesters. Since their training up to 
this point was mostly undifferentiated, our expectation was 
that the students on each team would work freely across 
discipline boundaries. However, this was not the case; their 
interest and performance were strongly along discipline 
lines, even though their training and abilities were not yet 
specialized. Future projects must accommodate this strong 
division of interests. 
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The Design Project 

The Fall 1995 project involves the design of a system for 
separation of recyclable materials. A mixture that may con- 
tain glass, plastic, aluminum, steel, and paper is trucked 
to a site and dumped into a pit. A continuous-flow feed 
system transports the material from the pit to a sorting sys- 
tem. The feed system must regulate the material flow rate 
so that the sorting system inlet hopper stays Bled between 
specific lower and upper limits. The sorting system extracts 
different recyclable materials and conveys them into sepa- 
rate bins. When any bin is full, the system must pause until 
the bin is removed and replaced with an empty one. Both 
the feed and sorting systems must be fully automated using 
computer control. Each system must have a computer dis- 
play that shows system status; the two system computers 
must be linked so that total system status information can 
be exchanged and displayed on either computer. 

A local physical site will be used as the intended lo- 
cation for the facility. The civil engineers will develop plot 
plan and topographic maps of the site, investigate soil types, 
design drainage and containment system, and design road- 
way access. 

The environmental engineers will perform an environ- 
mental impact study for the project, design contamination 
prevention and control systems, and develop safety and in- 
cident reporting procedures. There is a risk that some of 
the material brought to the site might be contaminated with 
household or industrial toxic substances. 

Scale working models of the feed and sorting system 
will be designed and tested to verify the design concepts. 
The civil engineers will design the stmctural portion of the 
systems. The mechanical engineers will be responsible for 
all mechanisms and will work with the electrical engineers 
in the design of power, sensor, and control system. Soft- 
ware and computer interfacing design will be done by the 
computer science engineers. All engineers will work jointly 
on the overall systems engineering tasks. 

Many of the system requirements will be loosely de- 
fined and open-ended. For example, the design teams will 
decide which specific materials that their system will be 
capable of sorting out. Much of the project will involve 
the design, construction, and testing of the model systems. 
However, the teaching (management) team has the option 
to incorporate additional design investigations related to 
the real site; for example: establishing water and electrical 
power requirements and contacting local utility companies 
to get design requirements and cost estimates, or contact- 
ing local and state agencies to determine permitting and 
inspection requirements. 

Figure 3. Class 
Interaction 
Pattems 

Making It Work 

Five faculty, 128 students, 4 classrooms, 4 laboratories, 
class schedules, and project materials: how do you pull it 
all together? 

One of the major concerns encountered in the prototype 
Sophomore level course was the low student to faculty 
ratio of 5.5 to 1. The ratio for the Fall 1995 semester will 
nominally be 12.8 to 1, and will increase to 25.6 to 1 in 
Fall 1996 when 5 faculty will work as a team to serve 
128 students. This does, however, present a considerable 
coordination challenge for the faculty. 

Course section enrollment will be limited to 32 stu- 
dents, with the sophomore and junior courses each having 
two sections. Each section will meet in a separate class- 
room, but at the same time. Two of the classrooms will 
have capacity for 64 students to facilitate joint sessions. 
Each class section of 32 students will be the primary re- 
sponsibility of one faculty member. 

Four different class interaction pattems will be used, 
as shown in Figure 3. 

(1) The four groups working independently with one fac- 

(2) Two Sophomore or two Junior groups working together 

(3) A pair of Sophomore and Junior groups working to- 

(4) All groups working together with one to five faculty 

ulty member per group. 

with one or two faculty members. 

gether with one or two faculty members. 

members or a guest speaker. 

Class meeting times are areal challenge. The design courses 
carry three credit hours, consisting of two “lecture” credit 
hours (100 minutes per week) and one “lab” credit hour 
(150 minutes per week) for a 15 week semester. The ex- 
perimental Sophomore design course conducted in the Fall 
1994 semester met twice weekly for 125 minutes each ses- 
sion. This class duration was a departure from our standard 
50 minute MWF lectures, 75 minute TuTh lectures, and 150 
minute lab sessions, but was designed to allow a combina- 
tion of “lecture” and “lab” activities on either meeting day. 
Lecture activities include traditional lecture and discussion 
as well as group or team building activities, while lab activ- 
ities include project related team meetings and time to work 
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individually or in small groups on the design project. A sim- 
ilar schedule will be followed for the Fall 1995 semester, 
except that the meetings had to be scheduled for 160 min- 
utes on Tuesdays and 90 minutes on Thursdays to minimize 
conflicts with other course meeting times. 

A revised schedule will be adopted starting in the 
Spring 1996 semester. The university standard meeting 
times will be followed, with 50 minute “lecture” sessions 
on Monday and Wednesday and a 150 minute “lab” session 
on Tuesday or Thursday. This does not provide quite the 
flexibility of two longer sessions per week, but it does avoid 
conflicts with the rest of the scheduling system. 

There will be four laboratory rooms used, with half the 
linked junior/sophomore teams meeting on Tuesdays and 
the other half on Thursdays: 

0 mechanicallab 
0 electricallab 
0 

0 

In addition to the scheduled lab sessions, the laboratories 
will be accessible in the evenings and on the weekends. 
Experience has shown that once the students get involved 
in the design project, they tend to spend a lot of time in the 
labs. 

Selection and procurement of project materials can be 
a major headache. In the Fall 1994 course, we set up an 
elaborate system of approved parts, complete with an il- 
lustrated parts listing. Students were limited to using only 
materials from the approved list. They had to deal with a 
limited materials budget, varying delivery times, and out 
of stock and discontinued items. The system was much 
too time consuming for the teaching team and the students 
found it frustrating. 

civil and environmental work area 
computer and system integration lab 

The new materials system is very simple. Each team 
has a fixed real dollar budget, within which they must pro- 
cure the materials they wish to use from whatever sources 
they choose. The equivalent cash value of donated materials 
are subtracted from the team budget. All costs are absorbed 
by the college; the students are not allowed to spend their 
own money. 

Conclusion 

How better to learn engineering than by doing engineering? 
How better to learn how engineers work than to work the 
way engineers do? The doing of interdisciplinary engineer- 
ing design within a simulated corporate structure accom- 
plishes both of these goals. We are not alone in this belief; 
other schools are developing unique and innovative design 
courses. Arizona State University has a two semester se- 
nior level course titled “The Virtual Corporation.” We are 
beginning to explore linkages with other schools, includ- 
ing Cogswell College and the University of Cincinnati, in 
which our students would share design, fabrication, and 
documentation tasks and exchange design information via 
electronic mail. The possibilities are very exciting. 
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