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FOREWORD

Welcome to the tenth annual issue of the National
Science Foundation Engineering Senior Design Pro-
jects to Aid Persons with Disabilities. In 1988, the
National Science Foundation (NSF) began a program
to provide funds for student engineers at universities
throughout the United States to construct custom de-
signed devices and software for individuals with dis-
abilities. Through the Bioengineering and Research
to Aid the Disabled (BRAD) program of the Emerging
Engineering Technologies Division of NSF,! funds
were awarded competitively to 16 universities to pay
for supplies, equipment and fabrication costs for the
design projects. A book entitled, NSF 1989 Engineer-
ing Senior Design Projects to Aid the Disabled was pub-
lished in 1989, reporting on the projects that were
funded during the first year of this effort.

In 1989, the BRAD program of the Emerging Engi-
neering Technologies Division of NSF increased the
number of universities funded to 22 in 1989. Fol-
lowing completion of the 1989-1990 design projects, a
second book was published, describing these projects,
entitled, NSF 1990 Engineering Senior Design Projects to
Aid the Disabled.

North Dakota State University (NDSU) Press pub-
lished the following three issues. NSF 1991 Engineer-
ing Senior Design Projects to Aid the Disabled described
the almost 150 projects carried out by students at 20
universities across the United States during the aca-
demic year 1990-91. NSF 1992 Engineering Senior De-
sign Projects to Aid the Disabled presented the almost
150 projects carried out by students at 21 universities
across the United States during the 1991-92 academic
year. The fifth issue described 91 projects carried out
by students at 21 universities across the United States
during the 1992-93 academic year.

Creative Learning Press, Inc. has published the suc-
ceeding volumes. NSF 1994 Engineering Senior Design

1 In January of 1994, the Directorate for Engineering
(ENG) was restructured. This program is now in the
Division of Bioengineering and Environmental Sys-
tems, Biomedical Engineering & Research Aiding Per-
sons with Disabilities Program.
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Projects to Aid the Disabled, published in 1997, ce-
scribed 94 projects carried out by students at 19 uni-
versities across the United States during the academic
1993-94 year.

NSF 1995 Engineering Senior Design Projects to Aid the
Disabled, published in 1998, described 124 projects
carried out by students at 19 universities during the
1994-95 academic year.

NSF 1996 Engineering Senior Design Projects to Aid Per-
sons With Disabilities, published in 1999, presented 93
projects carried out by students at 12 universities dur-
ing the 1995-96 academic year.

The ninth issue, NSF 1997 Engineering Senior Design
Projects to Aid Persons with Disabilities, published in
2000, included 124 projects carried out by students at
19 universities during the 1994-95 academic year.

This book, funded by the NSF, describes and docu-
ments the NSF-supported senior design projects dur-
ing the tenth year academic year of this effort, 1997-
98. Each chapter, except for the first three, describes
activity at a single university, and was written by the
principal investigator(s) at that university, and -
vised by the editors of this publication. Individuals
wishing more information on a particular design
should contact the designated supervising principal
investigator. An index is provided so that projects
may be easily identified by topic.

It is hoped that this book will enhance the overall
quality of future senior design projects directed -
ward persons with disabilities by providing exam-
ples of previous projects, and by motivating faculty at
other universities to participate because of the poten-
tial benefits to students, schools, and communities.
Moreover, the new technologies used in these projects
will provide examples in a broad range of applica-
tions for new engineers. The ultimate goal of both
this publication and all the projects that were built
under this initiative is to assist individuals with dis-
abilities in reaching their maximum potential for en-
joyable and productive lives.

This NSF program has brought together individuals
with widely varied backgrounds. Through the rich-



ness of their interests, a wide variety of projects were
completed, and are in use. A number of different
technologies were incorporated in the design projects,
to maximize the impact of each device on the individ-
ual for whom it was developed.

A two-page project description format is generally
used in this text. Each project is introduced with a
nontechnical description, followed by a summary of
impact that illustrates the effect of the project on an
individual’s life. A detailed technical description
then follows. Photographs of the devices and other
important components are incorporated throughout
the manuscript.

None of the faculty received financial remuneration
for supervising the building of devices or writing
software within this program. Each participating
university typically has made a five-year commitment
to the program.

Sincere thanks are extended to Dr. Allen Zelman, a
former Program Director of the NSF BRAD program,
for being the prime enthusiast behind this initiative.
Additionally, thanks are extended to Drs. Peter G. Ka-
tona, Karen M. Mudry, Fred Bowman and Gil Devey,
former and current NSF Program Directors of the
Biomedical Engineering and Research to Aid Persons
with Disabilities Programs, who have continued to
support and expand the program.

We acknowledge and thank Ms. Shari Valenta for the
cover illustration and the artwork throughout the
book, drawn from her observations at the Children's
Hospital Accessibility Resource Center in Denver,
Colorado. We also acknowledge and thank Mr. Wil-
liam Pruehsner for technical illustrations and Dr.
Leon Anderson, Ms. Lollie Vaughan, Ms. Leetal Cu-
perman, Ms. Kirsten Carr, Ms. Carrie Brannon, and
Mrs. Jean Hallowvell for editorial assistance.

The information in this publication is not restricted in
any way. Individuals are encouraged to use the pro-
ject descriptions in the creation of future design pro-
jects for persons with disabilities. The NSF and edi-
tors make no representations or warranties of any
kind with respect to these design projects, and spe-
cifically disclaim any liability for any incidental or
consequential damages arising from the use of this
publication. Faculty members wsing the book as a
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guide should exercise good judgment when advising
students.

Readers familiar with previous editions of this book
will note that John Enderle moved from North Dakota
State University to the University of Connecticut in
1995. With that move, annual publications also
moved from NDSU Press to Creative Learning Press
Inc. in 1997. During 1994, Enderle also served as NSF
Program Director for the Biomedical Engineering &
Research Aiding Persons with Disabilities Program
while on a leave of absence from NDSU.

Brooke Hallowell is a faculty member in the School of
Hearing and Speech Sciences at Ohio University.
Hallowell’s primary area of expertise is in neurogenic
communication disorders. She has a long history of
collaboration with colleagues in biomedical engineer-
ing, in curriculum development, teaching, assess-
ment, and research.

The editors welcome any suggestions as to how this
review may be made more useful for subsequent
yearly issues. Previous editions of this book are
available for viewing at the WEB Site for this project:

http://nsf-pad.bme.uconn.edu/.

John D. Enderle, Ph.D., Editor

Department of Electrical & Systems Engineering
260 Glenbrook Road, U-157

University of Connecticut

Storrs, Connecticut 06269-2157

Voice: (860) 486-5521

FAX: (860) 486-2447

E-mail: jenderle@bme.uconn.edu

Brooke Hallowell, Ph.D., Editor

School of Hearing and Speech Sciences
Lindley Hall 208

Ohio University

Athens, OH 45701

Voice: (740) 593-1356

FAX: (740) 593-0287

E-mail: hallowel@ohio.edu

December 2000
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CHAPTER 1
INTRODUCTION

John Enderle and Brooke Hallowell

Devices and software to aid persons with disabilities
often need custom modification, are prohibitively ex-
pensive, or nonexistent. Many persons with disabili-
ties do not have access to custom modification of
available devices and other benefits of current tech-
nology. Moreover, when available, engineering and
support salaries often make the cost of custom modi-
fications beyond the reach of the persons who need
them.

In 1988, the National Science Foundation (NSF),
through its Emerging Engineering Technologies Divi-
sion, initiated a program to support student engineers
at universities throughout the United States design-
ing and building devices for persons with disabilities.
Since its inception, this NSF program (originally
called Bioengineering and Research to Aid the Dis-
abled) has enhanced educational gportunities for
students and improved the quality of life for indi-
viduals with disabilities. Students and university
faculty provide, through their Accreditation Board for
Engineering and Technology (ABET) accredited sen-
ior design class, engineering time to design and build
the device or software. The NSF provides funds, com-
petitively awarded to universities for supplies,
equipment and fabrication costs for the design pro-
jects.

Outside of the NSF program, students are typically
involved in design projects that incorporate academic
goals for solid curricular design experiences, but that
do not necessarily enrich the quality of life for per-
sons other than, perhaps, the students themselves.
For instance, students might design and construct a
stereo receiver, a robotic unit that performs a house-
hold chore, or a model racecar.

Under this NSF program, engineering design stu-
dents are involved in projects that result in original

devices, or custom modifications of devices, that im-
prove the quality of life for persons with disabilities.
The students have opportunities for practical and
creative problem solving to address well-defined
needs, and persons with disabilities receive the prod-
ucts of that process. There is no financial cost in-
curred by the persons served in this program. Upon
completion, the finished project becomes the property
of the individual for whom it was designed.

The emphases of the program are to:

Provide disabled children and adults stu-
dent-engineered devices or software to im-
prove their quality of life and provide greater
for self-sufficiency;

Enhance the education of student engineers
by designing and building a device or soft-
ware that meets a real need; and

Allow the university an opportunity for
unique service to the local community.

Local school districts and hospitals participate in the
effort by referring interested individuals to the pro-
gram. A single student or a team of students specifi-
cally designs each project for an individual or a
group of individuals with a similar need. Examples
of projects completed in years past include a laser-
pointing device for people who cannot use their
hands, a speech aid, a behavior modification device, a
hands-free automatic answering and hang-up tele-
phone system, and an infrared beacon to help a blind
person move around a room. The students participat-
ing in this project have been singularly ewarded
through their activity with persons with disabilities,
and justly have experienced a unique sense of pur-
pose and pride in their accomplishment.
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The Current Book

This book describes the NSF supported senior design
projects during the tenth year of this effort during the
academic year 1997-98. The purpose of this publica-
tion is twofold. First, it is to serve as a reference or
handbook for future senior design projects. Students
are exposed to this unique body of applied informa-
tion on current technology in this and previous edi-
tions of this book. This provides an even broader
education than typically experienced in an under-
graduate curriculum, especially in the area of reha-
bilitation design. Many technological advances
originate from work in the space, defense, entertain-
ment and communications industry. Few of these
advances have been applied to the rehabilitation
field, making the contributions of this NSF program
all the more important.

Secondly, it is hoped that this publication will serve
to motivate students, graduate engineers and others
to work more actively in rehabilitation. This will
ideally lead to an increased technology and
knowledge base to dfectively address the needs of
persons with disabilities.

This introduction provides background material on
the book, elements of design, and highlights the engi-
neering design experiences at three universities that
have participated in this effort.

After the introduction, 17 chapters follow, with each
chapter devoted to one participating school. At the
start of each chapter, the school and the principal in-
vestigator(s) are identified. Each project description is
written using the following format. On page one, the
individuals involved with the project are identified,
including the student(s), the professor(s) who super-
vised the project, and key professionals involved in
the daily lives of the individual for whom the project
has been developed. A brief nontechnical description
of the project follows with a summary of how the pro-
ject has improved a person’s quality of life. A photo-
graph of the device or the device modification is usu-
ally included. Next, a technical description of the de-
vice or device modification is given, with parts speci-
fied only if they are of such a special nature that the
project could not otherwise be fabricated. An go-
proximate cost of the project is provided, excluding
personnel costs.

Most projects are described in two pages. However,
the first or last project in each chapter is usually sig-
nificantly longer and contains more analytic content.
Individuals wishing more information on a particular
design should contact the designated aupervising
principal investigator.

Some of the projects described are custom modifica-
tions of existing devices, modifications that would be
prohibitively expensive were it not for the student en-
gineers and this NSF program. Other projects are
unique me-of-a-kind devices wholly dcsigned and
constructed by the student for the disabled individ-
ual.

Engineering Design

As part of the accreditation process for university en-
gineering programs, students are required to complete
a minimum number of design credits in their course
of study, typically at the senior level.1.2 Many call this
the capstone course. Engineering design is a course or
series of courses that brings together concepts and
principles that students learn in their field of study. It
involves the integration and extension of material
learned throughout an academic program to achieve
a specific design goal. Most often, the student is ex-
posed to system-wide analysis, critique and evalua-
tion. Design is an iterative decision making process
in which the student optimally applies previously
learned material to meet a stated objective.

There are two basic approaches to teaching engineer-
ing design, the traditional or discipline-dependent
approach, and the holistic approach. The traditional
approach involves reducing a system or problem into
separate discipline-defined components. This -
proach minimizes the essential nature of the system
as a holistic or complete unit, and often neglects the
interactions that take place between the components.
The traditional approach usually involves a sequen-

1 Accrediting Board for Engineering and Technology
(1999). Accreditation Policy and Procedure Manual
Effective for Evaluations for the 2000-2001 Accredita-
tion Cycle. ABET: Baltimore, MD.

2 Accrediting Board for Engineering and Technology
(2000). Criteria for Accrediting Engineering Programs.
ABET: Baltimore, MD.
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tial, iterative approach to the system or problem, and
emphasizes simple cause-effect relationship.

A more holistic approach to engineering design is be-
coming increasingly feasible with the availability of
powerful computers and engineering software pack-
ages, and the integration of systems theory, which
addresses interrelationships among system compo-
nents as well as human factors. Rather than parti-
tioning a project based on discipline-defined compo-
nents, designers partition the project according to the
emergent properties of the problem.

A design course provides opportunities for problem
solving relevant to large-scale, open- ended, complex,
and sometimes ill-defined systems. The emphasis of
design is not on learning new material. Typically,
there are no required textbooks for the design course,
and only a minimal number of lectures are presented
to the student. Design is best described as an indi-
vidual study course where the student:

Selects the device or system to design
Writes specifications

Creates a paper design

Analyzes the paper design
Constructs the device

Evaluates the device

Documents the design project

Project Selection

In a typical NSF design project, hie student meets
with the client (a person with a disability and/or a
client coordinator) to assess needs and to help iden-
tify a useful project. Often, the student meets with
many clients before finding a project for which his or
her background is suitable.

After selecting a project, the student then writes a
brief description of the project for approval by the
faculty supervisor. Since feedback at this stage of the
process is vitally important for a successful project,
students usually meet with the client once again to
review the project description.

Projects are often undertaken by teams of students.
One or more members of a team meet with one or more
clients before selecting a project. After project selec-
tion, the project is partitioned by the team into logical
parts, and each student is assigned one of these parts.
Usually, a team leader is elected by the team to ensure
that project goals and schedules are satisfied. A team
of students generally carries out multiple projects.

Project selection is highly variable depending on the
university, and the local health care facilities. Some
universities make use of existing technology to ck-
velop projects to aid the disabled by accessing data-
bases such as ABLEDATA. ABLEDATA includes in-
formation on types of assistive technology, consumer
guides, manufacturer directories, commercially avail-
able devices, and one-of-a-kind customized devices.
In total, this database has over 23,000 products from
2,600 manufactures and is available from:

http://www.abledata.com
or
(800) 227-0216

More information about this NSF program is avail-
able at:

http://nsf-pad.bme.uconn.edu

Specifications

One of the most important parts of the design process
is determining the specifications, or requirements that
the design project must fulfill. There are many differ-
ent types of hardware and software specifications.

Prior to the design of a project, a statement as to how
the device will function is required. Operational
specifications are incorporated in determining the
problem to be solved. Specifications are defined such
that any competent engineer is able to design a device
that will perform a given function. Specifications de-
termine the device to be built, but do not provide in-
formation about how the device is built. If several en-
gineers design a device from the same specifications,
all of the designs would perform within the given tol-
erances and satisfy the requirements; however, each
design would be different. No manufacturer's name
or components are stated in specifications. For ex-
ample, specifications do not list electronic compo-
nents or even a microprocessor since use of these
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components implies that a design choice has been
made.

If the design project involves modifying an existing
device, the modification should be fully described in
as much detail as possible in the specifications. Spe-
cific components of the device, such as microproces-
sors, LEDs, and electronic parts, should be described.
Descriptive detail is gopropriate because it defines
the environment to which the design project must in-
terface. However, the specifications for the modifica-
tion should not provide any information about how
the device is to be built.

Specifications are usually written in a report that
gualitatively describes the project as completely as
possible, and how the project will improve the life of
an individual. It is also important to explain the mo-
tivation for carrying out the project. The following is-
sues are addressed in the specifications:

What will the finished device do?
What is unusual about the device?

Specifications include a technical description of the
device, and all of the facts and figures needed to com-
plete the design project. The following are examples
of important items included in technical specifica-
tions.

Electrical Parameters

interfaces

voltages
impedances

gains

power output
power input

ranges

current capabilities
harmonic distortion
stability

accuracy

precision

power consumption

Mechanical

size
weight
durability

accuracy
precision
vibration

Environmental

location
temperature range
moisture

dust

Paper Design and Analysis

The next phase of the design is the generation of pos-
sible solutions to the problem based on the specifica-
tions, and selection of the optimal solution. This in-
volves creating a paper design for each of the solu-
tions and evaluating performance based on the speci-
fications. Since design projects are open-ended, many
solutions exist, solutions that often require a multid-
isciplinary system or holistic approach for a success-
ful and useful product. This stage of the design proc-
ess is typically the most challenging because of the
creative aspect to generating problem solutions.

The specifications previously described are the cri-
teria for selecting the best design solution. In many
projects, some specifications are more important than
others, and trade-offs between specifications may be
necessary. In fact, it may be impossible to design a
project that satisfies all of the design specifications.
Specifications that involve some degree of flexibility
are helpful in reducing the overall complexity, cost
and effort in carrying out the project. Some specifica-
tions are absolute and cannot be relaxed.

Most projects are designed in a top-down approach
similar to the approach of writing computer software
by first starting with a flow chart. After the flow chart
or block diagram is complete, the next step involves
providing additional details to each block in the flow-
chart. This continues until sufficient detail exists to
determine whether the design meets the specifications
after evaluation.

To select the optimal design, it is necessary to analyze
and evaluate the possible solutions. For ease in
analysis, it is usually easiest to use computer soft-
ware. For example, PSpice, a circuit analysis pro-
gram, easily analyzes circuit analysis problems.
Other situations require that a potential design pro-
ject solution be partially constructed or breadboarded
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for analysis and evaluation. After analysis of all pos-
sible solutions, the optimal design selected is the one
that meets the specifications most closely.

Construction and Evaluation of the Device

After selecting the optimal design, the student then
constructs the device. The best method of construc-
tion is to build the device module by module. By
building the project in this fashion, the student is able
to test each module for correct operation before add-
ing it to the complete device. It is far easier to elimi-
nate problems module by module than to build the
entire project, and then attempt to eliminate problems.

Design projects should be analyzed and constructed
with safety as one of the highest priorities. Clearly,
the design project that fails should fail in a safe man-
ner, a fail-safe mode, without any dramatic and harm-
ful outcomes to the client or those nearby. An exam-
ple of a fail-safe mode of operation for an electrical
device involves grounding the chassis, and using ap-
propriate fuses; thus if ever a 120-V line voltage short
circuit to the chassis should develop, a fuse would
blow and no harm to the client would occur. Devices
should also be protected against runaway conditions
during the operation of the cevice, and also during
periods of rest. Failure of any critical components in
a device should result in the complete shutdown of
the device.

After the project has undergone laboratory testing, it
is then tested in the field with the client. After the
field test, modifications are made to the project, and
then the project is given to the client. Ideally, the de-
sign project in use by the disabled person should be
periodically evaluated for performance and useful-
ness after the project is complete. Evaluation typically
occurs, however, when the device no longer performs
adequately for the disabled person, and is returned to
the university for repair or modification. If the repair
or modification is simple, a university technician will
handle the problem. If the repair or modification is
more extensive, another design student is assigned to
the project to handle the problem as part of their de-
sign course requirements.

Documentation

Throughout the design process, the student is e-
quired to document the optimal or best solution to the
problem through a series of required written assign-
ments. For the final report, documenting the design

project involves integrating each of the required re-
ports into a single final document. While this should
be a simple exercise, it is usually a most vexing and
difficult endeavor. Many times during the final
stages of the project, some specifications are changed,
or extensive modifications to the ideal paper design
are necessary.

Most universities also require that the final report be
professionally prepared using desktop publishing
software. This requires that all circuit diagrams and
mechanical drawings be professionally drawn. Illus-
trations are usually drawn with computer software,
such as OrCAD or AutoCAD.

The two-page reports within this publication are not
representative of the final reports submitted for de-
sign course credit, and in fact, are a summary of the
final report. A typical final report for a design project
is approximately 30 pages in length, and includes ex-
tensive analysis supporting the operation of the de-
sign project. Usually, photographs of the device are
not included in the final report since mechanical and
electrical diagrams are more useful to the engineer to
document the device.

The next three sections illustrate different approaches
to the design course experience. At Texas A&M Uni-
versity, the students work on many small design pro-
jects during the two-semester senior design course se-
guence. At North Dakota State University, students
work on a single project during the two-semester sen-
ior design course sequence. At the University of Con-
necticut, students are involved in distance learning
and a WWW based approach.

Texas A&M University

Engineering Design Experiences

The objective of the NSF program at Texas A&M Uni-
versity is to provide senior bioengineering students
an experience in the design and development of reha-
bilitation devices and equipment to meet explicit cli-
ent needs identified at several off campus rehabilita-
tion and education facilities. Texas A&M has par-
ticipated in the NSF program for six years. The stu-
dents meet with therapists and/or special education
teachers for problem definition under faculty supervi-
sion. This program provides very significant “real
world” design experiences, emphasizing completion
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of a finished product. Moreover, the program brings
needed technical expertise that would otherwise not
be available to not-for-profit rehabilitation service
providers. Additional benefits to the participating
students nvolve their development of an apprecia-
tion of the problems of disabled persons, motivation
toward ehabilitation engineering as a career path,
and recognition of the need for more long-term ie-
search to address the problems for which today's de-
signs are only an incomplete solution.

Texas A&M University’s program involves a two-
course capstone design sequence, BIEN 441 and 442.
BIEN 441 is offered during the Fall and Summer se-
mesters, and BIEN 442 is offered during the Spring
semester. The inclusion of the summer term allows a
full year of ongoing design activities. Students are al-
lowed to select a rehabilitation design project, or an-
other general bioengineering design project.

The faculty at Texas A&M University involved with
the rehabilitation design course have worked in col-
laboration with the local school districts, community
rehabilitation centers, residential units of the Texas
Department of Mental Health and Mental Retardation
(MHMR), community outreach programs of Texas
MHMR, and individual clients of the Texas Rehabili-
tation Commission and Texas Commission for the
Blind.

Appropriate design projects are identified in group
meetings between the staff of the collaborating
agency, the faculty, and the participating under-
graduate students enrolled in the design class. In
addition, one student is employed in the design labo-
ratory during the summer to provide logistical sup-
port, as well as pursue his or her own project. Each
student is required to participate in the project defi-
nition session, which adds to the overall design ex-
perience. The meetings take place at the beginning of
each semester, and periodically thereafter as projects
are completed and new ones identified.

The needs expressed by the collaborating agencies of-
ten result in projects that vary in complexity and re-
quired duration. To meet the broad spectrum of
needs, simpler projects are accommodated by requir-
ing rapid completion, at which point the students
move on to another project. More difficult projects in-
volve one or more semesters, or even a year's effort;
these projects are the ones that typically require more

substantial quantitative and related engineering
analysis. Projects are carried out by individual stu-
dents or a team of two.

Following the project definition, the students proceed
through the formal design process of brainstorming,
clarification of specifications, preliminary design, re-
view with the collaborating agency, design execution
and safety analysis, documentation, prerelease -
sign review, and delivery and implementation in the
field. The execution phase of the design includes
identifying and purchasing necessary components
and materials, arranging for any fabrication services
that may be necessary, and obtaining photography
for their project reports. Throughout each phase of
the project, the faculty supervises the work, as well as
the teaching assistants assigned to the rehabilitation
engineering laboratory. These teaching assistants are
paid with university funds. The students also have
continued access to the agency staffs for clarification
or revision of project definitions, and review of pre-
liminary designs. The latter is an important aspect of
meeting real needs with useful devices. In addition to
individual and team progress, the rehabilitation en-
gineering group meets as a group to discuss design
ideas and project progress, and to plan further visits
to the agencies.

One challenging aspect of having students be respon-
sible for projects that are eagerly anticipated by the in-
tended recipient is the variable quality of student
work, and the inappropriateness of sending inade-
guate projects into the field. This potential problem is
resolved at Texas A&M University by continuous pro-
ject review, and by requiring that the project be re-
vised and reworked until it meets faculty approval.

At the end of each academic year, the faculty and the
personnel from each collaborating agency assess
which types of projects met with the greatest success
in achieving useful delivered devices. This leview
has provided ongoing guidance in the selection of fu-
ture projects. The faculty also maintains continuous
contact with agency personnel with respect to ongo-
ing and past projects that require repair or modifica-
tion. In some instances, repairs are assigned as short-
term projects to currently participating students. This
provides an excellent lesson in the importance of
adequate documentation.
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Feedback from participating students is gathered
each semester using the Texas A&M University stu-
dent “oppinionaire” form as well as personal dis-
cussion. The objective of the reviews is to obtain stu-
dents’ assessment of the educational value of the re-
habilitation design program, the adequacy of the re-
sources and supervision, and any suggestions for
improving the process.

North Dakota State University

Engineering Design Experience
North Dakota State University (NDSU) has partici-
pated in this program for six years. All senior electri-
cal engineering students at NDSU are required to
complete a two-semester senior design project as part
of their study. These students are partitioned into
faculty-supervised teams of four to six students. Each
team designs and builds a device for a particular dis-
abled individual within eastern North Dakota or
western Minnesota.

During the early stages of NDSU's participation in
projects to aid the disabled, a major effort was under-
taken to develop a complete and workable interface
between the NDSU electrical engineering department
and the community of persons with disabilities to
identify potential projects. These organizations are
the Fargo Public School System, NDSU Student Ser-
vices and the Anne Carlson School. NDSU students
visit potential dients or their supervisors to identify
possible design projects at one of the cooperating or-
ganizations. All of the senior design students visit
one of these organizations at least once. After the site
visit, the students write a report on at least one poten-
tial design project, and each team selects a project to
aid a particular individual.

The process of a design project is implemented in two
parts. During the first semester of the senior year,
each team writes a report describing the project to aid
an individual. Each report consists of an introduc-
tion to the project establishing the need for the project.
The body of the report describes the device; a com-
plete and detailed engineering analysis is included to
establish that the ckvice has the potential to work.
Almost all of the NDSU projects involve an electronic
circuit. Typically, devices that involve an electrical
circuit are analyzed using PSpice, or another software
analysis program. Extensive testing is undertaken on
subsystem components using breadboard circuit lay-
outs to ensure a reasonable degree of success before

writing the report. Circuits are drawn for the report
using OrCAD, a CAD program. The OrCAD draw-
ings are also used in the second phase of design,
which allows the students to bring a circuit from the
schematic to a printed circuit board with relative ease.

During the second semester of the senior year, each
team builds the device to aid an individual. This first
involves breadboarding the entire circuit to establish
the viability of the design. After verification, the stu-
dents build a printed circuit board(s) using OrCAD,
and then finish the construction of the project using
the fabrication facility in the electrical engineering
department. The device is then fully tested, and after
approval by the senior design faculty advisor, the de-
vice is given to the client. Each of the student design
teams receives feedback throughout the year from the
client or client coordinator to ensure that the design
meets its intended goal.

Each design team provides an oral presentation dur-
ing regularly held seminars in the department. In the
past, local TV stations have filmed the demonstration
of the senior design projects, and broadcast the tape
on their news show. This media exposure usually re-
sults in viewers contacting the electrical engineering
department with requests for projects to improve the
life of another individual, further expanding the im-
pact of the program.

Design facilities are provided in three separate labo-
ratories for analysis, prototyping, testing, printed cir-
cuit board layout, fabrication, and redes-
ign/development. The first laboratory is a room for
team meetings during the initial stages of the design.
Data books and other resources are available in this
room.

There are also twelve workstations available for
teams to test their design, and verify that the design
parameters have been meet. These workstations con-
sist of a power supply, waveform generator, oscillo-
scope, breadboard, and a collection of hand tools.

The second laboratory contains Intel computers for
analysis, desktop publishing and microprocessor
testing. The computers all have analysis, CAD and
desktop publishing capabilities so that students may
easily bring their design projects from the idea to im-
plementation stage. Analysis software supported in-
cludes Microsoft EXCEL and Lotus 123 spreadsheets,
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PSpice, MATLAB, MATHCAD, and VisSim. Desktop
publishing supported includes Microsoft Word for
Windows, Aldus PageMaker, and technical illustra-
tion software via AutoCAD and OrCAD. A scanner
with image enhancement software and a high-
resolution printer are also available in the laboratory.

The third laboratory is used by the teams for fabri-
cation. Six workstations exist for breadboard testing,
soldering, and finish work involving printed circuit
boards. Sufficient countertop space exists so that
teams may leave their projects in a secure location for
ease in work.

The electrical engineering department maintains a
relatively complete inventory of electronic compo-
nents necessary for design projects, and when not in
stock, has the ability to order parts with minimal de-
lay. The department also has a teaching assistant as-
signed to this course on a year round basis, and an
electronics technician available for help in the analy-
sis and construction of the design project.

There were many projects constructed at NDSU (and
probably at many other universities) that proved to be
unsafe or otherwise unusable for the intended indi-
vidual, despite the best efforts of the student teams
under the supervision of the faculty advisors. These
projects are undocumented.

University of Connecticut Design

Experiences

In August 1998 the Department of Electrical & Sys-
tems Engineering (ESE) at UConn, in collaboration
with the School of Hearing and Speech Sciences at
Ohio University, received a five-year NSF grant for
senior design experiences to aid persons with dis-
abilities. This NSF project was a pronounced change
from previous design experiences at UConn that in-
volved ndustry sponsored projects carried out by a
team of student engineers.

In order to provide effective communication between
the sponsor and the student team, a WWW based ap-
proach was implemented.?2 Under the new scenario,

3 Enderle, J.D., Browne, A.F., and Hallowell, B. (1998).
A WEB Based Approach in Biomedical Engineering
Design Education. Biomedical Sciences Instrumenta-
tion, 34, pp. 281-286.

students worked individually on a project and were
divided into teams for weekly meetings. The purpose
of the team was to provide student derived technical
support at weekly meetings. Teams also formed
throughout the semester based on need to solve tech-
nical problems. After the problem was solved the
team dissolved and new teams were formed.

Each year, 25 projects are carried out by the students
at UConn. Five of the 25 projects are completed
through collaboration with personnel at Ohio Uni-
versity using varied means of communication cur-
rently seen in industry, including video conferencing,
the WWW, telephone, e-mail, postal mailings, and
videotapes.

ESE senior design consists of two required courses,
Electrical Engineering (EE) Design | and Il. EE Design
| is a two-credit hour course in which students are in-
troduced to a variety of subjects. These include: work-
ing on teams, design process, planning and schedul-
ing (time-lines), technical report writing, proposal
writing, oral presentations, ethics in design, safety, li-
ability, impact of economic constraints, environ-
mental considerations, manufacturing and market-
ing. Each student in EE Design I:

Selects a project to aid a disabled individual
after interviewing a person with disabilities;

Drafts specifications;
Prepares a project proposal,

Selects an optimal solution and carries out a
feasibility study;

Specifies components, conducts a cost analy-
sis and creates a time-line; and

Creates a paper design with extensive model-
ing and computer analysis.

EE Design Il is a three-credit hour course following
Design I. This course requires students to implement
a design by completing a working model of the final
product. Prototype testing of the paper design typi-
cally requires modification to meet specifications.
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These modifications undergo proof of design using
commercial software programs commonly used in in-
dustry. Each student in EE Design Il

Constructs and tests a prototype using modu-
lar components as appropriate;

Conducts system integration and testing;

Assembles fnal product and field-tests the
device;

Writes final project report;

Presents an oral report using PowerPoint on
Senior Design Day; and

Gives the device to the client after a waiver is
signed.

Course descriptions, student project homepages and
additional resources are located at
http://www.ee.uconn.edu/~design/.

The first phase of the on-campus projects involves
creating a database of persons with disabilities and
then linking the student with a person with a disabil-
ity. The AJ. Pappanikou Center provided a database
with almost 60 contacts and a short description of the
disabilities in MS Access. The nhvolvement of the
Center was essential for the success of the program.
The A.J. Pappanikou Center is Connecticut’s Univer-
sity Affiliated Program (UAP) for disabilities studies.
As such, relationships have been established with the
Connecticut community of persons affected by dis-
abilities, including families, caregivers, advocacy and
support groups and, of course, persons with disabili-
ties themselves. The Center serves as the link between
the person in need of the device and the ESE Design
course staff. The Center has established ongoing rela-
tionships with Connecticut’s Regional Educational
Service Centers, the Birth to Three Network, the Con-
necticut Tech Act Project, and the Department of Men-
tal Retardation. Through these contacts, the Center
facilitates the nteraction between the ESE students,
the client coordinators (professionals providing sup-
port services, such as the speech-language patholo-
gists, physical and occupational therapists), the indi-
viduals with disabilities (clients), and clients’ fami-
lies.

The next phase of the course involves students’ selec-
tion of projects. Using the on-campus database, each
student selects two clients to interview. The student
and a UConn staff member meet with the client
and/or client coordinator to identify a project that
would improve the quality of life for the client. After
the interview, the student writes a brief description
for each project. Almost all of the clients interviewed
have multiple projects. Project descriptions include:
contact information (client, client coordinator, and
student name) and a short paragraph describing the
problem. These reports are collected, sorted by topic
area, and put into a Project Notebook. In the future,
these projects will be stored in a database accessible
from the course server for ease in communication.

Each student then selects a project from a client that
he/she has visited, or from the Project Notebook. If
the project selected was from the Project Notebook, the
student visits the client to further refine the project.
Because some projects do not involve a full academic
year to complete, some students work on multiple
projects. Students submit a project statement that de-
scribes the problem, including a statement of need,
basic preliminary requirements, basic limitations,
other data accumulated, and important wnresolved
guestions.

Specific projects at Ohio University are established
via distance communication with the co-principal in-
vestigator, who consults with a wide array of service
providers and potential clients in the Athens, Ohio
region.

The stages of specification, project proposal, paper
design and analysis, construction and evaluation,
and documentation are carried out as described ear-
lier in the overview of engineering design.

To facilitate working with sponsors, a WWW based
approach is used for reporting the progress on pro-
jects. Students are responsible for creating their own
WWW sites that support both html and pdf formats
with the following elements:

Introduction for layperson

Resume

Weekly reports
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Project statement
Specifications
Proposal

Final Report

Weekly Schedule

Weekly activities in EE Design | consist of lectures,
student presentations and a team meeting with the
instructor. Technical and non-technical issues that
impact the design project are discussed during team
meetings.  Students also meet with cli-
ents/coordinators at scheduled times to report on
progress.

Each student is expected to provide an oral progress
report on his or her activity at the weekly team meet-
ing with the instructor, and record weekly progress in
a bound notebook and on the WWW site. Weekly re-
port structure for the WWW includes: project identity,
work completed during the past week, current work
within the last day, future work, status review and at
least one graphic. The client and/or client coordina-
tor uses the WWW reports to keep up with project so
that they can provide input on the progress. Weekly
activities in EE Design Il include team meetings with
the course instructor, oral and written progress fe-

ports, and construction of the project. As before, the
WEB is used to report project progress and communi-
cate with the sponsors.

For the past two years, the student projects have been
presented at the annual Northeast Biomedical Engi-
neering Conference.

Other Engineering Design

Experiences

Experiences at other universities participating in this
NSF program combine many of the design program
elements that are presented for Texas A&M Uni-
versity and North Dakota State University. Still, each
university’s program is unique. In addition to the de-
sign process elements already cascribed, the State
University of New York at Buffalo under the direction
of Dr. Joseph Mollendorf, requires that each student
go through the preliminary stages of a patent applica-
tion. Naturally, projects worthy of a patent applica-
tion are actually submitted. Thus far, a patent was is-
sued for a "Four-Limb Exercising Attachment for
Wheelchairs" and another patent has been allowed
for a "Cervical Orthosis."
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CHAPTER 2
EDUCATIONAL OUTCOMES
ASSESSMENT:IMPROVING DESIGN
PROJECTS TO AID PERSONS WITH
DISABILITIES

Brooke Hallowell

Of particular interest to persons interested in the en-
gineering education are the increasingly outcomes fo-
cused standards of the Accrediting Board for Engi-
neering and Technology (ABET).4 This chapter is of-
fered as an introduction to the ways in which im-
proved foci on educational outcomes may lead to: (a)
improvements in the learning of engineering stu-
dents, especially those engaged in design projects to
aid persons with disabilities, and consequently, (b)
improved knowledge, design and technology to bene-
fit individuals in need.

Brief History

As part of a movement for greater accountability in
higher education, US colleges and universities are
experiencing an intensified focus on the assessment
of students’ educational outcomes. The impetus for
outcomes assessment has come most recently from
accrediting agencies. All regional accrediting agen-
cies receive their authority by approval from the
Council for Higher Education Accreditation (CHEA),
which assumed this function from the Council on
Recognition of Postsecondary Accreditation (CORPA)
in 1996. The inclusion of outcomes assessment stan-
dards as part of accreditation by any of these bodies,

4 Accrediting Board for Engineering and Technology
(2000). Criteria for Accrediting Engineering Programs.
ABET: Baltimore, MD.
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such as North Central, Middle States, or Southern As-
sociations of Colleges and Schools, and professional
accrediting bodies, including ABET, is mandated by
CHEA, and thus is a requirement for all regional as
well as professional accreditation. Consequently,
candidates for accreditation are required to demon-
strate plans for assessing educational outcomes, and
evidence that assessment results have led to im-
proved of teaching and learning and, ultimately, bet-
ter preparation for entering the professions. Accredit-
ing bodies have thus revised criteria standards for ac-
creditation with greater focus on the “output” that
students can demonstrate and less on the “input”
they are said to receive.

“Meaningful” Assessment

Practices

Because much of the demand for outcomes assess-
ment effort is perceived, at the level of instructors, as a
bureaucratic chore thrust upon them by administra-
tors and requiring detailed and time-consuming
documentation, there is a tendency for many faculty

5 Hallowell, B. & Lund, N. (1998). Fostering program
improvements through a focus on educational out-
comes. In Council of Graduate Programs in Commu-
nication Sciences and Disorders, Proceedings of the
nineteenth annual conference on graduate education,
32-56.



14 NSF 1998 Engineering Senior Design Projects to Aid Persons with Disabilities

members to avoid exploration of effective assessment
practices. Likewise, many directors of academic de-
partments engage in outcomes assessment primarily
so that they may submit assessment documentation to
meet bureaucratic requirements. Thus, there is a ten-
dency in many academic units to engage in assess-
ment practices that are not truly “meaningful”.

Although what constitutes an “ideal” outcomes as-
sessment program is largely dependent on the par-
ticular program and institution in which that pro-
gram is to be implemented, there are at least some
generalities we might make about what constitutes a
“meaningful” program. For example:

An outcomes assessment program perceived by
faculty and administrators as an imposition of bu-
reaucratic control over what they do, remote from
any practical implications... would not be consid-
ered “meaningful.” Meaningful programs, rather,
are designed to enhance our educational missions
in specific, practical, measurable ways, with the
goals of improving the effectiveness of training
and education in our disciplines. They also in-
volve all of a program’s faculty and students, not
just administrators or designated report writers.
Furthermore, the results of meaningful assessment
programs are actually used to foster real modifica-
tions in a training program.é

Outcomes Associated with

Engineering Design Projects

Despite the NSF’s solid commitment to engineering
design project experiences, and widespread enthusi-
asm about this experiential approach to learning and
service, there is a lack of documented solid empirical
support for the efficacy and validity of design project
experiences and the specific aspects of implementing
those experiences. Concerted efforts to improve leam-
ing, assessment methods and data collection concern-
ing pedagogic efficacy of engineering design project
experiences will enhance student learning while
benefiting the community of persons with disabilities.

6 Hallowell, B. (1996). Innovative Models of Curricu-
lum/Instruction: Measuring Educational Outcomes.
In Council of Graduate Programs in Communication
Sciences and Disorders, Proceedings of the Seven-
teenth Annual Conference on Graduate Education,
37-44.

Agreeing on Terms

There is great variability in the terminology used to
discuss educational outcomes. How we develop and
use assessments matters much more than our agree-
ment on the definitions of each of the terms we might
use to talk about assessment issues. Still, for the sake
of establishing common ground, a few key terms are
highlighted here.

Formative and Summative Outcomes

Formative outcomes indices are those that can be
used to shape the experiences and learning opportu-
nities of the very students who are being assessed.
Some examples are surveys of faculty regarding cur-
rent students’ design involvement, on-site supervi-
sors’ evaluations, computer programming proficiency
evaluations, and classroom assessment techniques.’
The results of such assessments may be used to char-
acterize program or instructor strengths and weak-
nesses, as well as to foster changes in the experiences
of those very students who have been assessed.
Summative outcomes measures are those used to
characterize programs (or college divisions, or even
whole institutions) by using assessments intended to
capture information about the final products of our
programs. Examples are student exit surveys, sur-
veys of graduates inquiring about salaries, employ-
ment, and job satisfaction, and surveys of employers
of our graduates.

The reason the distinction between these two types of
assessment is important is that, although formative
assessments tend to be the ones that most interest our
faculty and students and the ones that drive their
daily academic experiences, the outcomes indices on
which most administrators focus to monitor institu-
tional quality are those involving summative out-
comes. It is important that each of academic unit
strive for an appropriate mix of both formative and
summative assessments.

Cognitive/Affective/Performative Outcome Distinc-
tions

To stimulate our clear articulation of the specific out-
comes targeted within any program, it is helpful to
have a way to characterize different types of out-

7Angelo, T. A., & Cross, K. P. (1993). Classroom as-
sessment techniques: A handbook for college teach-
ers. San Francisco: Jossey-Bass.
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comes. Although the exact terms vary from context to
context, targeted educational outcomes are commonly
characterized as belonging to one of three domains:
cognitive, affective, and performative. Cognitive out-
comes are those relating to intellectual mastery, or
mastery of knowledge in specific topic areas. Most of
our course-specific objectives relating to a specific
knowledge base fall into this category. Performance
outcomes are those relating to a student’s or gradu-
ate’s accomplishment of a behavioral task. Affective
outcomes relate to personal qualities and values that
students ideally gain from their experiences during a
particular educational and training program. Exam-
ples are appreciation of various racial, ethnic, or lin-
guistic backgrounds of individuals, awareness of bi-
asing factors in the design process, and sensitivity to
ethical issues and potential conflicts of interest in
professional engineering contexts.

The distinction among these three domains of tar-
geted educational outcomes is helpful in highlighting
areas of learning that we often proclaim to be impor-
tant but that we do not assess very well. Generally,
we are better at assessing our targeted outcomes in
the cognitive area, for example, with in-class tests and
papers, than we are with assessing the affective areas
of multicultural sensitivity, appreciation for collabo-
rative teamwork, and ethics. Often, our assessment of
performative outcomes is focused primarily on stu-
dents’ design experiences, even though our academic
programs often have articulated learning goals in the
performative domain that might not apply only to de-
sign projects.

Faculty Motivation
A critical step in developing a meaningful educa-
tional outcomes program is to address directly perva-
sive issues of faculty motivation. Faculty resistance is
probably due in large part to the perception that out-
comes assessment involves the use of educational
and psychometric jargon to describe program indices
that are not relevant to the everyday activities of fac-
ulty members and students. By including faculty,
and perhaps student representatives, in discussions
of what characterizes a meaningful assessment
scheme to match the missions and needs of individ-
ual programs, and by agreeing to develop outcomes
assessment practices from the bottom up, rather than
in response to top-down demands from administra-
tors and accrediting agencies, current skeptics on our
faculties are more likely to engage in assessment ef-

forts. Additional factors that might give faculty the
incentive to get involved in enriching asessment
practices include:

Consideration of outcomes assessment work as
part of annual merit reviews; provision of materi-
als, such as sample instruments; or resources,
such as internet sites; to simplify the assessment
instrument design process; demonstrate means
by which certain assessments, such as student
exit or employer surveys, may be used to [a] pro-
gram’s advantage in negotiations with ... a-
ministration (for example, to help justify funds for
new equipment, facilities, or salaries for faculty
and supervisory positions); and notice and -
ward curricular modifications and explorations
of innovative teaching methods initiated by the

. 5
faculty in response to program assessments.

With the recent enhanced focus of on educational out-
comes in accreditation standards of ABET, and with
all regional accrediting agencies in the Unites States
Now requiring extensive outcomes assessment plans
for all academic units, it is increasingly important
that we share assessment ideas and methods among
academic programs. It is also important that we
ensure that our assessment efforts are truly mean-
ingful, relevant and useful to our students and fac-
ulty.

The next chapter serves as an invitation to readers of
this book to join in collaborative efforts to improve de-
sign experiences, student learning, and design prod-
ucts through improved assessment practices. Future
annual publications on the NSF-sponsored engineer-
ing design projects to aid persons with disabilities
will include input from students, faculty, supervisors,
and consumers on ways to enhance associated edu-
cational outcomes in specific ways. The editors of
this book look forward to input from the engineering
education community for dissemination of further in-
formation to that end.



16 NSF 1998 Engineering Senior Design Projects to Aid Persons with Disabilities




CHAPTER 3
AN INVITATION TO COLLABORATE IN
USING ASSESSMENT TO IMPROVE
DESIGN PROJECTS

Brooke Hallowell

In Chapter 2, we discussed educational outcomes as-
sessment, emphasizing ways in which clearer foci on
educational outcomes may lead to improvements in
the learning of engineering students, and, conse-
guently, improved knowledge, design and technology
to benefit individuals in need. We described con-
certed efforts among accrediting agencies, including
the Accrediting Board for Engineering and Technol-
ogy (ABET), to improve the accountability of educa-
tional institutions through improved assessment
practices. We discussed how a “meaningful” empha-
sis on educational outcomes helps overcome bureau-
cratic hurdles in academe, and enhances our educa-
tional missions in specific, practical, measurable
ways by improving the effectiveness of training and
education. This chapter serves as an invitation to
readers to join in collaborative efforts to enrich mean-
ingful educational outcomes assessment efforts asso-
ciated with NSF-sponsored design projects to aid per-
sons with disabilities.

A look at ABET’s requirements for the engineering
design experiences in particulare may give us further
direction in areas that are essential to assess in order
to monitor the value of engineering design project ex-
periences. For example, the following are considered
“fundamental elements” of the design process: “the

8 Accrediting Board for Engineering and Technology
(2000). Criteria for Accrediting Engineering Programs.
ABET: Baltimore, MD.
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establishment of objectives and criteria, synthesis,
analysis, construction, testing, and evaluation” (p.
11). Furthermore, according to ABET, specific tar-
geted outcomes associated with engineering design
projects should include: development of student crea-
tivity, use of open-ended problems, development and
use of modern design theory and methodology, for-
mulation of design problem statements and specifica-
tions, consideration of alternative solutions, feasibil-
ity considerations, production processes, concurrent
engineering design, and detailed system descriptions.
The accrediting board additionally stipulates that it is
essential to include a variety of realistic constraints,
such as economic factors, safety, reliability, aesthetics,
ethics, and social impact. ABET’s most rcent, re-
vised list of similar targeted educational outcomes is
presented in the Appendix. We encourage educators,
students and consumers to consider the following
guestions:

Are there outcomes, in addition to those
specified by ABET, that we target in our roles
as facilitators of design projects?

Do the design projects of each of the students
in NSF-sponsored programs incorporate all
of these features? How may we best charac-
terize evidence that students engaged in Pro-
jects to Aid Persons with Disabilities effec-
tively attain desired outcomes?
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Are there ways in which students’ perform-
ance within any of these areas might be more
validly assessed?

How might improved formative assessment
of students throughout the design experience
be used to improve their learning in each of
these areas?

Readers interested in addressing such questions are
encouraged to send comments to the editors of this
book. We are particularly interested in disseminat-
ing, through future publications, specific assessment
instruments that readers find effective in evaluating
targeted educational outcomes in NSF-sponsored en-
gineering design projects. Basic terminology related
to pertinent assessment issues is presented in Chap-
ter 2. Cognitive, performative, and affective types of
outcomes are reviewed briefly here, along with lists of
the types of assessments that might be shared among
those involved in engineering design projects.

Cognitive outcomes are those relating to intellectual

mastery, or mastery of knowledge in specific topic ar-

eas. Some examples of these measures are:
Comprehensive exams

Items embedded in course exams

Pre-post tests to assess “value
added”

Design portfolios

Student self evaluation of learning
during a design experience

Alumni surveys
Employer surveys

Performative outcomes are those relating to a
student’s or graduate’s accomplishment of a
behavioral task. Some performance measures
include:

Evaluation of graduates’ overall de-
sign experience

Mastery of design procedures or
skills expected for all graduates

Student evaluation of final designs,
or of design components

Surveys of faculty regarding student
design competence

Evaluation of writing samples
Evaluation of presentations

Evaluation of collaborative learning
and team-based approaches

Evaluation of problem-based learn-
ing
Employer surveys

Peer evaluation; e.g., of leadership or
group participation

Affective outcomes relate to personal qualities and
values that students ideally gain from their educa-
tional experiences. These may include:

Student journal reviews

Supervisors’ evaluation of students’
interactions with persons with dis-
abilities
Evaluations of culturally-sensitive
reports

Surveys of attitudes or satisfaction
with design experiences

Interviews with students

Peers’,  supervisors’, employers’
evaluations

We welcome contributions of relevant formative and
summative assessment instruments, reports on &-
sessment results, and descriptions of assessment pro-
grams and pedagogical innovations that appear to be
effective in enhancing design projects to aid persons
with disabilities.

Please send queries or submissions for consideration
to:

Brooke Hallowell, Ph.D.

School of Hearing and Speech Sciences

Lindley Hall 208

Ohio University

Athens, OH 45701

E-mail: hallowel@ohio.edu
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APPENDIX: Desired educational outcomes as articulated in ABET’s new “Engineering Criteria 2000” (Criterion 3,
Program Outcomes and Assessment)
Engineering programs must demonstrate that their graduates have:

(a) an ability to apply knowledge of mathematics, science, and engineering

(b) an ability to design and conduct experiments, as well as to analyze and interpret data

(c) an ability to design a system, component, or process to meet desired needs

(d) an ability to function on multi-disciplinary teams

(e) an ability to identify, formulate, and solve engineering problems

(f) an understanding of professional and ethical responsibility

(g) an ability to communicate effectively

(h) the broad education necessary to understand the impact of engineering solutions in a global and societal
context

(i) arecognition of the need for, and an ability to engage in life-long learning
(i) aknowledge of contemporary issues

(k) an ability to use the techniques, skills, and modern engineering tools necessary for engineering practice
(p. 38-39).

9 Accrediting Board for Engineering and Technology (2000). Criteria for Accrediting Engineering Programs. ABET:
Baltimore, MD.
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