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COMPUTER ENGINEERING EDUCATION puter field was in other disciplines, electrical engineering,
mathematics, and physics, to name a few. The first electronic
computers were developed at universities. John Atanasoff (1)Just like the area of computers, the area of computer engi-
designed and constructed a digital computer at Iowa State atneering education is a fast changing field. This discussion will
the start of World War II, and J. Presper Eckert and Johnlimit itself to the development of accredited undergraduate
Mauchly designed and built their computer, the ENIAC (Elec-computer engineering education programs in the United
tronic Numerical Integrator and Calculator) at the MooreStates, and their relation to accredited programs in electrical
School at the University of Pennsylvania at the end of Worldengineering and computer science. Fortunately, because the
War II (2). Further development of the digital computer oc-United States has been a recognized leader in the develop-
curred at universities such as Princeton, Harvard, Cam-ment of computers, this narrow discussion on computer engi-
bridge, and MIT among others, in the late 1940s (3). The ac-neering education will address most of the issues regarding
tivities of the graduate and postgraduate students at thesecomputer engineering education in the global context. This
institutions provided the education of ‘‘computer engineers,’’approach is not taken to deprecate the contributions to com-
if you assume that the ability to design and build a computerputer engineering education outside the United States but
is a central component of an education of a computer engi-rather to allow this discussion to succinctly identify and ad-
neer. Claude Shannon’s M.S. thesis at MIT in 1938 (4) relateddress the issues that are intrinsic to all computer engineering
the work of George Boole and the Huntington postulates toeducation programs. Furthermore, since accredited under-
switching circuits. In the 1950s this material began to appeargraduate computer engineering programs now are the princi-
in undergraduate electrical engineering curricula as a techni-pal source for providing engineers who work in the discipline
cal elective course in digital logic design.of computer engineering, this discussion will not address

During this same era, courses in computer programminggraduate education in the area of computer engineering. It is
and computing theory that would evolve into the computersufficient to state that graduate education in either computer
science curriculum were beginning to be offered in electricalscience or electrical engineering will accommodate all the
engineering and mathematics programs. As the computer sci-areas of further study in computer engineering.
ence curriculum developed, there occurred a bifurcation in theTo understand the nature of computer engineering educa-
development of the computer science curriculum. The direc-tion, it is necessary to relate it to the education of the com-
tion that the curriculum took depended on the disciplines theputer scientists and the electrical engineers. While electrical
faculty that taught the curriculum came from, electrical engi-engineering education is over 100 years old, computer science
neering or mathematics. In addition the discipline of the fac-education is less than 40 years old. Accredited electrical engi-
ulty who taught the early computer science programs, eventu-neering programs were established in 1936 by the precursor
ally determined whether the new departments of computerto the current Accreditation Board of Engineering and Tech-
science resided in the college of engineering, or in the collegenology (ABET) and accredited computer science programs
of letters and sciences, or, in some cases, resided as a depart-were established in 1986 by the Computing Sciences Accredi-
ment in each college, one being engineering oriented and thetation Board (CSAB). Even though computer engineering edu-
other mathematics oriented. The engineering-oriented com-cation evolved out of the computer science and electrical engi-
puter science faculty, along with the computer-oriented elec-neering programs, initial accreditation for computer
trical engineering faculty contributed to the development of

engineering programs was administered by ABET and first
the first computer engineering programs.

granted in 1971, prior to the computer science accreditation
activity. With establishment of CSAB, there appeared a dual
accreditation designation for a program that educated com- DEVELOPMENT OF ACCREDITATION ACTIVITIES
puter engineers which was named computer science and engi-
neering; the dual accreditation required both ABET and One of the first recognized model computer science curricula
CSAB review of the program. Thus accredited undergraduate was published by the Association for Computing Machinery
computer engineering education is performed at universities (ACM) in 1968 (5). With this event there was established a
with computer engineering, or similarly named programs, or nationally recognized computer science curriculum that
with a computer science and engineering program. It should evolved with subsequent model curriculum versions in 1978
be noted that there are university programs leading to a de- and 1991 (5). With the standardization of the computer sci-
gree in computer engineering, or similarly named degrees, ence curriculum, there was a movement to accredit computer
that are not accredited; however, without reviewing the spe- science programs. Using the model of the Accreditation Board
cific curriculum and other aspects of the program, it is not of Engineering and Technology (ABET), the Computing Sci-
possible to say with certainty that it is a program that suc- ences Accreditation Board (CSAB) was formed and accredited
cessfully prepares students for the practice of computer engi- the first computer science programs in 1986.
neering. ABET granted accreditation to a program named Com-

puter Engineering at Case Western Reserve University in
1971. Prior (and subsequent) to this event, there were a num-

EARLY DEVELOPMENT OF COMPUTER ber of reports on curriculum for computer engineering educa-
ENGINEERING EDUCATION tion; the reader is referred to the references in the Bibliogra-

phy for details. The ABET accreditation of a program called
Computer engineering education has developed commensu- Computer Engineering preceded the computer science accred-
rately with the development of the computer. Initially the ed- itation activities. Subsequent to this initial ABET accredita-

tion action for programs named computer engineering, Taylorucation of the people who worked as engineers in the com-

J. Webster (ed.), Wiley Encyclopedia of Electrical and Electronics Engineering. Copyright # 1999 John Wiley & Sons, Inc.
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engineering faculty administrative unit and hence the local
implementation of the curriculum for computer engineering.
In 1989 the members of the National Electrical Engineering
Department Heads (NEEDHA) at their annual meeting held
in San Diego, California, discussed the issue of the adminis-
trative structure of computer engineering programs. Their
conclusion was that all logical structures are possible and
that there was no recommended structure. Each university
had to determine a structure to fit local needs (7). That con-
clusion appears to hold true in the late 1990s.
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BASIC COMPUTER ENGINEERING CURRICULUM
Figure 1. Accredited programs in electrical engineering (closed dia-
mond), computer engineering (open diamond), computer science and

All of the accredited computer engineering programs requireengineering (closed square), and computer science (open square), cu-
four years of university education and include at least onemulative from the initial year of their accreditation (8,9).
year of basic mathematics and science, a year and one-half of
engineering and computer science topics, and one-half year of
social science and humanities courses. This leaves one yearBooth of the University of Connecticut led an effort to define
open for university faculty to specify other courses. For thea model Computer Science and Engineering curriculum based
dual accredited programs, there are additional computer sci-on both the computer science and the electrical engineering
ence courses required. The year of mathematics and sciencecurricula. This activity lead to the publication of a model pro-
usually contains science courses in chemistry, physics, andgram in Computer Science and Engineering in 1983 (6). This
biology and mathematics courses in calculus through differen-model curriculum was used by many universities to establish
tial equations, discrete mathematics, and statistics. The engi-accredited computer engineering programs using ABET, as
neering and computer science courses are usually balancedwell as the dual accredited ABET/CSAB criteria. Currently
between electrical engineering and computer science offer-there are two criteria that apply to every accredited computer
ings. Typically the computer engineering major will be re-engineering program: the ABET criteria, called computer en-
quired to take at least the same lower division courses as dogineering or similarly named programs, and the dual ABET/
each of the computer science and electrical engineering ma-CSAB criteria for programs named computer science and en-
jors, and then a number of their required upper divisiongineering.
courses. In addition there are usually a number of specializedFigure 1 shows the relative growth of the four different
courses that address the software/hardware interface, com-accredited programs: electrical engineering, computer engi-
puter architecture, computer networks, and embedded micro-neering, computer science and engineering, and computer sci-
processor system design as well as advanced courses in com-ence over the period of accreditation.
puter science such as computer graphics and artificial
intelligence, and in electrical engineering such as VLSI de-

ORGANIZATION OF COMPUTER ENGINEERING EDUCATION
sign and system theory.

Table 1 shows a typical accredited computer engineering
Undergraduate computer engineering education is a work in

program for reference. Also presented in the Table 1 data is
progress. The state of the curriculum for undergraduate com-

a summary of the approximate units in each of the accredita-
puter engineering education is changing as fast as the field

tion categories yielding a total number of 128 units. The term
that its majors enter upon graduation. The state of the com-

used for this presentation is the 15 week semester, which gen-
puter engineering curriculum also is affected by the adminis-

erally has a one-hour lecture for each unit and three-hour
trative organization in which it resides. Most everyone will

laboratory for each unit. It should be emphasized that while
agree that foundation of the computer engineering curriculum

this display is typical, there are many ways to satisfy the cri-
is based on the disciplines of electrical engineering and com-

teria for an accredited computer engineering program that de-
puter science. The determination of the point of balance be-

viate from this display.
tween the two disciplines for the foundation of the computer
engineering curriculum is a matter that is determined by
each university’s faculty and is influenced by the organiza- FUTURE TRENDS
tional structure that administers the computer engineering
program. There are examples of every possible organization: At the undergraduate level there are defined criteria for un-

dergraduate computer engineering programs. However, in theseparate computer engineering departments within either a
college of engineering or another college; computer engi- proposed ABET Criteria 2000 to be instituted in the year

2000, the program criteria for electrical engineering and com-neering programs within departments of electrical engi-
neering or within departments of computer science; interdisci- puter engineering have been merged into one program crite-

ria. Thus, except for the name of the organizational unit inplinary computer engineering programs between separate
electrical engineering and computer science departments, which the computer engineering program resides, there could

be little distinction between the electrical engineering and thewhere the two departments may be within the same college
or in separate colleges; and computer engineering programs computer engineering programs. If this proposal is ratified,

then after the year 2000 the only distinct accrediting criteriawithin administrative units that contain both the electrical
engineering and computer science programs. The different or- for computer engineering programs may be the dual ABET/

CSAB accreditation criteria for programs named computerganizational structures, of course, determine the computer
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Table 1. Typical Accredited Computer Engineering Curriculum

First Year

Term 1 Term 2
Computer Science I(cs) Computer Science II(cs)
Discrete Mathematics(ms) Calculus I(ms)
Chemistry(ms) Biology(ms)
English Communication I(o) English Communications II(o)
Digital Logic(cpe,ee)

Second Year

Term 1 Term 2
Data Structures(cs) Software Engineering(cs)
Circuit Analysis(ee) Electronics(ee)
Calculus II(ms) Differential Equations(ms)
Physics I(ms) Physics II(ms)
Social Science and Humanities(ssh) Social Science and Humanities(ssh)

Third Year

Term 1 Term 2
Operating Systems(cs) Programming Languages(cs)
Computer Architecture I(cpe,cs) Computer Architecture II(cpe,cs)
Digital Electronics(ee) Linear Systems Theory(ee)
Statistics(ms) Engineering Science Elective(ee)
Social Science and Humanities(ssh) Social Science and Humanities(ssh)

Fourth Year

Term 1 Term 2
Microprocessor-Based System Design(cpe) Senior Project(cpe)
Computer Networks(cpe,cs) Engineering Profession(o)
Technical Elective(cs,ee) Technical Elective(cp,cpe,ee)
Technical Elective(cs,ee) Technical Elective(cs,cpe,ee)
Social Science and Humanities(ssh) Social Science and Humanities(ssh)

Approximate Unit Distribution

Category Unit Total
Basic Mathematics and Science(ms) 35
Social Science and Humanities(ssh) 18
Engineering and Computer Science Topics(cs,cpe,e) 66
Other(o) 9

Total 128

science and engineering. Therefore curriculum for programs BIBLIOGRAPHY
called computer engineering after the year 2000 could be the
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Reading List

Note: To learn more about the disciplines and accreditation, the fol-
lowing website homepages can be visited at the URL listed.

Disciplines

http://www.acm.org Association for Computing Machinery
http://www.ieee.org Institute of Electrical and Electronics Engi-

neers
http://www.needha.org National Electrical Engineering Department

Heads Association
http://computer.org IEEE Computer Society

Accreditation

http://www.csab.org/�csab Computing Sciences Accreditation
Board

http://www.abet.ba.md.us Accreditation Board for Engineering and
Technology
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COMPUTER ETHICS. See SOCIAL AND ETHICAL ASPECTS

OF INFORMATION TECHNOLOGY.


