
etc. One goal of this activity is to enable students to 
acquire the skills defined in the Position Paper. There 
is a second goal, which in my opinion can have much 
farther-reaching consequences. A properly-oriented 
set of lessons introducing open-ended problems into 

the core courses will meet the accreditation "design" 
objectives without cutting back on the content of these 
courses in any way, opening the way for curricular 
innovation within the constraints of a tight, four-year 
program. 
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CH EMICAL ENGINEERING practice is now heavily 
dependent on diverse applications of computing 

technology. While specialized skills are required for 
particular tasks, all chemical engineers can expect to 
utilize certain areas of computing technology as a mat­
ter of course, and it is reasonable to expect certain 
areas to be covered in depth in all bachelors-degree 
curricula. The means by which such topics are incorpo­
rated in the curriculum will differ, depending on in­
stitutional traditions, strengths, and preferences, but 
failure to include the areas discussed here in some 
manner will result in a graduate who is ill-equipped to 
practice the profession. 

BASIC SKILLS 

The uses of computing technology in chemical en­
gineering practice can be roughly classified into the 
following categories: 

• scientific computation 
• text editing 
• data management and manipulation 
• data acquisition 

While these categories are neither mutually exclu­
sive nor totally inclusive, they provide a useful per­
spective for curricular needs. The first three pertain 
to computer software; computer speed and memory 
are relevant here only with regard to scale, though it 
can be anticipated that many applications will be car­
ried out on personal computers. A common need is 
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Competence in a language implies not only 
The ability to write scientific programs, but also a 
sufficient understanding of programming logic to 

test and adapt programs written by others. 

familiarity with at least one of the standard operating 
systems (UNIX, MDOS, .... ); it can be assumed that . 
a graduate thoroughly familiar with one operating sys­
tem can adapt to another as the need arises. We thus 
conclude that a fundamental expectation is that the 
chemical engineerinq graduate must be familiar with 
at least one operating system for personal and main­
frame computers. Familiarity with an operating sys­
tem implies competence in file manipulation, text edit­
ing, graphic display, etc. 

All chemical engineering graduates are currently 
exposed to the elements of scientific computation, 
though few receive sufficient reinforcement in under­
graduate coursework to ensure the necessary compe­
tence. "Fluency" is required in at least one of the 
standard scientific programming languages (FOR­
TRAN, PASCAL, C, .. . ); it can be assumed that an 
individual competent in one of the scientific pro­
gramming languages can learn others as the need 
arises. The chemical enqineerinq qraduate must be 
competent in the use of at least one scientific proqram­
ming language. Competence in a language implies not 
only the ability to write scientific programs, but also 
a sufficient understanding of programming logic to 
test and adapt programs written by o~hers. 

Modern engineering practice is dependent on the 
acquisition and processing of data through electronic 
means. The practicing engineer must have a working 
familiarity with the methods by which data are ac­
quired, transmitted, and recorded. The chemical en­
gineering graduate must have experience in the com­
puter-aided acquisition and processing of iriforma- · 
tion. 
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Most chemical engineering graduates make sur­
prisingly little use of library resources; for many, the 
senior design project provides their first real exposure 
to the engineering literature. Familiarity with modern 
library resources is important and, hence, it is de­
sirable for each student to conduct at least one search 
using information retrieval from electronic data bases 
such as Chemical Abstracts Service and Scientific In­
formation Systems. 

Word processors are achieving the "essential" 
status of hand-held calculators. They are becoming 
the principal vehicle for the generation of reports. 
New computer-aided drafting packages are effective 
for preparation of figures and, hence, it is desirable 
for the chemical engineering graduate to have experi­
ence in the use of word processors and graphics pro­
grams for the generation of reports. 

Many industrial organizations and university cam­
puses are utilizing networks of computers that share 
common data bases. More and more, professional en­
gineers, faculty, and students are finding it advan­
tageous to communicate with external computers to 
utilize electronic mail and data base facilities. Al­
though it is too early to require that all graduates 
have experience with electronic mail and external 
data bases, such a requirement should be feasible in 
the next 2-5 years. 

PROGRAMMING 

The basic skills defined here can be achieved only 
if computing technology is integrated throughout the 
curriculum. Students are required in most curricula 
to write short programs of their own, and they are 
often required to use programs supplied by others. 

_ They are rarely asked to evaluate programs supplied 
by other~ for efficiency, correctness in coding of the 
equations and/or algorithms, or correctness of the un­
derlying equations/algorithms. It is important to rec­
ognize that the software selection is an important re­
sponsibility of many chemical engineering profession­
als, and students need experience in evaluating pro­
grams supplied by others as well as in their use. We 
must teach how to perform an evaluation and verifica­
tion of programs supplied by others 

SCIENTIFIC COMPUTATION 

Most scientific computation requires the solution 
of algebraic or differential equations, maximization/ 
minimization, or statistical analysis. Chemical en­
gineering graduates should understand the principles 
underlying such computation, including the bases 
upon which typical algorithms are developed (numer­
ical methods). They should also have an appreciation 
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Data management and spreadsheet programs 
are becoming increasingly important, and familiarity 
with their use is desirable; spreadsheets are now 
being used ... for scientific calculations 
such as material balances. 

of concepts of numerical analysis such as convergence 
and stability; the latter are rarely covered, but are 
essential to the intelligent use of computational 
methods. 

Data .management and spreadsheet programs are 
becoming increasingly important, and familiarity with 
their use is desirable; spreadsheets are now being 
used in the chemical industry for scientific calculations 
such as material balances. 

Non-numeric programming is gaining importance 
for rank-ordering, generating combinatorial alterna­
tives, implementing complex data structures, and for 
analytical calculus. Increasingly, chemical engineering 
graduates need to understand the principles of utiliz­
ing lists, queues, and pointers along with standard 
numerical methods. These play a key role in artificial 
intelligence and robotics and are increasingly being 
applied in the synthesis and analysis of process flow­
sheets. Although not widely used in the under­
graduate curriculum, these structural problem-solv­
ing techniques are finding new applications. 

Because of the increasing use of computer termi­
nals for communication, as well as for computation, 
touch typing is a mechanical skill that should be en­
couraged. 

CURRICULUM 

Integration of the skills defined here into a chem­
ical engineering curriculum can be carried out in 
many ways. Familiarity with methods of data acqui­
sition is likely to be incorporated into a general labora­
tory course or as a laboratory associated with the 
course in process control. Scientific programming and 
the use of externally-supplied programs (FLOW­
TRAN, for example) is common in courses in design 
and control, but the other core courses are under­
exploited and provide an opportunity to establish the 
use of computational technology as a part of the nor­
mal "culture" of the graduate. 

Furthermore, the effective use of computational 
technology provides an opportunity for the introduc­
tion of open-ended problems at all levels of the core 
curriculum; this is particularly relevant in view of the 
need to maintain a minimum level of design (i.e., 
open-ended problems) in the curriculum for accredita­
tion purposes. D 
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