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THE WORLD WIDE WEB 
For Teaching Chemical Engineering 

HENRY BUNGAY, WILLIAM KUCHINSKI 

Rensselaer Polytechnic Institute, Troy, NY 12180-3590 

The World Wide Web (WWW) is an impressive re­
source and has the potential to change education. 
Navigating the WWW is part of an expanding use of 

computers in Rensselaer Polytechnic Institute 's (RPI) courses 
in chemical engineering and environmental engineering. This 
paper addresses ways of using networking and the WWW in 
teaching. 

User-friendly software, such as Mosaic, for navigating the 
WWW can present material in a highly entertaining man­
ner. [11 Assignments with the WWW in courses in environ­
mental engineering and chemical engineering at RPI are 
popular with the students, but the best ways of using the 
WWW for teaching are still to be discovered. Our experi­
ences will provide some insight into that potential of the 
WWW and will raise questions about how to best exploit its 
vast informational resources. 

BACKGROUND 
The RPI system is typical of how a research university 

handles computing. The campus mainframes or servers em­
ploy Unix and programs for the usual editing, spreadsheeting, 
and drawing, and compilers for various languages (such as 
C++ and Pascal and the like), as well as a wide variety of 
less common programs. About a dozen classrooms have a 
permanent computer, a VCR, and a projector. In our chemi­
cal engineering department, there is one mobile station with 
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a computer and a high quality projector that can be wheeled 
into various classrooms that have jacks connected to the 
campus network. There are jacks in student dormitory rooms 
to connect with the network at high baud rates, and modems 
can be used from other locations. Many students do not own 
a personal computer and must use public terminals or work 
stations that are scattered throughout the campus and in 
computer laboratories. Practically every computer on cam­
pus can connect to our network (actually a number of sepa­
rate networks that are interconnected). 

EDUCATIONAL COMPUTING 

Freshman and sophomore courses use math programs (such 
as Maple), and banks of classroom computers promote the 
teaching of physics, chemistry, and mathematics. By the 
time students take chemical engineering courses, they ex­
pect to use computers routinely. Anywhere from 30-90% of 
the students regularly use e-mail as they embark on the 
departmental courses. Prof. Wayne Bequette emphasizes 
Matlab in his process control course to the extent that our 
students become experts, and telecommunication and the 
WWW are stressed in the biochemical engineering course 
and in two environmental courses. Using BASIC and per­
sonal computers for running teaching programs has been 
described in a previous article in this joumaIY1 Simulations 
are also demonstrated in class, using the projector to explore 
terms in equations. The files that are used in class are in the 
instructor's public directory where students can copy them. 

Easy interchange of graphics files is also becoming impor­
tant. One class assignment requires using a program for 
converting file formats; the students can take a file from just 
about any computer system and convert it to the format used 
by a different computer. We also find picture files and clip 
art on the Internet for free downloading. 

Some student computing accomplishments are: 

• Deriving differential equations that describe 
processes, translating them to computer code, and 
learning from computer simulation. 

• Familiarity with mathematical programs and 
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knowing when to use them. 

• Navigating the Internet and downloading information; 
organizing and interpreting the information from 
lectures, assignments, and the WWW. 

• Using full-featured programs that manage text, data 
bases, and images to prepare reports that can be 
printed but are often transmitted by e-mail or posted on 
bulletin boards or newsgroups for the courses. (Our 
newsgroup addresses are rpi.courses.bioengr and 
rpi. courses. environmental.) 

The students have mastered several ways of solving problems 
with computers. Even better, they use their computer tools 
without being told to do so in senior courses. In other words, 
they appreciate computerized methods and recognize when to 
use them. 

TEACHING MATERIALS ON THE WWW 
Some very nice materials of interest to chemical engineers 

are on the WWW. Two examples, and addresses, are: 

• A multi -author book about computer science with a 
particularly valuable chapter about the Internet. 

http://compsci .cas. vanderbi lt.edu/csep/html 

and 

• An environ mental archive at the University of Natal , 
Durban, South Africa, with emphasis on separations, 
especially membranes. 

http://www.und.ac.za/prg/prg.html 

We have our own archi ve for biochemical and environmental 
engineering. It includes compressed collecti ons of teaching pro­
grams that run on personal computers, digitized images that are 
shown during lectures (the quality of color images when pro­
jected is superb) , and hypertext tutorial packages. The address 
for anyone on the WWW is 

http://winston.eng.rpi.edu/dept/chem-eng 

or 

http://www.eng.rpi .edu: 80/dept/chem-eng/ 

Some nice hypertext tutorials have been contributed by stu­
dents. Among the options fo r term projects is creati ng a teach­
ing aid for the WWW. We have over thirty new WWW pack­
ages that represent the work of about forty-five students be­
cause some prefer to have a partner. Two such packages pre­
pared by the instructor were provided as templates for the 
students. They had to learn almost nothing about the .html 
language used for the WWW-they merely had to "cut" from 
the template fi les and "paste" in their own materials in the 
appropriate places. Table 1 lists our current collection of 
hypertext presentations. 

None of us has had much experience in developing hypertext 
teaching presentations, and as a result ou r results vary from 
amateurish to pretty good. But the ·students said it was fun and 
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challenging to devise a teaching aid, and they enjoyed seeing 
their project distributed to the world (most term projects 
over the years have been filed away and lost). An unex­
pected but nice feature added by several students was a 
personal touch. They incorporated clip art from the Internet 
for light touches, and some went as far as including a page or 
two on their views of life. We very much hope that others 
here and elsewhere will improve our presentations or even 

... navigating the WWW can present material 
in a highly entertaining manner.111 Assignments 

with the WWW in courses in environmental 
engineering and chemical engineering at 

RPI are popular with the students, 
but the best ways of using the WWW 

for teaching are still to be discovered. 

TABLE 1 
RPI Hypertext Presentations 

For Both Envirollmenral a11d Biochemical E11gi11eering 
Adsorption 
Growth Rate Relationships 
Biochemical Oxygen Demand (BOD) 
Microfiltration 
Sedimentation 
Ion Exchange 
Coagulation/Flocculation 
Microbiology of Waste Treatment 
Microbial Degradation of Aromatic Hydrocarbons 
Membrane Diffusion 
Aeration 
Granular Activated Carbon 
Laboratory Safety 
Quiz 

Principally for Biochemical EHgineering 
Purification-Early Steps 
Brewing#! 
Brewing#2 
Chromatography 
Immobilized Enzymes #I 
Immobilized Enzymes #2 
Fermentation 
Biotechnology Overview 
Precipitation 

Principally for E11vironmental Engineering 
Troy Water Treatment Plant 
Fluoridation 
Incineration 
Albany Waste Treatment Plant 
Guilderland Waste Treatment Plant 
Glens Falls Waste Treatment Plant 
Septic Tanks 

Environmelltal Systems E11gineeri11g 
Artificial Intelligence Terminology 
Neural etworks 
Expert Systems 
Hardy Cross Introduction 
An ESE Quiz 
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attempt to surpass us. Through evolution some outstanding 
teaching aids should become available. 

HYPERTEXT 

Hypertext depends on interlinking. The user is presented 
with lists, paragraphs, and options that include "buttons" or 
"hot words" to click on to link to different files that can be text, 
sounds, simple images, or video clips. Links can go anyplace 
on the Internet, but remote materials are very unlikely to have 
further links that can maintain the same thought pattern. You 
simply click on "BACK" to return to the home presentation. 
With color, animation, and sound available, computer presen­
tations can surpass books and lectures, and the interactive 
features are superior to movies and videos. 

One concept of hypertext is layers of information, giving the 
user the option of browsing casually or delving deeply. Some 
of our presentations allow following a main thread or digress­
ing. Equations can be written with little explanation or deriva­
tion because there are "hot words" that will bring up the details 
if needed. Even the derivations can be layered; algebra that is 
easy for some is not so obvious to others who may wish to 
click on "very simplified algebraic manipulations." We have 
some duplication of term topics. These can be interlinked so 
that material is presented again in different words or is supple­
mented with selections from the other presentation. 

The instructor's goal is to have teaching aids that supple­
ment or replace traditional lectures or recitations. (Thus far, 
only two or three lectures in our courses have been totally 
replaced by a WWW session.) This adds flexibility to a course; 
illness or travel need not mean a lost lecture when a teaching 
presentation on the WWW can fill the gap. 

Although hypertext is clearly a great way to present informa­
tion, computers can also teach with simulation and with inter­
active games. Most of our simulation and gaming programs 
were written in BASIC and run nicely on personal computers. 
Teaching programs for the courses are compressed into groups; 
the student takes one compressed file from a campus account 
to a personal computer, invokes the decompression program, 
and all of the programs pop out in decompressed form, ready to 
run. Some programs for which we have a classroom license 
cannot be in the public directory because anyone in the world 
could download them. These have to be distributed individu­
ally to the students. But we have some freeware and shareware 
programs in the archive. 

Since our teaching packages are in the public domain, there 
is no financial reward for our hard work. There wasn't much 
choice in this respect because with over two hundred BASIC 
programs and the WWW projects with contributions from 
many students, and it would be impossible to apportion the 
money if we had a commercial publisher. 

EVALUATION 

Much of our networking is local, with course descriptions, 
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TABLE2 
Teaching Tips 

• Get the file of student names from the registrar. This can be cast 
into spreadsheet format for grading in just a few minutes . 

• Put the grading spreadsheet in a public directory so that students 
can inspect it at any time. Use aliases instead of names to ensure 
confidentiality. By comparing their grades to others, students can 
learn how they stand. 

• Put course information on the WWW. Less paper is then handed 
out in class and updating is easy. Course descriptions can be good 
advertising to bring students to your institution. 

• Digitize slides, photos, and drawings for projection in class. Put 
them on the WWW so your students can include them in notes 
and reports, as can anyone on the internet. 

• Use e-mail as the main method for communication outside of the 
classroom. E-mail is less frustrating and more convenient than 
making an appointment or standing in line to see someone. Phone 
calls tend to come at the most inconvenient times! 

• Post assignments in a public directory or in the class newsgroup. 
This saves paper and facilitates corrections. 

• Collect homework, reports, and term projects that are not large by 
e-mail to the teaching assistant. A student puts large project files 
in his or her public directory. Downloading from the student 
account works better than having them hand in floppy disks 
because the different densities, formats , and operating systems 
create problems. 

assignments, tips, instructions, some lecture notes, and grade 
spreadsheets on line. Navigating the WWW to search for 
useful materials at other institutions is becoming routine. 
There is no doubt that students find the network useful. They 
quickly appreciate Mosaic, and they also use ftp for file 
transfers. They are provided with addresses of archives of 
tens of thousands of files for downloading, including com­
puter utilities, spreadsheet programs, languages, and almost 
anything else that can be imagined. This availability got one 
of our older students in some trouble after he showed his 
twelve-year old son how to download and his wife later 
found that the son was using their computer in the dead of 
night to capture raunchy pictures that he was selling to 
classmates. 

The WWW and RPI's computing systems are in place. 
The cost to us is nearly zero, but we must assess whether the 
payoff from heavy emphasis on computing is worth the 
bother. The students are enthusiastic because most of the 
computing is fun , and navigating the WWW is highly enter­
taining. Furthermore, recent graduates state that computer 
skills helped them find jobs and enabled them to perform 
well in comparison to alumni of universities that place less 
stress on extensive computer training. Knowing how to search 
the scientific and engineering literature is important, and 
finding relevant information can impact their lives in many 
ways. The problem is interpreting such a vast amount of 
information. Some educators fear that cruising the WWW 
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may just replace watching television as a distraction that 
keeps people from really being educated. 

CHANGES IN TEACHING 

Key concerns are whether education is improving and 
what the professors are doing differently. Students who de­
velop hypertext presentations learn more about the topic 
they wish to teach and better appreciate the problems of 
devising good explanations. Students who learn from the 
presentations benefit because they can progress at an indi­
vidual pace, going fast when they wish and branching back 
when a concept needs reinforcement. The visual aids tend to 
be elegant compared to hasty sketches done in class. Our 
best presentations compare well with a lecture, although 
there is still room for improvement. 

If the evolution of teaching materials on the WWW makes 
lectures obsolete, there may be little future need for profes­
sors-but the professor's role can change. While it is not 

much fun or much of a challenge to give the same old 
elementary lecture year after year, we may finally have the 
time to develop first-rate laboratory courses with extensive 
computer interfacing and with programs that help collect 
and interpret data. The lectures that remain can be advanced 
and exciting, with the latest gleanings from research litera­
ture. Our most important role could well be guiding students 
through the glut of information on the Internet. 

It is too early to summarize since teaching with the WWW 
is still in its infancy. Our hypertext packages are far from 
finished, and they may never be. A little more of the flavor 
of chemical engineering computing at RPI can be gleaned 
from the teaching tips in Table 2. 
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REVIEW: Three Books on Problem Solving • Continuedfrompage 157. 

problem, generate possible sol ution plans, decide on one, imple­
ment it, evaluate the solution). Many models and algorithms are 
suggested for implementing the steps, e.g., brainstorming tech­
niques developed by Osborn, Adams, and deBono, Kepner-Tregoe 
(KT) problem analysis to obtain a clear problem definition, KT 
decision analysis to choose the best solution from a number of 
alternatives, resource allocation tools like Gantt charts and critical 
path analysis, and a host of evaluation checklists. Each chapter 
concludes with a reference list and a set of exercises. The authors 
have also prepared eleven interactive computer modules that supple­
ment the text coverage of critical aspects of the proposed problem­
solving methodology. 

The book could have been dry to the point of unreadability if the 
authors had simply chronicled the recommended strategies. Fortu­
nately, they have done much more, making the text one that stu­
dents will actually read. Every suggested procedure is illustrated by 
case studies and anecdotes (some humorous) about disasters that 
can or did result from failure to adopt a systematic problem-solving 
strategy. The typographical layout is rich in visual content-high­
lighted boxes, marginal notes, and clever hand-drawn sketches. 
Some of the exercises in early chapters may strike some students 
and professors as too "touchy-feely" (like "Choose three of the 
habits of highly effective people and explain how you will practice 
them during the coming weeks"), but most are ingenious puzzles­
familiar crises (like having your car break down on the way to an 
important appointment), brainstorming exercises, logical brain teas­
ers, and real industrial problems. In fact, the examples and chapter­
end exercises alone justify the cost of the book, being both enter­
taining and potentially valuable sources of problem material for 
many engineering courses. 

The third book, Woods ' Problem-Based Leaming, is addressed 
to students in a class built around problem sets or case study 
analyses done by largely self-directed and self-assessed student 
teams. The book summarizes the instructional features , difficulties, 
and benefits of the PBL approach and provides tips for developing 
the problem-solving, independent and interdependent learning, and 
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self-assessment skills that the approach is designed to foster. An 
instructor's guide and a 26-minute videotape are available from the 
author. 

The book is a lot like its author. Don Woods probably knows 
more about teaching and assessing problem-solving skills than 
anyone else in the world, and he is generous about sharing his 
expertise. As anyone who has ever gotten into conversation with 
him knows, ideas about teaching methods and assessment devices 
come pouring out of him like water from a dam release, leaving the 
listener scrambling to retain a fraction of the ideas and wishing for 
a tape recorder. The book is similar-a dense forest of elaborate 
concept maps, checklists, rules-of-thumb, and tabular comparisons 
of different learning and problem solving and information process­
ing styles. I cannot imagine many students actually reading all this 
material. Moreover, the examples are few and very general (e.g., a 
detective puzzle about a jewel robbery) and will do little to help 
students relate the text material to their own lives and career inter­
ests or to apply them in their own disciplines. 

On the other hand, the book's wealth of material makes it a 
valuable reference for instructors using some form of problem­
based learning or any active or cooperative learning techniques in 
their classes. It offers an insightful analysis of why some students 
are likely to resist any nontraditional teaching method and gives 
explanations, motivating messages, checklists, exercises, assess­
ment instruments, and an exhaustive list of references for each of a 
broad assortment of problem-solving, critical thinking, and inter­
personal skills. 

Taken collectively, Scarl' s practical tips for solving basic prob­
lems, Fogler and LeBlanc's strategies for attacking more sophisti­
cated problems and their splendid collection of real-world ex­
amples and exercises, and Woods' compilation of barriers to skill 
development and methods to overcome them provide all the tools 
instructors might ever need to convert their students into confident 
and creative problem solvers and engineers. I recommend these 
three books as valuable additions to any engineering professor's 
bookshelf. • 
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