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W hat a challenge it is to develop a curriculum 
that will prepare our students for the years 

2020 to 2040! Should we focus on breadth, or depth? 
Produce a generalist, or a specialist? Besides subject 
knowledge, how much explicit training should be 
included to develop problem-solving skills, commu­
nication skills, interpersonal and team skills, and 
the ability to learn-how-to-learn? What is the role of 
projects? 

Our department at McMaster is relatively small 
and does not have expertise in some of the "emerg­
ing technologies."111 We feel that the design project is 
the capstone course, that synthesis activities should 
be spread over the whole curriculum, and that com­
puter skills should be well developed. In this con­
text, what should our curriculum be and how should 
we go about developing it? 

GOALS AND ANALYSIS OF OPTIONS 

To address the issues of curriculum design sub­
ject to our unique constraints, we examined and 
defined our goals, and consulted with many others 
during our two years of deliberations. As a depart­
ment, we set goals so that our graduates 
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• would be technically sophisticated, with an emphasis 
on the fundamentals 

• would not only be computer literate, but also be able 
to program effectively and efficiently and would be 
familiar with a wide range of computer executive 
programs such as FLOWTRAN, PROCESS, HYSIM, 
and various spreadsheets 
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• could learn on their own 

• would have good communication, problem-solving, 
interpersonal, and group skills 

• would know how to create hypotheses, perform 
experiments, and draw valid conclusions 

• would have enriched experience through senior 
electives drawn from our research expertise 

Acceptance of these goals immediately highlighted 
some directions: depth of the core fundamentals, 
generalist with electives available in our areas of 
expertise. Because the students cannot learn in class 
all that they will need to know in their career, we 
will have explicit activities to develop the student's 
confidence in their own how-to-learn ability. 

We held a number of faculty retreats for identify­
ing and streamlining the core concepts in chemical 
engineering and removing the overlaps and the in­
consistencies. Concurrently, a team of students per­
formed the same tasks from their perspective. Spe­
cial workshops were held on such topics as the labo­
ratory (led by O.M. Fullerr21) and on the results of our 
four-year research project to discover methods of 
improving the development of problem-solving and 
interpersonal skills. 131 

We discovered, among other things, that using 
open-ended problems and modeling how we solved 
problems did not develop the student's problem-solv­
ing skills, just as giving them good trouble-shooting 
problems did not improve their trouble-shooting abil­
ity. If they entered the activity with the ability to 
think of several causes ( whereas we hoped they would 
be able to think of, say, ten), they left the activity 
still able to think of only several. 

To develop the student's ability to learn-how-to­
learn, we chose as a model the problem-based, small­
group, self-assessed, self-directed learning model used 
by McMaster Medical School.l41 However, we did not 
have the advantage of its admission policies (that 
eliminated students who did not have well-devel­
oped problem-solving and group skills), the time­
table flexibility, or the resources to provide a faculty 
tutor for small groups of five students each. So we 
had to rephrase the problem to "how can we adapt 
their approach to our constrained system?" and chose 
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We discovered, among other things, that using open-ended problems and modeling how we solved 
problems did not develop the student's problem-solving skills, just as giving them good 

trouble-shooting problems did not improve their trouble-shooting ability. 

to use a thread of courses throughout the curriculum 
which would develop problem-solving and interper­
sonal skills and small-group learning skills.c5•61 The 
development of problem-solving and interpersonal 
skills was an important goal in its own right as well 
as an important component needed for the design 
project. 

Another issue was the integration of previous 
courses with the capstone design course so that the 
team-approach project course could focus on synthe­
sis. Our approach was that the principles of engi­
neering economics, ethics, professionalism, process 
improvement, and process design would be handled 
in a separate "course"L7J and to have industrial cli­
ents with real projects .cai Teams of about ten stu­
dents and two faculty would tackle a problem. For 
example, a recent project was with Essofl'exaco on 
assessing an industrial wastewater-treatment facil­
ity. Difficulties arose since the students entered the 
project without sufficient experience with computer 
executive programs and without having had some of 
the core courses (such as reaction kinetics and reac­
tor design, mass transfer and process control). 

In rethinking the approach for the new curricu­
lum we were not trying to replace the design experi­
ence-we wanted to enrich it. Four important changes 
pertaining to the design course were: 

1. Introducing computer programming (especially the 
executive programs PROCESS and HYSIM) in the 
sophomore and junior years so that the students 
would enter the project with this expertise already in 
place. 

2. Providing all of the basic fundamentals before the end 
of the junior year. 

3. Shifting the course load in the design course so that it 
was two tutorials per week in both semesters. 

4. Providing explicit training ahead of time on how to 
work effectively in groups and how to be a team 
leader. 

Thus, in addition to a "stream" of core fundamen­
tals that would be completed by the end of the junior 
year, we envisioned a series oflearning activities 

• on computer programming, numerical analysis, and 
executive programs 

• on "how to experiment" 

• to develop communication skills 

• to develop problem-solving and interpersonal skills 

These activities would culminate in and be inte-
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grated through the capstone design course. The skill 
oflearning-how-to-learn would be acquired through 
problem-based, small-group, self-directed learning 
in the course "engineering economics." 

CURRICULUM 

For the core fundamentals the former senior­
level courses were altered as follows: 

• the topics of reaction kinetics and reactor design, 
stagewise operations, diffusional transport phenom­
ena, and separations were split into two phases, with 
the junior level offering the basics and a senior level 
offering enrichment. This actually increased the 
amount of coverage of this material 

• process control was shifted to the junior year. 

Thus, by the end of the junior year the students had 
the core fundamentals in all areas. 

To provide expertise in the computer executive 
programs that would be needed for the design project 
course, a string of three courses in the sophomore­
junior years focused on computer programming, nu­
merical methods and modeling, and the use of execu­
tive packages. For example, PROCESS or HYSIM 
was introduced in the sophomore course, was used 
to enrich other courses in the sophomore-junior years, 
and was used explicitly in a computer-simulation 
course in the junior year that considered a relatively 
well-structured problem on a small section of a pro­
cess. Since the content in this string of courses is not 
ambitious, we decided to combine the problem-solv­
ing/interpersonal skills development activities with 
each of these three courses. In principle this would 
provide a ready-made "problem" and "group activ­
ity" where the problem-solving skills could be ap­
plied. Thus, the problem-solving activities would not 
be developed in a vacuum. Rather, they would be 
embedded and bridged into the computer program­
ming, model building, and process simulation activi­
ties. An example of the latter is given by Woods, 
Wood, and Gallinger.L91 

The problem solving/interpersonal skills/self-di­
rected learning components were dovetailed into the 
three team-taught computer programming courses 
described above and into a senior-level course on 
process economics and synthesis. In addition, the 
first sophomore course has as a co-requisite the mass 
and energy balances course. In this way we hoped to 
ensure that we had sufficient variety and opportu­
nity to apply the problem-solving skills in solving 
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homework problems. Details of this approach are 
available.1101 

A revised series of activities for the laboratories 
and on experimentation were added. In the sopho­
more year the emphasis was on familiarity with the 
hardwarel11l and on measurement techniques. In the 
junior year the emphasis was on doing a series of 
medium-size, medium-duration experiments to il­
lustrate principles. In the senior year, the students 
do several in-depth experimental projects. A lecture 
component is included with the laboratories to con­
sider activities on data treatment, hypothesis test­
ing, and providing individual feedback about the 
written reports. 

Another stream of experience focused on commu­
nications skills. The Faculty of Engineering has a 
policy that before students are admitted to the sopho­
more year, they must pass a Test of Writing Compe­
tence. So the students in our sophomore course on 
communication (see Woods and FeuersteinD 21) had 
the necessary basic fluency in English. We then for­
mally reinforced this skill with private reviews and 
feedback on the laboratory reports in the junior and 
senior years and in the presentation of the design 
project. 

Many of our introductory, graduate-level courses 
were modified so that, although the lecture compo­
nent was common, a graduate and undergraduate 
offering of the course would be presented in areas of 
our research expertise: biomedical, polymer engi­
neering, process control, statistics, environmental 
engineering, particle processing, and surface phe­
nomena. Senior students could elect to take three of 
these courses. 

Figure 1 shows the resulting new curriculum. 
The freshman year is common to all branches of 
engineering, so we had no direct control over the 
content in that year. Accreditation requirements dic­
tate the eighteen credits of English and humanities 
(in the freshman, sophomore, and senior years). Fac­
ulty requirements dictate the engineering courses in 
mechanics/structures and electricity/magnetism. 
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- design project: senior year, 4 credits 

- enrichment chemical engineering electives: senior 
year (compared with general technical electives), 9 
credits 

- computer/simulation stream: introduction, freshman 
year, 4 credits: sophomore year, 1 credit; junior year, 
1.5 and 2 credits 

- communication stream: sophomore year, 1.5 credits; 
part of 2-credit lab in both junior and senior years 
and part of the design project 

- problem solving/interpersonal skills/self-directed 
learning: sophomore year, 2 credits; junior year, 1.5 

and 1 credit; Senior year (with special co-requisite 
requirements to embed the skill development101), 2 
credits 

- experimentation and laboratory: sophomore year, 
about 1/2 credit; junior year, 2 credits; senior year, 2 
credits 

- mass and energy balances: sophomore year, 8 credits 

- thermodynamics: junior year, 3 credits 

- reaction kinetics/reactor design: junior year, 3 credits; 
senior year, 3 credits 

- fluid mechanics: sophomore year, 4 credits 

- heat transfer: junior year, 4 credits 

- stagewise operations and mass transfer: junior year, 4 
credits; senior year 3 credits 

- process control: junior year, 3 credits 

- engineering economics and process engineering: 
senior year, 2 credits 

HOW WELL HAS IT WORKED? 

In two words-extremely well. Employers com­
ment very positively on the quality of our entry-level 
graduate. Alumni are enthusiastic about the cur­
riculum and the preparation they have received. The 
most unique innovation has been in the problem­
solving/interpersonal skills/self-directed learning 
components. For this reason, we have conducted a 
variety of pre- and post-tests as well as control­
group assessments. They have shown a statistically 
significant increase in performance in the main­
stream chemical engineering courses and a 1 to 2 
standard deviation shift in confidence that they now 
possess skill in problem solving. The self-directed 
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learning has been more difficult to quantify. Anec­
dotal evidence abounds as to the student's prefer­
ence for this mode oflearning and to instructors who 
feel that the students learned more and performed 
as well, if not better, on written exams than did 
students who previously "learned" the material via 
traditional lectures.15,51 

We are changing some components since they did 
not work out as we had hoped. In particular, the 
blend of problem solving with computer program­
ming in the sophomore year did not provide the 
synergy we anticipated. The students viewed them 
as two separate parts. So we have integrated com­
puter programming into the mass and energy bal­
ances course and maintained a separate 2-credit 
course on problem solving that applies the skills in 
the required co-requisite mass and energy balances 
course. This latter bridge has worked extremely well. 

The extra course in reactor design in the senior 
year, likewise, has not lived up to its expectations. 
So we combined the non-ideal behavior with the 
junior course (now 4 credits) and created a richer, 
elective course in reactor design. Also, the students 
found that the sophomore fluid mechanics course 
was very challenging, so we have now switched this 
to the junior year. 

The design project is much more effective in the 
new format. We have shifted from PROCESS to 
HYSIM as the computer executive program of choice. 

These changes have been minor. All in all, we 
feel that this new format offers a very viable curricu­
lum model for the year 2000. 
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LETTER: Equilibrium Thermodynamics 
Continued from page 29. 

The adiabatic constraint is removed in their second 
and third problems, which should, therefore, cause the 
student no difficulties. 

(Many of the points discussed here I raised in the 
literature a decade ago or more.16·11 1) 
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