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. TEACHING PROCES3 DESIGH: A SURVEY OF APPROACHES TAKEN

INTRODUCT1ION

This is a biased interpretation of the fifty-two completed
questionnaires that I received in response to my appeal for a sharing
of ideas on the methods of teaching process design. This is not a
strict reporting of the distribution of answers to the questions on the
questionnaire. It is a sharing of the ideas and impressions that I
gained from the data, and I have taken the liberty to include informa-
tion from other sources. :

The major themes of the report are what are the major diffi- -~
culties encountered in teaching process design, and what suggestions
and approaches could be or have been taken toward minimizing the
difficulties. Many statements are referenced so that interested persons
can write directly to a particular instructor for more information.

1. HAJOR DIFFICULTIES

Five.major.difficulties are encountered: time, choice of project
topic, inadequate student background, vague teaching philosophy, and
creativity,

1.1 Time

iiost respondents pointed to time as the najor difficulty
encountered in design (12, 43, 48, 52)*. This was expressed also as
"not enough time" (5, 2&, 51) and "excessive demands on staff time"
(1, 42). It is interesting to note that more than 50% of the universities
already have between 2C0 to 450 calendar hours available for some type
of project and that all but two have between 50 to 150 hours set aside

for design.

1.2 Project Topic

The . roject should be

1. capable of being solved within the time allowed,

2. realistic and not make believe, : -

3, nev and potentially of commercial interest rather than a rehash
of well-established processes, '

*See Section 3.6 for respondent references.



L, one for which sufficiently accurate data are available such -
that some confidence can be placed in the answer. v

Furthermore, the staff must be relatively familiar with the technology'
of the process, »

The second most popular difficulties encountered were the lack

of reliable data (13, 46, S-3)** and the availability of good pro;ects
(10, 29, u47).

1.3 Inadecuate. Student Background

Students entering a design course often have inadequacies in

cost estimation and engineering economy (24, s-3),
. rule-of-thumb design (24, S-3),

equipment design methods,

use of the library,

report writing or oral communication,

creative thinking, ’
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1.4 Vague Teaching Philosophy

Process design is gifficult to teach. We have not decided what
topics can be taught and what cannot be taught in design or what exp-
erience the staff should present to the students (As:Lmow, C-1 p. 40),

Cnce we decide upon the topics and the experience, how can we
teach it? TFisher found that, much as he wanted to share his design
experience with the students through lectures, it was necessary and
desirable to arrange student assignments so that the students dis-~-
covered some of the pitfalls of process design and management themselves(Z)
Some instructors found that the informal discussion sessions with the
students were very rewvarding (47). Others found that vhen lectures
wvere offered upon request by the students, few lectures were requested,
the students wvanted to get on with the job (S-1, ¥-1), ~

From the answers to the questionnaire only two geiieral conclusions
can be drawn:

1l,. the nost common ratio of lecture to total calendar time is about
C.25

2. the type of guidance given in any meetln;s held durlng the project
is "how the work should be done" in 85% of the universities. The
other 15% of the universities prefer to use these meetlngs to -
discuss '"how the work should have been done'.

**Alpha-numeric symbols refer to papers and books listed in Section 3.4,
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No other conclusions can be made because of the variety of ayproaches
taken for the amount of staff guidance (student to staff ratio and the
number of meetings), and the type of project used to illustrate design.

It seeins that there is a lot of e perlnentatlon being done in
teaching techniques; it is hoped that the results are shared because
so many questions on teaching philosophy remain unanswered.

1.5 Creativity

A final major difficulty is creativity. Iliost universities
reported a concern for the presence of it in their approach. HMy first
impression was that "creativity' has a different meaning to different
reople. Two questions on the questionnaire were included to check for
consistency in the respondent's definition with my idea of creativity,
Often there was not consistency. For this work I chose Taylor's '
definition "creativity is the process of generating better alternatives
according to an acceptazble criteria" (T-1). The opportunity to
generate alternatives must arise either from the problem specification
(25) or from a willingness to generalize a problem specification to
allow for alternatlves. ' :

" The first task is to offer the opportunity to be creative.
This demands not only student time but extensive staff time (51). HMany
of the topics chosen for the design project have more analytical than
creative opportunities. For example, the use of the AIChE or IChE
(London)- problems and problems where flow diagrams,- assumptions and type
of equipment to design are specified restrict the g,portunlty for the
generation of alternatives. Desnite the popularity of this type of
project, I was pleasantly surprised by the efforts made by about 35%
of the universities to use unstructured, openly defined problems.

Even if the problem has few resstrictions, it is difficult to
encourage the students to grasp the oprortunity to be creative. Several
examples exist where creative problems vere offered but all the students
chose the same, fairly vell-defined process to solve the problem (W-1).
Some try to keep the opuortunity for creativity alive by posing the
right questions to the students (2, S-3) and getting the students to have
confidence in out-of-the-ordinary decisions. But how can we get the

students to nose those questions themsel-res?

Hence, we have difficulty in deciding wvhat we mean by creativity,
in allowing it in the problem specification, and in encouraging the
development and adoption of novel but economical designs.

2. COHMENTS AKD SUG BSTICNS

Some comments and suggestions are made about the major difficulties
listed. - C



2.1 Time

In general, I was »leasantly surprised at the amount of time
allowed for professional development courses**, I had expected the time -
to be around 100 hrs., ond this turned out to be approximately the
minimurn time spent. Some devote three to seven times this amount and
seem to make this group of subjects a major consideration. For this
total time about 50% of the colleges have both research and design
projects. , ' : :

I had expected that hardly any unit processes or technology
courses would be offered and was surprised to see that 35% of the
.universities offered this. I was disappointed in the amount of engin-
eering economy presented and with the emphasis that seemed to be placed
on it when it was given. I gained the impression that often the
economic analysis was of minor interest even though 90 to 95% revorted
that economics was part of the student experience,

From studying the courses offered I think that perhaps we are
not effectively using the total calendar time available because not
sufficient time is available to do both research and design effectively,
and because too much new course work has to be introduced in the design
project to leave sufficient time for the students to tackle the project.

Several suggestions for minimizing the difficulty.of not enough
time for design are '

1., allow more curriculum time; ~.Some have done this, but even then
they believe'lack-of-time_to be the major difficulty.

2., more effectively use the student's time by

a. having the students work in groups. This has been the most
widely accepted approach, Students at about 90¥% of the
schools tackle design projects (other than the AIChE
problem) this way. The danger is that each student will
not have equal opportunity, or that ne will be working
in one specialty area and learn little, or that he must
depend on others who may fail to 'pull their weight. This
sometimes means that some students are worse off working
as a member of a group than if they worked alone on less
ambitious problems. HMany try to get around this by rota-
ting the chairman of each company sroup. One tried using
all of the company groups together to act as each other's
consultants and as an idea sounding-board (51).

b. using smaller design projects or a well-planngd, guided
program instead of a large project. This is discussed in
Section 2.4 '

**For definition of terms see Section 3.5.



O

O

5

3., turning open-ended problems into well-defined analytical exercises,
This removes the need to decide upon the process because the pro-
cess is specified; one does not have to look for physical properties
or kinetic data beczuse they too are given, In fact, the problem
is so defined that there is very little opportunity for creativity
at all. This is the approach taken by about 60% of the colleges
vhen they offer design projects and by 75% of the colleges.when
they svecify problems for part of a design course. ,

Concerning the staff time requirement, one can try to minimize the staff
load by encouraging all of the staff to participate. This not only makes
the teaching load more balanced and provides a wider background of ex-

perience but presents a greater chance to give creative problems, About
5% of the departments use all of the staff on the design project (exclud-

ing fundamental research projects) 45% use more than one staff member.
The question we need to try to answer is 'is the student benefit from the

course worth the reguired staff effort?'".

2.2 Proiject Topic

The project topics listed by many respondents were interesting
and sound challenging. For examnle, .

a. develop and design processes for the utilization of a raw material
common to the area, e.g. salt in Southern Ontario or uses for
Missouri oak.

b. develop and design processes for production of a material réquired
in the area, e.g. fertilizer. '

c. develop and design processes to meet some realistic need, e.g. soft
detergents, styrene, acrylonitrile (in Canada in 1964), water and
oxygen on the moon for the space program, water Gesalination for
an emerging country.

d. 1let the student do a market survey and decide upon his own product
and production rate. '

One conclusion that can be made about the design topic is that the students
enthusiastically attack a problem that they think is significant rather
than academic. - Dartmouth found this in their work on medical devices for
the physically handicapped (S-1). Some realism can be generated, even

for work on well-known processes, by the use of an outside industrial
judging committee for the final report (S-1)(%-1), or by the application
of novel analytical or computational methods such as the digital computer
simulation of the CIL sulshuric acid plant with the help of the PACER
executive program (S-2). Nevertheless it is one thing to think up ideas



of realistic projects, but it is quite a different problem to obtain
accurate background experience to give them confidence in supervising the
project. 1iiost of us, rightly or wrongly, try permutatlons and comblnatlons
of the processes with vhich we have worked.

Some suggestions for selecting and obtaining background information
are
1. use government agencies to help supply the necessary information,
For example, the Technical Information Service of the National
Science Library probably would help Canadian staff members.

2. study the import-export statistics and try to forecast the new
products for the country,

3. encourage the staff to take sabbatical leaves in industry. Although
this often jeopardizes research, several have done this,

k, obtain cooperation from industry in supplying.technical information
about processes, physical property data, cost data and design manual
information. Several schools have been able to enjoy good liason
on certain projects (5-2)(¥-1). Some visit plants similar to the
ones on which the students are working and discuss technical details

after the students have had some experlence with the project (27)(hh4).

5. invite individual guest lecturers from industry for special
lectures (27). This can disrupt any lecture program but, with
care, can bring a uealth of pertinent. 1ndustr1a1 experience to
the progect

6. invite engineers in as consulfants; not to give lectures, but to. .
contribute to-the @iscussion sessions with the individual project
groups (36).

7. assign the project supervision to a part-time 1nstructor from
industry or consulting firm (23).

: 4
8. have all the staff  contribute to the progect and hence gain from
all of the staff experience (24)(s-2).

9. arrange for one-week seminars in August during which industrial
specialists on one process would update design instructors on
this process. This could be a cooperative industrial program
with visits to several different companies engaged in this process.

These are some suggestions to improve the background information.

2.3 Inadecuate Student Backsround

Yle exvect a course in process design to do too much. ‘e shove
know-how and tachnology, rule-of-thumb design and equipment design out of
the engineering science curriculum. ‘le tend to look on design courses
or projects as the "great finishers"; we add the odds and ends that we

V |




did not get a chance to cover elsevhere. Therefore, instead of the
student coming into the design project with an understanding of engin-
eering economics, industrial problems and technology, equipment design,.
optimization and methodology for handling complex problems, he must
pick this up in the design course. - Furthermore, the students usually
solve analytical not creative problems in their preceding courses,

yet we expect them to become creative in the design »roject.

O

I feel that the professional development program should prepare
the student for responsibilities in the expansion of process industries,
in the efficiency work with existing plants, or in research and devel-
opment. Trojects in any one of these three responsibilities would be
worthvhile provided the project followed a core* of professional
development subjects (just as we have engineering and science core
subjects). Some suggestions for preparing the students for the project
work and thereby satisfying the professional development core program

are

1. use the summer period for - .
a. required reading courses with exams at the end of the
sumner (7),
b. reports of engineering experience, -,
c. cooperative industrial training.

2. give special courses in the subject, e.g. equipment design (25)
(33), technical communication (32)(2W).

O

3. offer visits to industries and require reports of the visit (33).

L, add to each transport phenomena course experience in equipment
design, cost'estimation and rule-~of-thumb design. .

5. arrange for functional analysis of processes together with day

long “schools" in industries to study in detail one part of the
process, S '

2.4 Vague Teacking Fhilosophy

Hany interesting experiments are bcing done. Some experiment
with the type of nmroblems used to teach design. The traditional lecture -
plus design of equipment, and the group project of one process, although
still popular, have four interesting challengers:

1. a series of projects that start simply and increase in difficulty
and time requirement while the instructor's guidance reduces,

2. case studies where a series of projects of approximately equal
length and degree of difficulty are tackled (s-3). :

'<;; 3. research and development laboratories where the emphasis is on
process (not on engineering science fundamentals). '

*An enumeraticn of courses to be included in the professional development
core is given in Section 3.5. '
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L, plant design of one large plant tackled by individuals or as an "."
all staff-all student class project.

For the actual :iechanics of teaching, I feel that wve should experiment by

1. offering a detailed project only after all of the core material
has been given,

2. maintaining a high staff to student ratio (preferably having
all staff participate under the supervision of one or two
coordinators), '

' 3. encouraging frequent discussion sessions (either informally
or formally) with the emphasis on how they did the work. Ve
could try to arrange for industrial engineers to attend these
sessions,

L4, try to simulate industrial working conditions, encouraging the
students to work in a pleasant design room (rather than at home),
to work a set number of hours during the week and have them match
their accuracy of calculations to that time (¥-1).

2.5 Creativitz

lMany are concerned that they have creative projects. Yet the ‘ ‘.’
students should have some experience in creativeness before they reach
the design or research project, Some suggestions are:

1. offer short problems such as trouble-shooting problems -in unit - -
operations courses and laboratories (?) or in engineering ,
economics courses (%W-2). Project and equipment design for unit
operations labvoratories can supplement the traditional three
hour experiments on unit operations equicment (2h).

2. use functional analysis of processes to encourage the invention
of other process systems. - ’ ’

3, set up a creative atmosphere (Arnold, C-1, p. 95). .
Some comments and suggeéted methods-to minimize the difficulties en-

ccuntered in teaching process design have been given. The next section
is a summary of the answers given by responients to the questionnaire.
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3. Background Information

3.1 Time Available

The time set aside in the undergraduate curriculum can be

~ arbitrarily divided into three portions

1. humanities (including economics)

2. science and engineering science (including unit operation but
excluding equipment design and project work)

3. professional development (PD)

The professional development portion consists of some professional
development core topics and a project laboratory. The core includes
engineering economy, use of the library, written and oral communication,
mathematical methods of optimization, project planning and complex
problem methodology, equipment design (both detailed and rule-of-thumb),
an appreciation of chemical indusiry and technology and some experience
in creativity. The project laboratory draws from a background of core
material to illustrate one or more of the three major engineering respon-
sibilities: - expansion .of processes; efficiency work on existing plants,™.-
and research and development._ :

The total calendar time set aside for professional development
courses by different universities is indicated in Figure 3-1. There

secem to be three general trends _
Lo of fhe schools allo@ between 80 and. 180 hours
A3l% allow between 200 and 250 hours .
20% | - allow more than 350 hours
There seems to be no general trend in the way the total time is spent.

(Elective courses were not included in this analysis except where there
seemed to be a good chance that the students would choose the course.)

3.2 Method of Teaching

Four topics are considered pertinent to the method of teaching:

‘the ratio of lecture to laboratory hours, type of problems used, guidance

for projects and the creativity allowed.



) . , ) I

(SINEIANOdSTY AmH<ZZOHHwAbG ZOMh aaqod) ALISYIAINA

_ ‘e
- [ . . »

.m m_

v_moh (44 mv m« @@

*sdg 3TUn pue ufdiseq juawdinby
yoaeasay

pnoemoao>oa pu®e yoxessay '
‘yjey uotjeziwridg

sotwouody Jutaasurug
L3o1ouyday,

udysaqg

51d0L

(3wWT3 Te303 FUTSRAIOAP
Jo aspao ut) Ajgsaaatup Lq padueaxy
gasanoy juawdoTdadq TBUOTSSdJOId I03
sanoy JepusTe) 8305 ‘T~¢ 9IndTy

1d02

1 L FQQ¢V§EEi;j:”"

7%
‘MM
-
)
1,
-0

(sInoy -3o spalpuny)
SYNOH YYANITVO TVIOL




3.2-1 Type of contact for the Desiﬁn Program

Figure 3-2 illustrates the ratio of formal lectures to total
calendar hours available. Included in these data are both design project
laboratories and Cesign courses, The lecture time used was not the
nominal lectures specified in the calendar but the realistic estimate of

the respondents.

The most popular ratio was 0.20 to 0.30 lectures / total time.

3.2-2 Type of Problem Used
Five approaches are taken in handling design

1. 1lecture plus homework assignments on equipment design or design
of small plant sections, *

2. one large plant or process design;

3, guidance through a series of problems of approximately equal
length and difficulty (case studies), :

4. a series of problems of increasing length and difficulty (guidance
is reduced as time progresses) S '

5. one large research and development project with the emphasis -
on process or pilot plant rather than on engineering science

fundamentals.

Combinations of these approaches are also taken. Table 3-1 is a summary
of the approaches taken by the respondent_schools. The numbers refer to
schools listed on the Questionneire Respondents. An underline means

double entry of the number; i.e. more than one approach were taken or it

gives the type of projects included in an approach.

3.2-3 Guidance for Projects

Three indications of the philosophy of guiding projects are .. -
the student to staff ratio, the number of formal or informal meetings, .
and the purpose of the meeting.

Student to staff ratios are displayed on Figure 3-3. The trend
seems to be to keep the ratio less than 10 to 1. This could be
because 1. the classes are less than 10,
2. we are gradually starting to use
on the projects,
3. all staif members contribute.

more than one staff member

The definition of staff used here does not include graduate assistants.
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The number of formal or informzl meztings between staff and
student are shown in histogram on Figure 3-4. Some have as many meetings
as 30, but the majority use between 5 and 15 meetings.

The meetings were predominantly used to discuss how the wvork could
be done, i.e., guidance about future work (85% of respondents) . Fifteen
per cent of the universities use the meetings for feed-back of how the
work could have been done- ‘ . : :

, Table 3-2 gives some indication of the different opportunities
of creativity offered because of the way the problem was specified.
Figure 3-5 presents the frequency distribution of these levels of creat-
ivity for design projects and for problems used in the design coursee.

3.3 Student Experience

The topics the students experienced during either a design course
or a design project and the percentage distribution for the universities

are given in Table 3-3.

Table 3-2 Indication of Several levels of Creativity
Allowed by the Method of Problem Specification.

Cegree of ' General Examples of ' Specific
Creativity Problem Specification Examples
1l " 1. no variables specified-k-?

eg. design a plént.to
make 25 t/d of a

2 5. several variables given Case Study,
4 | chpt. 2, (ref. &

eg. design a plant to L

make 25 t/d of A with x .

process.
3 - 3. limited variables given . AIChE Problems
. such as flowsheet, - ! Case Studies,
computer programs, . Chpt. 3l Ref.l
yield and kinetic data, _° | ICHE (Londen)
properties, temp. at some Prohlons.
* placesy pressures at |

2ll places ,
costs, costs equations-.

L. L. most variatles specified-
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Table 3-3 Topics the Students Experienced

UNIVERSITY REPLIZS

31

Topic Conree Project
1. Optimization 61% 75%
2. Decision Theory 61% 45%
3. Computer Programming 50% 60%
b, Rule-of-Thumb-Design 70% 70% |
Se ﬁgchanical Design 15% 35%
6. Yorking drawings / layout - 25%
7. Scale Hodel Construction 20% 25%
8. Piping leyout - 5% e 2
9. Cost estimates of ' )
alternatives 85% 75%
10. Cost evaluation of o
project 95% 90%
11. Equipment design 65%
12. Proc'eés Design 80%
1%. Use of Library 80% .
14. Report writing . 15%
TOTAL NUMBER OF 19
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3.5 Definitions - .

time allowed in calendar for lectures and ..~
laboratory periods. - This does not include™ ...
expected hours of préparation, homework. - -
assignment or hours-allotted for the project’ .-~
over and above that indicated in the calendar. -

Calendar time -

Creativity : the process of geherating better aiternatives
according to an acceptable criteria (T-1).

design examples and topics covered predomin-
antly through lectures. :

Design Course

‘;; v Design Project design topics and topics covered predominantly
" through problem workshops or laboratory exp-—
' erimentation. : |



Engineering Economics

Professional Develop-
ment Courses

Professional Develop-
" ment Core Subjects

Time allocation based
on Calendar Time

Topic allocation based

on Calendar_Time

18

capital and operating cost estimation, time
value of money, applied economic balances.

courses other. than humanities, science and
engineering science courses that can be
related to the professional activities of
a graduate engineere

includes engineering economics, project
planning and complex problem methodologyY,

equipment design, an appreciation of industiry,

use of the library, mathematical methods of
optimization, experience in creativity,
written and oral communication.

The hours spent in lectures as specified

by respondents to questionnaire. This does
not necessarily agree with the lectures '
hours stipulated in the calendare

The hours spent studying 2 given topic as

specified in or estimated from the question-

naire. This does not necessarily agree with
the course title stipulated in the calendar.

o
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