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THERE IS A GRAVE need to modernize chemical 
engineering education within universities. This 

contribution presents the current problems and 
describes the proposed plan of the Queensland de­
partment to implement a scheme for resource­
based education in chemical engineering. The 
financial cost over the period 1984-1989 is esti­
mated to be as high as half a million dollars. Ad­
ditional efforts of dedication and self-sacrifice by 
staff are necessary but cannot be quantified. 

THE PROBLEM 

The traditional mode of instruction in chemi­
cal engineering over the past forty years has 
mainly been lectures supplemented by some prob-
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lem and laboratory classes, and yet outside the 
university a major information revolution has 
taken place. In the light of these changes the time 
is prudent to evaluate whether better use of new 
resources can alleviate the problems that are per­
ceived by this department. These problems are 
touched on in the following paragraphs. 

Content. The content of the degree course is 
expanding in response to rapid growth in both the 
breadth and depth of engineering knowledge. The 
rapidly expanding base of engineering knowledge 
tends to submerge and confuse students' under­
standing of fundamental principles. 

Structural Changes. The graduate in industry 
has at his command a vast resource of information 
in databases and computer software packages. He 
is no longer expected to carry out routine engineer­
ing calculations but, rather, has to select the 
correct computer package and critically evaluate 
the results. To perform these tasks a student 
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FIGURE 1. 

should be thoroughly grounded in fundamentals 
and exposed to various software packages. 

Laboratory. Much of the laboratory equipment 
and many experiments in the Queensland Depart­
ment of Chemical Engineering are becoming ob­
solete. As a result, some of the skills students are 
being taught are increasingly irrelevant in a 
modern industrial environment. Indeed, in many 
areas industrial practice is far in advance of our 
laboratory experiments. 

Student/ Staff Ratio. The increasing student/ 
staff ratio means less feedback to students in 
terms of comments on tutorial problems and 
practical reports. We need to promote more inter­
active teaching practices and more efficient use of 
student-staff contact time, i.e. more opportunity 
for individual contact and discussion and fewer 
formal "one-way" lectures. 

Literacy. In the age of electronic media, in­
coming students are less inclined and less able to 
extract information efficiently from books. While 
we may decry this trend, we must nevertheless 
adapt to it. Course notes, directed reading, and 
information databases are some possible aids in 
this area. 

Motivation. The changing social environment 
and the secondary school environment are no long­
er producing students who are "automatically" 
motivated. We need to introduce instructional 
techniques to instill motivation as well as concepts 
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and knowledge. Course and subject objectives and 
the increased use of interactive media and personal 
contact will assist. 

A SOLUTION: RESOURCE-BASED EDUCATION 

To meet the challenge of educating chemical 
engineers for the 1990s, a fundamental evaluation 
of the curriculum and the mode of instruction is 
being carried out in the department. It is recog­
nized that the traditional mode of instruction needs 
to be reviewed, together with curriculum re-evalu­
ation. 

After much discussion in the department 
during 1983, a plan has evolved to change the 
mode of instruction towards a resource-based and 
partly self-paced learning environment. 

The plan is to implement the new mode pro­
gressively from 1985, after a detailed curriculum 
re-evaluation and writing of aims and objectives 
for the course and individual subjects has been 
carried out. Fig. 1 shows the current planning 
diagram for the project. The main features of the 
new scheme are described in the following para­
graphs. 

1. Reducing the total number of lectures 
given in the course and reserving the remaining 
lectures to concentrate on fundamental principles. 
Currently there are a large number of lectures 
and students are often unable to discriminate be-
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tween fundamental principles and the vast amount 
of factual material presented. 

2. Setting up self-paced laboratories, with 
long opening hours attended by academic staff. The 
laboratories will be refurbished to modern engi­
neering standards and experiments will be de­
signed to meet specific objectives. Written or video 
tape aids will be available to assist students in 
carrying out experiments. The objectives of these 
experiments may be (i) teaching of experimental 
design, (ii) demonstration of difficult to under­
stand concepts, and (iii) simulation of experiments 
carried out in industry. Currently, students are 
required to carry out specific experiments at 
scheduled classes. In a class-like atmosphere with 
many students working at one time, staff-student 
contact often takes the form of staff advising 
students what to do rather than discussion of the 
results and underlying precepts. By providing 
better guidance on how experiments should be 
conducted, more time will be available for discus­
sion of results. The quality of staff-student con­
tact will improve. 

3. Setting up a laboratory of demonstration 
experiments. They will be very simple and easy 
to operate experiments for illustrating basic 
principles and a variety of observed phenomena. 
Many will be transportable to lecture or tutorial 
and all will be accessible to students whenever 
they wish. The ability to observe phenomena in 
the laboratory without the usual long preparation, 
procedures, and reporting and being able to choose 
their own time and pace should provide students 
with motivation and a valuable complement to 
other resources. 

4. Setting up a self-paced computer-aided 
learning (CAL) laboratory with long opening 
hours attended by academic staff. Only material 
specifically suited for CAL will be taught in this 
mode. Some CAL courseware will be prepared by 
our own staff and where possible some will be pur­
chased. To significantly reduce the time required 
for preparation of CAL lessons, the lesson will 
be prepared with the understanding that a tutor 
will be available nearby to provide assistance to 
students. The staff member will be in attendance 
during opening hours to discuss problems with 
students providing effective personal contact. Cur-
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rently a student is taught through lectures, often 
at a pace not appropriate to him and at a time 
when he may not be receptive, and with little or 
no opportunity for review. 

5. Making available a comprehensive range 
of chemical engineering software packages, physi­
cal and chemical properties data package, com­
puter-aided design packages, etc. We are in the 
process of building up such a library of packages. 
Students will be exposed to resources comparable 
to those available in industry. They will be trained 
in the use of computer databases for access to 
reference knowledge and in critical evaluation of 
computer results in a manner required of them as 
practicing engineers in industry. 

6. Making available audio-visual reference 
material. Much industrial training is presented 
today with the aid of professional audio-visual 
aids. Some of these quality aids are also ideal 
university teaching aids and an attempt will be 
made to obtain such materials wherever possible. 
Audio-visual materials, particularly video-tapes, 
offer the opportunity of bringing the industrial 
environment to the student when the student re­
quires this information. Presently the student re­
ceives this information only from field trips or 
printed media, the timing of which may not coin­
cide with the need for such knowledge. 

CURRICULUM REVISION 

In redesigning a course, as opposed to starting 
from nothing, there are certain pragmatic con­
straints. In the present case, the department 
controls only the second to fourth years of the 
course. This period has been divided into: 

• Background science subjects whose content is general­
ly determined by many votes. 

• Core chemical engineering subjects which define the 
basic graduate requirements. 

• Elective subjects which will be used to enable the 
student to gain some breadth and also some depth 
in a particular specialist area. 

The elective specialist areas are mainly de­
termined by the expertise of the staff. The other 
elective subjects are a "smorgasbord" of subjects 
offered within and outside the department. The 
current review is of the core chemical engineering 
curriculum. 
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Course Aims. The development of aims for the 
core course is following the traditional systems 
approach by starting with a small number of 
general aims for the graduate: 

• Given the task of making a product from given raw 
materials with the maximum economic return, the 
graduate should be able to synthesize a suitable inte­
grated set of unit operations (ability to synthesize 
an integrated process). 

• Given the task of designing or analyzing a unit 
operation or process, the graduate should be able 
to formulate a model in terms of the basic mechan­
isms involved (fluid mechanics, thermodynamics, 
heat transfer, mass transfer, reaction kinetics) and 
to solve the resulting equations to determine con­
ditions for optimum performance or performance for 
given conditions (ability to design or analyze parts 
of a process). 

• Given a process plant and a set of environmental 
constraints, the graduate should be able to determine 
the optimum conditions for operating the process and 
to design a measurement and control system and/ or 
operating strategies to maintain the process at the 
optimum conditions despite disturbances (ability 
to operate a process). 

• Given a task to perform and sufficient resources, the 
graduate should be able to plan and organize the re­
sources to complete the task in minimum time 
(ability to perform) . 

• Given a message to communicate, the graduate 
should have the written and oral skills to effectively 
communicate with those above, at, or below his / her 
level of responsibility and/ or expertise. 

These global aims have been hierarchically de­
composed into about 80 more specific aims. 

The next stage was to assign some weighting 
or importance to each aim. The professional engi­
neering institutions have certain requirements in 
this regard. Therefore the aims were grouped ac­
cording to their guidelines which defined some 
group weightings. Individual aims were then 
weighted within these groups by staff consensus. 

The aims were then reordered into six groups 
(two semesters each of three years) taking into 
account the fact that many are prerequisite for 
others, the available contact hours (which varies 
somewhat by semester), and the natural grouping 
by content. This defined subjects each with 2 to 5 
aims and a weighting which could be converted 
into a credit point figure. 

Subject Objectives. There is a large literature 
on objectives and on their preparation, typified by 
texts such as Rowntree [4] and Briggs [1]. They are 
generally prepared by hierarchical decomposition 
and then ordered and represented as flowcharts, 
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network diagrams, logic diagrams, etc. Himmel­
blau [2] has done this very nicely and this text is 
used as the basis of an introductory second year 
subject. 

In the present project, academic staff will be 
given half-years off their normal duties to prepare 
objectives and then instructional material for 
subjects in their area of expertise or knowledge. 
Eventually each of the core chemical engineering 
subjects will be defined by a set of objectives re­
lating back to the course aims. 

It is hoped that such detailed subject specifica­
tions will avoid the overlap and gap problems 
which usually develop in courses over the years. It 
is also more likely to succeed in core subjects 
where knowledge is not at the forefront of research 
and is reasonably static. 

Teaching Strategies. The core section of the 
course will be resource-based and will combine 
the strategies of guided discovery and of conver-

After much discussion in the 
department during 1983, a plan has evolved 
to change the mode of instruction towards a 

resource-based and partly self-paced 
learning environment 

sational learning as defined by Pask and Lewis 
[3]. 

Both these strategies consider the student to 
be a problem solver and consider knowledge to 
be an elaborate structure or network of concepts. 
The extent of the structure or network will be 
defined by the subject objectives. 

The guided-discovery strategy has the teacher 
defining the knowledge structure and dividing it 
to set the students a series of sub-goals which they 
explore using resources and problems supplied by 
the teacher. For example, the teacher may define 
a sub-goal by a lecture and supply a study guide, 
laboratory experiment, and problem sheets as re­
sources and then assess progress individually in 
tutorials and by a test. Using this strategy, a 
typical subject might be divided into six two­
week modules, each started with a lecture and 
followed by two tutorials and a test. 

The conversational-learning strategy has the 
teacher defining the knowledge structure, but al­
lowing the student much more freedom. The 
student decides upon the order in which material 
is covered and is free to use supplied resources and 

Continued on page 50. 
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RESOURCE-BASED EDUCATION 
Continued from page 39. 

to find others. The teacher acts as a resource and 
an adviser while retaining some assessing and 
monitoring roles. This str ategy is generally used 
for design projects, and can be used to extend the 
more gifted students. 

CONCLUSIONS 

Successfully carrying out this major program 
of modernization will require 

• A commitment by the departmental staff to the new 
concept 

• The willingness of departmental staff to make short­
term sacrifices 

• The diversion of financial resources to fund the 
scheme. 

Discussion within the department during 1983 
has resulted in enthusiastic support from the staff 
and a commitment by the staff to the concept. As 
part of the plan each staff member will be relieved 
in turn of normal duties to be retrained in CAL 
and video techniques and to prepare new resources. 
The total financial resources required, including 
cost for staff retraining, is estimated to be in excess 
of half a million dollars. 

While each element in the proposed mode of 
operation is not novel, the implementation of the 
integrated package on a departmental basis in 
chemical engineering is both new and challeng­
ing. This is the beginning. D 
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SPATIAL AVERAGING THEOREM 
Continued from page 21. 

integrals in Eq. 14 in terms of area integrals ac­
cording to 
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dVr = - lls~•~a dAr 

dV11 = + lls~•Da dA11 

( 1 Sa) 

( l Sb) 

There is a minor problem in the use of these 
relations at the contact point between the surface 
of the averaging volume and the (3-a- interface. 
As indicated in Fig. 4 the error is on the order of 
Pas2 where P is the length of the contact line be­
tween the surface of the averaging volume and 
the (3-a- interface. Use of Eq. 15 in Eq. 12 along 
with the estimate of the error 

leads to 

= 1 im 
lls+O 

lcAM!·,, dAII 

AII(s,t) 

( 16) 

+ /,,,,,.,, ••1 + 11,,,,,'1 

A1(s,t) 

Lis 

( 17) 

Since As and 'A are independent of position, they 
can be removed from the integrals and in the 
limit as As• O we obtain 

i- / ,A dV • !· 

v
13
(s,t) 

Here we have used 

( 18) 

A13e(s,t) = lim (A1(s,t) + Au(s,t)] (19) 
lls+O 

and expressing the derivative with respect to s 
in the form 

_L = >..•V 
ds - -

quite obviously leads to 

y ! 'A dV. l ,,,. dA 

f3 ( t) Af3e ( t) 

(20) 

(21 ) 

since 'A is arbitrary. This is Eq. 7 of Slattery's 
derivation [15] and in terms of the nomenclature 
indicated in Eq. 3 we obtain 
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