Glaobal J. of Engng. Educ., Vol.5, No.1
Publishedin Australia

© 2001 UICEE

How Can Mathematics Support a Degper Learning
Approach in Applied Engineering Subjects?

Claes Niklasson
Chalmers University of Technology, S41296 Gdéteborg, Sweden
Said Irandoust
University College of Bords, S-50190 Boras, Sweden

The mathematics that istaught at engineering universities in Sweden and other countries has been
about the samefor avery long time. With the shift towards agreater use of mathematical numerical
toolsin many engineering subjects, the content and manner of teaching in mathematics have been
undergoing profound changes. Since mathematics is often taught early in a curriculum, it is of
interest to investigate how the students’ learning of mathematicswill affect their learning in applied
engineering subjects. The paper discusses how changes in mathematics education influence the
way of teaching and learning for the engineering subjects. Furthermore, some thoughtsare provided
on how the changed mathematical knowledge and skills amongst the students might affect particu-
lar engineering subjects, such as chemical reaction engineering and bioprocess engineering, impor-

tant subj ects within the bioengineering programme.

INTRODUCTION TO CHALMERS

Chalmers University of Technology in Goteborgisa
technical university onthe west coast of Swedenwith
5,100 (26% women) Masters students, 1,800 (19%
women) Bachelor students and 1,130 PhD students
(23% women) and about 2,300 employees.

Each year, around 250 PhD and Licentiate degrees
are awarded as well as 850 MScEng and MArch
degrees. Around 40% of Sweden’s graduate engineers
and architects have been educated at Chalmers.
Chalmers' turnover isapproximately SEK 1.7 billion
per year, more than two-thirds of which isrelated to
research. The separate schools involve, for example,
mechanical, computer, electrical, civil and chemical
engineering, engineering physicsand architecture.

At Chalmersthere are dso 10 different Master of
Science programmes, which require 4.5 years (180

*A revised and expanded version of a keynote address
presented at the 3" UICEE Annual Conference on Engi-
neering Education, held at the University of Tasmania,
Hobart, Australia, from 9to 12 February 2000. This paper
was awarded the UI CEE gold award (joint third grade with
two other papers) by popular vote of Conference partici-
pants for the most significant contribution to the field of
engineering education.
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credits) for an M Sc degree. The schools have differ-
ent curriculum for their education but some coher-
ence can be seen from their individual curricula
Usualy (and this does change) the first three years
consist of compulsory courses and the last 1.5 years
comprise elective courses and a diplomawork (half-
year). In the first year, mathematics and natural
sciences dominate the course selection. The second
year is more applied, but still with a great deal of
mathematics and computer science. In the third year,
the applied engineering courses dominate and very
little mathematicsistaught.

MATHEMATICS

The mathematicsthat has been taught for many years
isgenerdly traditional, with the main focuson andytical
solutionsto simplified problems, in many universities
around Sweden and other parts of the world. Applied
courses and their problem-solving training are then of
course adapted to the students’ abilities gained in
mathematics. The use of computers in mathematics
does not match the needs as a whole. Computer use
and programming are usually covered by special
courses such asthose on programming and within the
subject numerical analysis.
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L ong-term Project

Currently, thereis along-term project going on to
change theway the mathematicsistaught (and learned)
and applied in the coming applied engineering subjects
in the second, third and fourth years of the Masters
programme. This learning project, which is strongly
supported by Chalmers University of Technology (and
it should be noted, the students), presently concerns
two separate educations titled Chemica Engineering
with Physicsand Bioengineering. The annual number
of students taken for these courses is 35 and 70
respectively. This is a suitable small group for a
devel opment project of thiskind.

Since the great success has so far been realised, a
broadening of the project isat hand. In autumn 2001,
the students in the chemical engineering programme
(about 100 in the first year) will also attend the new
mathematical programme. This means that a total of
200 studentswill actually start acompletely new math-
ematical education in their first and second year at
the school of chemical engineering in their Masters
programme.

Inthispaper, theimplicationsof thischangein math-
ematics teaching on applied subjects for the educa
tion in bioengineering are discussed, including their
obvious advantages and possible drawbacks.

BIOENGINEERING EDUCATION

Thebiotechnology educationisanew education, which
started in 1996 with 35 studentstaken in annually (70
in 2000). The number of applicantsfor thiseducation
has so far been very high: about six to 10 studentsfor
every position. In other words, it is the top students
that will start this education and this imposes many
reguirementsfor agood and well-planned curriculum.
In 2000, the first students from this course graduated
and applied for positionsin industry, research centres
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and universities (so far mainly in universities). The
related curriculum is shown in Figure 1. For the last
year, anumber of directionsare possible such asmedi-
cal and molecular biology, food science, forest and
environmental science and the more traditional
bioprocess engineering sciences. New directions in
thefield of biophysics, bioinformaticsand biomechanics
are under development presently.
The primary goals for these students are to:

Identify, solve and interpret biotechnological

problems.

e Carry out and analyse advanced experimental
investigations.

e Designand monitor biotechnological processes.

 Manage both engineering language and the

language of biology.

The means for achieving these goals arein:

*  Trainingin problem-solving and computer skills.

»  Good knowledge of biochemistry, physical chem-
istry, and molecular biology.

e Chemical engineering competence.

«  Sufficient insightsinto biology, organic chemistry
and inorganic chemistry.

»  Anopen and creative academic environment.

MATHEMATICSLEARNING APPROACH

Virtua reality and computer-based simulations bring
new and useful tools to science and technology. New
systems' configurations and products can be designed
and developed and in the later stage tested through
computer simulations. This testing can be performed
on time scales, and at costs, which are of a smaller
maghitude than using the traditional technique, for
example, extensive lab-work, rules of thumb and
direct calculations by hand.

Electible
courses
Diploma
work
3 4 5

Year

Figure 1: Chalmers Masters programme in Bioengineering (180 credits).
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In the sciences of, for example, bioengineering,
environmental- and chemical engineering design and
chemical reaction engineering, microbiology and meta-
bolic flux analysis economy and medicine, computa-
tional modelling can be applied with great successand
asowiththeaim of getting agreater fundamental and
deeper understanding of the phenomenainvolved.

Compurtational mechanics, physics, fluid dynamics,
electromagnetics, chemistry and biology are all
subjectsthat involve the solving of systems of differ-
ential equations by using computers. Nowadays,
reactor analysis can be considered to be at the heart
of a process design procedure. But in the future, the
heart of process design might be moved into the new
fields of new simulation techniques such as Computa-
tiona Mathematica Modelling (CMM) and Computer
Aided Design (CAD).

At present, the need to modernise engineering
educationisvery challenging. The new toolsof calcu-
lation, especially CMM/CAD, will bevery interesting
in this context. This technology can be used to build
bridges between subjects, schools and courses previ-
ously considered to be separate. The form aswell as
the content, from basic to graduate level, should be
changed with thisin mind.

Theway that mathematicsisintroduced and taught
(learned) isafoundation of the applied sciencesin al
schools and at all levels, since engineering and sci-
ence arelargely based on mathematical modelling. The
quality and level of mathematical learning determine
the status of the total education. Modelling in the
engineering subjectsand education has changed towards
the use and devel opment of computers. Anintegrated
education is therefore necessary for a successful
engineering education. Thisintegrationis planned and
discussed in many technical universities at present.
The variance and spectrum of how much and what
should be changed differ, according to whether one
asks mathematicians or computer scientists.

Engineering subjects often consider today’s tradi-
tional mathematicsto be of little use. Problem formu-
lation and solution in these subjects hastherefore been
limited to analytical solutions. Thetopic (and solving)
of differential equationsiskept at an elementary level
for this reason. Careful selection of problems and
instructions is the reason for this procedure in math-
ematics education. The reduction in mathematics
education in some schools at Chalmers can be under-
stood from this fact. Mathematics is indeed difficult
and hard to penetrate in auseful way, but in the age of
computersthisisnot agood trend for mathematicsall
over theworld. The USA, especially, has somedevel-
opment of new mathematics and its part in the
curriculum has taken place.

The project at Chalmers deals with a synthesis of
mathematics, computation and the handling of differ-
ential equationsintheform of ageneral computational
methodology. This project is deeper and goes further
into non-linear systems already in the first half year
(compared to the previous curriculum). The pro-
gramme involves amore constructive education with
active student participation and feedback communi-
cation between student and teacher. Including of
realistic and applied examples hel ps and motivatesin
this context.

After the new preparation, students actually
penetrate deeper into problem solving and interpreta-
tion with fewer instructions and |ess teacher interac-
tion and guidance. The programme can be seen as a
synthesis between the computer and mathematicswith
the aim of coming as close as possible to reality and
its complexity. Thiswill lead to anew basisfor inter-
action with all engineering coursesin the second and
third yearsfor the programmesin Bioengineering and
Chemical Engineering with Physics. Thisisnecessary
in order to fully utilise this new type of knowledge
that the students have learned.

STUDENT INTERACTION

Every week, the students and teacher meet in four-
hour lectures (traditional) and in exercises of four to
six hoursin tutorial groups (eight students) including
problem-solving, projects, and case studies with
written and oral presentations. Two teachers|ead these
exercises. one more experienced and one PhD
student. Senior students have been used with great
success in autumn 2000.

These exercise classes also givesthe students more
time to reflect and solve problems and also interpret
theresults early in their mathematical training. More
applied examples are brought into the education at an
early stage. Material for the first courses have been
developed in acompendium (to be published in tradi-
tional book format in the near future) [1]. However,
the book by Eriksson and co-workersis also used in
thislearning strategy [2].

The applied mathematics is taught parallel to
computer sciences, which means that problems are
sometimes solved by the writing and use of individu-
aly student-made computer programsand subroutines.
While MatL ab is the computer program utilised, the
students do not use the toolboxes available in this
program. As part of their mathematical training
they construct their own subprograms for this
purpose. This is important because otherwise the
pedagogic effect would be weaker and less con-
structive.
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TEACHINGFACILITIES

Autumn 2000 saw some new teaching facilitiesintro-
duced for the new engineering mathematics. The
studios (see Figures 2 and 3) are a combination of
traditional computer rooms with the possibility of
lectures, demonstrations and student active learning.

The number of studios is presently two but the
school of chemical engineering isplanning to expand
these facilities further. In one studio, there are 24
computers and 48 students seats. Actualy, only the
screens and the keyboards are physically in the
studios since the computers are in another room for
safety and for avoiding adverse heating problems for
students and computers.

ENGINEERING COURSES

The applied compulsory and voluntary engineering
coursesinthe 2™, 3 and 4™ year of the Bioengineer-
ing curriculum arefor example:

e Transport phenomena

»  Chemical reaction engineering
» Bioprocessengineering

*  Chemical engineering design

*  Experimental planning and evaluation
*  Mathematical modelling in chemical engineering
*  Metabolicmodelling

As two examples of what can be achieved in these
courses as a consequence of this new mathematics
knowledge, Bioprocess Engineering and Chemical
Reaction Engineering are discussed further.

Chemical Reaction Engineering

The teaching in Chemical Reaction Engineering has
so far included laboratory exercises with seminars,
lectures and calculation classes. The examinations
have been traditional (problems requiring analytical
solutions) for anumber of years. Thislimitation in prob-
lem formulation has been a great disadvantage when
trying to make the students approach the subject in a
deeper and more fundamental way. The new prepa
ration makes the subject more concentrated on
discussing the phenomenainvolved in amore quanti-
tative and basic manner. It isalso possible to add new
areas within the subject such as multiphase flow in
different reactor configuration.

Through the use of computers (the students are
now used to applying computer science and mathemat-
icsfor applied subjects) the teaching situation isgradu-
aly changing from devel oping analytical solutionsby
dribble with mathematicsto discussion of the problem
formulation, solution and result interpretation.

The opportunity for improving student interaction
inateaching situationismorelikeaforthcoming work
situation where the answers are not always given in
exact two digits. Thisemphasisesabasic understanding
of the subjects. The chance to use computer simula:
tion for understanding chemical engineering phenom-

Figure 3. Overhead plan of the new studios for the teaching of engineering mathematics.
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enaand to examine the sensitivity and probability of a
solution will further strengthen the goals. Parameter
sensitivity, model building, prediction and discrimina:
tion are other subjects that can be penetrated deeper
inthesesimulations.

BioprocessEngineering
The Bioprocess Engineering course involves the

subjects’ material and energy balances, reactor analy-
sis mass, transfer and scale up of biological produc-
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tion systems. The course consists of quite traditional
lecturesand calculation classes, alarge part being the
laboratory-training course. The lab consists of the
start-up (batch) and running of a continuous reactor
(chemostat). This lab lasts for two weeks for each
group, which means that the students are occupied
for this period.

The applied mathematics in this course has so far
involved anumber of cal culationswhere the solution
has been suited for analytical solution with very little
discussion and interpretation of the results. With this
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Figure 4: Display of glucose metabolism - metabolic flux analysis (S.cerevisiag).
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new background for the studentsin applied mathematics
and computer science, the teaching can directly pass
to interpretation of bioreactor analysis and design
results.

In this subject it is important to understand the
fundamental cell-metabolism, how it works and what
controlsit. For thispurpose, therearefairly new tools
for mathematical handling of metabolicflowsincells,
so called Metabolic Flux Analysis (MFA) and Meta
balic Control Analysis(MCA). Further detail s of these
techniques can be found in Ref. [3]. One example of
how the metabolic fluxes can be described in
Scerevisiaeis given in Figure 4.

By use of these mathematical tools, amore funda-
mental understanding of the cell-metabolism can be
achieved. This basic understanding of cell metabo-
lism has so far only been demonstrated by teacher
guidance and on computer screens. Now the student
can actually work (learning by doing wrong) and will
then also experience the great advantage of using
modern technology on biological systems.

So far the mathematical handling of biological
systems have been limited by the complexity of the
systems but with this new mathematical education the
new mathematical and numerical toolscan beusedin
amorethorough way directly in thelearning situation.
Bioinformatics, which isthe systematic handling and
interpretation of large amount of biological informa-
tion, isasubject that will need and gain on thischange
in mathematics education. A Masters programme in
Bioinformatics at Chalmers beganin 2000 [4].

These two courses are only some of the examples
of how different courses will benefit and gain new
and interesting knowledge for the students by thisnew
mathematics. In the near future, there will probably
be many new examplesin the engineering field.

Presently, the School s of Mathematicsand Chemi-
cal Engineering are planning new pedagogic projects
where the new knowledge of use of mathematics in
the engineering subj ects can actually further improve
the mathematics in the first years. In this way, the
mathematics can benefit from feedback from the
experiences found in the engineering subjects.

EVALUATION

The examsin mathemati cs are acombination of hand-
in problems, project performance and presentations
(oral and written), as well as the final written exam.
The changein educationsin mathematicsis presently
evaluated by a number of mathematicians and peda
gogic experts. Pedagogues and engineering teachers
will later further evaluate the implication on the engi-
neering subjects.
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The Global Journal of Engineering Education

The UICEE s Global Journal of Engineering Education (GJEE) was launched by the
Director-General of UNESCO, Dr Frederico Mayor at the April meeting of the UNESCO
International Committee on Engineering Education (ICEE), held at UNESCO headquarters
in Paris, France, in 1997.

The GJEE is set to become a benchmark for journals of engineering education. It is edited
by the UICEE Director, Prof. Zenon J. Pudlowski, and has an impressive advisory board,
comprising close to 30 distinguished academics from around the world.

The Journal is a further step in the Centre s quest to fulfil its commission of human
resources development within engineering through engineering education, in this instance,
by providing both a global forum for debate on, and research and development into, issues
of importance to engineering education, and a vehicle for the global transfer of such
discourse.

In the first four years of the Journal s existence, 181 papers over 1,322 pages have been
published, including award-winning papers from UICEE conferences held around the
world. Papers have tackled issues of multimedia in engineering education, international
collaboration, women in engineering education, curriculum development, the future of
engineering education, the World Wide Web and the value of international experience, to
name just a few. Other examples include: Vol.3, No.1 was a special issue dedicated to
papers by members of the UNESCO International Committee on Engineering Education on
quality issues in engineering education; Vol.3, No.3 focused on papers given at the 1%
Conference on Life-Long Learning for Engineers, Vol.4, No.2 centred on the German
Network of Engineering Education and was published in the German language; while
Vol.4, No.3 centred on the achievements of the recent 2™ Global Congress on Engineering
Education.

The GJEE is available to members of the UICEE at an individual member rate of $A100
p.a., or to libraries at a rate of $A200 p.a. (nominally two issues per year, although each
volume has included an extra, complementary issue). For further details, contact the UICEE
at: UICEE, Faculty of Engineering Monash University, Clayton, Victoria 3800, Australia.
Tel: +61 3 990-54977 Fax: +61 3 990-51547, or visit the UICEE Website at:
http://www.eng.monash.edu.au/uicee




