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Abstract. The article focuses on the symbiosis be-
tween mathematics in engineering education and
problem based approaches. Traditional approaches
focus on the idea to teach first basic math and estab-
lish on this basics the theoretical subjects out of the
application area, e.g. theoretical foundation, theoret-
ical physics, mechanics, etc.

The obvious benefit is the formal foundation and the
structured development of the theory. The disad-
vantage is a delay in developing the core subject af-
ter the mathematical and physical foundations are
grounded.

In the subject of technical physics at TU Wien the ap-
proach is different. The first semester consists of
three different mathematics subjects, analysis, linear
algebra and a subject called practical mathematics.
The practical math is supplying the fourth subject
with the necessary tools for understanding the basic
concepts of physics.

This paper is introducing this concept in detail and
analyzing the possibilities to apply this approach in
engineering mathematics. The last section of the pa-
per addresses the relation to modelling and simula-
tion as a subject in STEM studies and points out the
parallel concepts and their application.

Introduction

The basic concept in including the topics and meth-
ods of mathematics in one engineering subject is in-
troduced at the HAW Hamburg since 2014, see [1].
The core idea is to provide mathematical topics and
apply them the next week in one of the subjects of
engineering. This article goes one step further, that
mathematics is split in theory and application and the
applied math course builds the foundation for engi-
neering subject.

A new approach would be to combine applied math-
ematics and a basic subject from the engineering
field in the same semester, almost parallel. Math con-
tent, which has been taught 1 or 2 weeks ago, would
be applied in the engineering subject immediately af-
ter. The benefit is that students see the application
just in time.

For lecturers a benefit is that the examination during
the semester can be less, because the correspond-
ing subject is using the methods and students need
to know them to pass this subject.

A particular example to illustrate the basic idea is the
subject physics foundation. Almost all engineering
studies have a basic physics education in the first se-
mester. These physics courses usually are taught on
a high school level, because the necessary higher
mathematics for teaching e.g. mechanics, are miss-
ing.

The splitting into applied and theoretical mathemat-
ics would result in the effect that the methods, which
are required in the physics course and the structural
theoretical mathematics, shall be given in separate
courses. Without studying the one subject it will not
be possible to understand the other subject, see [2]
as well. This interconnection will substitute the moti-
vation aspects of the mathematics. Hence, students
need to study methods and algorithms for the applied
engineering courses.

This setup decreases the overall efforts for students,
if the mathematics courses and the applied courses
are coordinated regarding their requirements. Fur-
thermore, the connection between mathematics and
the applied courses can be supported by online ex-
amples in exercises in the math course and in the
best case in the applied courses as well.
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1 Physics Studies in contrast to
Engineering Studies

First, it should be argumented, why physics is more
accessible for a different curriculum approach. This
can be shown by analyzing the content of the basic
physics course.

The covered physics topics are:
1. Mechanics of a particle

Collisions of particles

Rigid body dynamics
Kinematic reference systems
Oscillations and waves
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These headlines cover several mathematical as-
pects, like the concept of forces and potentials in (1)
and (2). Students have to deal with line integrals and
vector fields after few weeks of the start of the first
semester. For chapter (3) higher dimensional inte-
gration techniques are required and for (5) even or-
dinary and partial differential equations.

To compare to an engineering subject, e.g. electrical
engineering, the basic subject of electrodynamics is
given in the fourth semester of bachelor study. The
basic math courses are accommodated in the first
three semesters, so in the fourth semester allow to
apply the whole math package.

Disadvantage in the engineering education is the
lack of application. The three sequential math
courses are preparing the whole bunch of methods
on a stock. Nevertheless, the mathematical require-
ments are comparable to the ones in physics.

Covered topics in electrodynamic are:
1. Electromagnetic fields
Energy and impulse
Stationary and quasi stationary fields
Magnetic induction
Electromagnetic waves
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The requirements from the mathematical point of
view is comparable. For (3) and (4) vector calculus
and vector analysis is needed. The difference is, that
the physics subject is offered in the first semester,
meanwhile the electrodynamic subject is offered in
the fourth.

2 Setup Requirements and
Curriculum

For applying this approach of collaborative teaching,
some requirements are necessary:
e Flexibility in Curriculum
e Collaborative Teacher in the first semesters
e Itemized requirements for related subjects
e Perfect synchronized lectures and exercises
e Harmonized content

2.1 Traditional Curricilum Setup
Most Curriculums are going the traditional way and
form, first the mathematical basics (and basic in
physics) and continue, based on these basics, to
construct the applied engineering theory.
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Figure 1: Each Box is illustrating a subject, e.g. Math and
Physics, as a basis for a particular Engineering Sub-
ject, e.g. electrodynamics or analytic mechanics.

The strategy of building up, for an engineering sub-
ject, is illustrated in Figure 1. Mechanical and electri-
cal engineering studies are typically structured in this
traditional approach.

2.2 Integrated Curriculum Setup

Physics studies are different in this aspect. The ba-
sics in physics are concerning much more fields like
mechanics, thermodynamics, optics, electrodynam-
ics, relativity, etc. than the typical engineering stud-
ies. To wait for the math subjects to build the basics
would last too long, so the math is split in two com-
plementary subjects.

The theoretical math subjects, like analysis and lin-
ear algebra, on the one side and practical mathemat-
ics on the other.

The last subject equips the students with methods
and practices to compute different mathematical
problems and the theoretical subjects are going in
the conceptual deepness of the content.
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The resulting curriculum needs to have small granu-
larity, to equip the physics course with the mathemat-
ical methods needed. Figure 2 is illustrating this
structure of the curriculum.
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Figure 2: Each Box is illustrating a subject, e.g. Math and
Physics, as a basis for a particular Engineering Sub-
ject, e.g. electrodynamics or analytic mechanics.

Of course, the curriculum of physics studies is differ-
ent to the classical engineering studies, but the ap-
proach to split the calculus skills, from the theoretical
math knowledge provides faster math concepts for
engineering application.

Moreover, the mentioned benefits, the presented
way of interconnecting mathematical skills and phys-
ics is benefiting the whole physics education, as pre-
sented in [4]. The same aspects are addressed in the
highschool level in [5].

2.3 A demonstrative Example

A particular example in electrical engineering is the
electric flux. To understand the relation between flux
¥ and flux density D, which is the representing quan-
tity, who is measured in practical examples, one
needs vector calculus. In particular, the relation is
given by a surface integral

sv:f D - dA. (1)
A

The development of this mathematical concept is a
long one and needs in the classical setup 3 semes-
ters. If there is a practical mathematics, which is mo-
tivating the surface integral by geometrical facts and
reduces them to the computation of particular exam-
ples, the development of such a method could work
faster.

Especially in engineering subjects, mathematical
concepts are often reduced by using symmetries,

simplifications and specialisations; there is never a
situation to apply an abstract theory.

3 Learning Perspective versus
Academic Buildup

Discussing these issues about the setup of the cur-
riculum raises the argument of academic buildup. Of
course, the curricula of higher education institutions
should have a certain buildup, but the proposed
setup would split this buildup just in two tracks: Skills
and deductive math. The skills equip the students
earlier in to be able to understand engineering appli-
cations and the deductive math path is illustrating the
power of an abstract approach and illustrates the
benefit of such access. Additionally, the previous
learned skills can make the step to the abstract de-
ductive approach much easier.

Apart from the academic discussion, several applied
fields of STEM studies are applying a similar con-
cept. One famous field is robotics. Robotics is start-
ing in a simple setup, understandable in a geometri-
cally way by almost all people of the society. More in
detail, the robotics field is much more physics and
math related, than it looks like in the beginning. In [3]
is presented the idea of practical robot education.
This approach is following some ideas presented in
this paper, which is well accepted in the scientific set-
ting.

4 Modelling and Simulation

Asimilar setup is given in the interdisciplinary subject
of modelling and simulation. That subject is in the
methodological layer influenced by mathematic
knowledge and in the application layer by physics
and engineering.

The related teaching approach is closely related to
the situation faced in a modelling and simulation lec-
ture. Students need to apply the math basics in a par-
ticular application field. Even in this setup computer
simulations are used to help students get familiar
with the application field and gather experiences in
modelling.
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4.1 Matheamtical Modelling

Addressing mathematical modelling is a similar sce-
nario to the basic subject physics and engineering.
Students need to study basic analysis and calculus,
advanced linear algebra, numeric and computer nu-
meric, differential equations, dynamic systems and
partial differential equations before starting with mod-
elling and simulation subjects. Normally this requires
at least 5 semester of bachelor studies in mathemat-
ics. To attract students earlier to modelling and sim-
ulation, in the traditional way, is problematic. One ap-
proach to succeed in it would be the earlier introduc-
tion of calculus and physical modelling.

4.2 Numerical Simulation

Numerical Simulation requires more than solely
mathematical skills. In several simulation environ-
ments are required programming skills.

A simple use case is the implementation of a partic-
ular mathematical model in MATLAB. Numerical
mathematics meets programming on a higher level
to implement a model, which is given by a mathemat-
ical environment, e.g. differential equation, differen-
tial-algebraic equations, automata, etc.

A problem-based teaching approach in this field can
lead to developing the necessary mathematical con-
cepts for the specific example. Developing the corre-
sponding skills in solving math and implementing the
related simulation model would generate a com-
pleted knowledge in this area.

5 Conclusion and Outlook

The paper presented a new approach on how to de-
sign the math education in engineering subjects. The
motivation of this approach is the curriculum of tech-
nical physics at TU Wien.

The proposed structure of a linked course system
would benefit from the progress in the linked subjects
and is not relying on the topics presented in the own
course. There are several advantages and disad-
vantages.

One advantage is obvious, the evolution in methods
and technigues in the math courses, that can be ap-
plied in the technical course immediately. Students

could have more insight, why to study math and what
will they benefit from a stable math education in the
field of STEM subjects.

One major disadvantage is, that if there is any seri-
ous problem in the math course to understand par-
ticular methods or techniques, students may have
also troubles in the applied subject. Being that math
is considered as one of the difficult subjects, it should
be investigated in a survey over one semester.

Other problems can cause the requirement of timed
and synchronized course progress. If one subject is
delayed, due to holidays or canceled lectures, the
other subjects are suffering from this.

In the last section, the concept was extended to the
subject of modelling and simulation. Several similar
requirements can be applied in this field of interest
and the ideas of teaching an integrated subject of a
smaller field, can lead to an earlier access to the field
of (mathematical) modelling and simulation.

Further work will concern some survey on the suc-
cess of the students in technical physics at TU Wien.
Moreover, in a subject of mathematical modelling in
system simulation, the problem based approach will
be applied to the exercises part of the course.
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