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Abstract
For engineers it is important to be able to use the ’skill’ of for example handling novel
situations in powerful ways and to develop and design. They are expected to be able to
understand theories and models and their connection to objects and events in the physical
world and being able to apply these models and theories. Engineering knowledge starts with
the skill solving and identifying problems and leads to the skill of innovation and design.
However, in engineering education, it is easy to confuse ’skill’ and ’knowledge’. A large body
of research shows that engineering students can manage complex concepts in mathematical
calculations and obtaining correct numerical answers but are not able in many cases to
interpret the meaning of results. In the discipline of engineering it is especially important that
knowledge is used to produce something new for the society, because the problems planted
are focused in to change, improve or impact the level life.
This thesis takes engineering students understanding of electric circuit theory as a starting
point for investigation. In the first part the problems that become the motivation to start the
research conducted for this thesis will be described. Investigations into students’ difficulties
with important concepts and topics in electric circuit for engineering students will be
presented in this part. Our conclusion is that engineering students have similar problems with
more advanced circuits and concepts as those reported from studies with elementary and
secondary school students. We also can conclude that the Laplace transform is one of the

most difficult topics for learning engineering electric circuit theory.
The second part focus on the difficulties that was discovered in the studies presented in
the first part of the thesis: the difficulties the engineering students showed in their
understanding of the Laplace transform. Two studies were performed in this part, one with
university teachers and one with engineering students from three different countries. The
objective was to find the reason behind the difficulties mentioned in the first part.
In the third part of the thesis two models that was developed as a conclusion to the
studies described in the first and second part of the thesis. In this context we will introduce
the “modeling” as the way to link and connect the abstract thinking with the material aspect.
We will also introduce a model called the “Techné Pyramid” related to the engineering
education context, with three levels whose ‘bases’ is considered the first, going through an
’analysis’ level to reach the ’design’ level on the top of the pyramid. In the first level the
elements are like different “islands” of concepts, skills and knowledge. These elements are not
necessarily managed in a deep way. However, they are an important educational background
for engineering students. These “islands” of elements are not necessarily linked to each other.
In the second level, called “analysis”, the student works with the complexity and develops
links between different “islands”. Previous concepts help to understand a new complex
concept. In the third level, called “design”, knowledge and skills from the previous levels are
used for producing and designing something new.
The Techné Pyramid model will also be related to the studies of engineering students and
their teachers in the context of learning electric circuits and the application of the Laplace
transform as discussed in the first two parts of the thesis. To learn is a process and from our
analysis of our empirical data we propose that many difficulties arise because the different
’levels’ of skills and knowledge, illustrated by our pyramid model, are not understood in the
educational process. We propose that every level has a specific objective in education and this
thesis will try to explain the implications for engineering education.
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