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Well known drawbacks of parallel transposition

• Students may experience the mathematics teaching as 
unmotivated and difficult, which is reflected in relatively 
high failure rates for some engineering programs 

• The knowledge they acquire in the mathematics course 
may not transfer readily to engineering contexts – that is, 
students are not able to invest the knowledge acquired in 
mathematics courses when they need to do so in other 
courses of the programme



Outline

1. The parallel model for didactic transposition (done)
2. The parallel model and Mathematics 1 at DTU
3. Examples on project work  assignments (APEs)
4. How can we analyze the design of the assignments



A:
Biotechnology
Chemical Eng
Environmental Eng
Human Life Science 
Medicine&Tech
Quantitative Biology 

B:
Architectural Eng
Civil Eng
Earth and Space Phys
Mathematics&Tech
Mechanical Eng
Phys&NanoTech

C:
Artificial Intelligence
Design & Innovation
Electrical Eng
General Engineeing
Network Tech
Software 
Strategic Analysis
Sustainable Energy
Energy and Environ-
ment (Faroe Islands)

One big 20 ECTS math course for all 20 bachelor study programmes!

”Mathematics is a part of an engineers general education (bildung)”
(DTU’s Bachelor Dean)

Mathematics 1 at DTU

How can we motivate the students?



Combining two approaches to teaching

1. The ”ordinary” continuous treatment of the math subjects:
• Lectures
• Group exercises (supported by TAs)
• Homework assignments

2. The project exercises (group work, no lectures):
• Thematic exercises (illustrates math subjects just introduced)
• The ”big” 4-weeks project at the end of second semester (combines

several subjects and should give a true glimpse of research) 

Necessary conditions:
• Intensive use of CAS (Maple)
• Digital Assessment (MapleTA)



1. Intro to complex numbers
2. …continues
3. …continues 
4. …continues 

Theme 1: Complex functions
5. Linear equations 
6. Matrix-algebra 

Theme 2: Networks
7. Vector spaces
8. Linear transformations

Theme 3: Deformations
9. Function spaces
10. Eigenvalues
11. Linear diff. equations
12. Systems of diff. equations 
13. Theme 4: Diff. equations

Mathematics 1 – week by week

1. Functions of two variables
2. Taylor for several variables
3. Max/Min 

Theme 5: Optimization
4. The Riemann integral  
5. Surface integrals 
6. Volume integrals

Theme 6: Integration
7. Vector fields. Flux
8. Gauss’s Theorem
9. Big project execise
10. Big project execise
11. Big project execise
12. Project exam
13. Stokes’s Theorem

Theme 7: Forest Fire

Spring:Autumn:



The project work assignments

The form:
• 20-30 more or less challinging tasks
• 4 to 29 pages, average 11
• The mathematical model is typical given
• From more closed to more open-ended tasks

Who are the authors?:
• Mathematicians from DTU Compute
• Colleagues from other DTU departments (two types)
• Collaboration
• PhD students

The assignments are very different!



3rd of April, 2018

Permanent Halbach Magnets, Spring 2018



Permanent Halbach Magnets

How to create a concentrated homogenious magnetic field?

By Maxwell and Stokes the
mathematical model:

The text Paper



Flow of Groundwater in Vestskoven

Darcy’s law:

Author:
Ass. Prof. Peter Engesgaard
expert in the field
,



Oscillations in axle bearings systems



Anthrax – attack, escape and rescue
Authors:
Irina Borodina, DTU Biosys and 
Steen Markvorsen, DTU Compute

Involves:
• Diffusion equation
• Parametrized curves
• Integration in several variables
• Visualizations by Maple



Solar energy absorption in glass houses

Author:
Karsten Schmidt, DTU Compute

Involves:
• Elementary geometry
• Parametrized surfaces
• Vector fields and flux
• Gauss’s divergence theorem



Analyzing a
hemisphere

A group-paper on glass houses, clipses



Surfaces of revolution:

Optimization under
constraints:

A group-paper on glass houses, clipses



Using Gauss’s Divergence Theorem:

A group-paper on glass houses, clipses



Finding the optimal
angle for Copenhagen

A group-paper on glass houses, clipses



A group-paper on glass houses, clipses
The list of content:

The report:             42 p
Maple closure:      119 p
In total:                 161 p



RQ1. How could the identification and 
transposition of APEs be organised, given the 
academic and institutional separation of 
university mathematics teachers from their 
colleagues in engineering?

RQ2. What didactic variables are relevant to 
the construction of assignments based on 
APEs?

Research Questions
Karsten Schmidt and Carl Winsløw: 
Task design for Engineering Mathematics: process, principles and products, INDRUM 2018



10 didactic variables, 1-4



10 didactic variables, 5-10



Presentation of one APE-sample
Heat flow in a house – simulation and dimensioning

Model for a simple one-room-house:



Presentation of one APE-sample
Heat flow in a house – simulation and dimensioning

Didactic Variable Points
1. Breadth of Mat1 content 2
2. New math content 0
3. Use of Maple 1
4. Source of the problem 2
5. Breadth of Eng. problem 2
6. Introduction of the math model 1
7. Realism of the math model 2
8. Use of data 2
9. Need to use external resources WWW) 0

10. Satisfying answers 1



Analysis of current Mat1 projects 1/3



Analysis of current Mat1 projects 2/3



Analysis of current Mat1 projects 3/3



Preliminary conclusions

• This is not a measure for the didactic quality!
• Can be an explicit basis for discussion the aim of projects
• Tool for systematizing the design process
• Useful for investigating the effects of the project work

Work in progress:
DTU Fotonik in collaboration with DTU Compute:
Optical fibers: Propagation constant and transverse distribution
of electric fields

DTU Compute in collaboration with Greenwood Engineering and others:
Rolling resistance: Reducing the energy consumption due to rolling by 
modifying the surface texture and evenness of asphalt pavements



The parallel model for didactic transposition



Thank you for attention!


