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How do you take  
newly enrolled MSc students  
who have little experience with models…  
 

…and bring them to research standard  
in an introductory modelling 
course?  



12104 Modelling of Environmental Processes and 
Technologies 
10 ECTS course 

Compulsory General Competence Course for all MSc in 
Environmental Engineering students (60-90 students).  

Typically first course taken in MSc at DTU 

The curriculum contains 5 main elements:  

• Models based on analytical solutions and programming 
• Statistics 
• Ordinary differential equations 
• Partial differential equations 
• Model parameter estimation, sensitivity and uncertainty 

analysis.  

The central element of the course is 5 assignments which are 
new every year and address current research being conducted 
at the Department.  

MATLAB, COMSOL Multiphysics, PHREEQC 

Landfill biobarriers 
(Analytical solutions) 



2016 Assignments: 2-3 weeks each, first assignment given on day 1 

Analytical solutions 
programming 

Statistics 

Ordinary differential equations 

Partial differential equations 

Model parameter estimation 
sensitivity and uncertainty analysis 

Aqueous geochemical modelling 



Example assignment 
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Selection of Assignment topics 

• Pick problems from current work  
   Time spent developing assignments is time invested in your own research. 

 
 
 

• Couple assignments to work of PhD teaching assistants  
   If they are going to teach, get them to teach on their own work 

 
 
 

• We never invest in new assignments unless we can see a potential spin-off.  



Warning: The assignments are ‘open’ problems 
Expectation management is critical 



Benefits of new assignments 

Many people look at a problem and this provides new insight 
The students are extremely good at finding deficiencies in 
problems and holes in solution approaches.  
 
The development of a new assignment forces the lecturer to 
simplify the problem sufficiently so it can be done, 
sharpening their own understanding of the problem.  
 
The use of current and new problems each year means that 
the course is ‘alive’ 
Each year is different and so staff are heavily engaged in the 
course. 

Green roofs 
(parameter estimation) 



Course → research 
and products 



Flipped learning 

1. Assignment 
2. Tutorials 

3. Lectures 

4. Readings 

Flipped learning leads to motivated students! 

Typical day: < 1hr 1-2 hrs 1 hr 



Tutorials 



What do we expect from the students? 

Aim is NOT to educate modelling experts 
 
• Inspiration 

 
• Exposure to techniques 

 
• Modelling Experience 

Leaching of antioxidants from pipes 
(Analytical solutions) 



Staffing 
• 4 Academic staff 
• 2 post-docs 
• 2 PhD students 
• 3 MSc teaching assistants 



Groups 

Group size = 4 students 
 
Assigned groups on day 1 
 
Free groups for assignments 2-5  

Formula: 
1-2 DTU students (old + young) 
1 Guest student 
1-2 International MSc students 

Aim: Integration of new students 
 
More than half keep assigned 
groups after Assignment 1 
 
Students very positive about 
group assignment process 



Exam 
1. 5 Assignment submissions 

 2. Videotaped oral exam 

Individual questions 

External examinar reviews selected videos 

Overall Evaluation  
(Exam used to check assignment grades) 



Evaluations 

A good course Workload I learned alot 

Student feedback 
The course is very interesting because the assignments have to do with real projects 
Cooll that the assignments are made new every year 
This course is great, and very challenging 
Class is very dynamic 
Group formation at the beginning 
The tempo of the course was too fast to really understand 
Getting filmed at the exam seems nerve-wracking 

 



Discussion 
Is the course cost effective? Could you get the same result with less resources? 
 
 
Teaching approach: There are many ways to teach modelling. Are we doing it right? 

   Our focus is on inspiration/experience.  
   But you could base course on fundamentals (e.g. Mass, Energy, Momentum equations) 

 
 
Grading of all those assignments. It is a big task to grade 5 open ended assignments.  

   How can it be done effectively? 
 

How we will do it: 
1. 5 minutes in a group of 3. Write down your thoughts. 
2. Swap with neighbours. 5 minutes to reflect and add to neighbours document. 
3. Discussion in plenum 
 



 



Discussion 
I am happy see that you don’t find it difficult to find topics for discussions. Especially 
because we have decided to extend the format for “presentations” a little bit and 
allocate 35 minutes for each topic. This will allow for both a presentation of the case (~ 
15 minutes) and activities involving the participants. Activities could be organized as 
individual reflections and/or discussions in groups and/or plenum– where “provocative 
questions” will be an ideal starting point.  
As an alternative to a 15 + 20 min. structure (presentation + activities), some activities 
could be imbedded in the presentation part. 
An active session host may help with facilitating discussions – however, you are very 
welcome to run it yourselfJ. 
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