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Name of module Number of module

Advanced Topics in Neuroscience 09LE03MO-NA-2021

course

Advanced Topics in Neuroscience

Event type Number

seminar 09LE03S-NA-T1

Faculty

Fakultät für Biologie

ECTS-Points 3.0

Hours of week 3.0

Recommended semester 2

Frequency only in the summer term

Pflicht/Wahlpflicht (P/WP) compulsory

Language english

Workload 90 h

Content

Recent research findings in neuroscience including current neuroscience research taking place at the Uni-
versity of Freiburg. The module takes places twice per week. On one appointment, students present recent
research findings from the neuroscientific literature while on the other appointment neuroscientists from
Freiburg present their own research.

Qualification

The student
■ can summarize several recent research findings in neuroscience including current neuroscientific rese-
arch taking place at the University of Freiburg.

■ has the competence to extract the important findings from a research publication and present them in a
meaningful and well-structured scientific presentation in English

Examination achievement

none

Course achievement

■ Regular participation
■ Presentation of a neuroscience research topic (30 min plus discussion)

Compulsory requirement
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Module 4: Elective Subjects



Name of module Number of module

Elective Subjects (Focus Area 1: Neural Circuits and Behavior) 09LE03MO-NE-1-2021

Elective Subjects (Focus Area 2: Computational Neuroscience) 09LE03MO-NE-2-2021

Elective Subjects (Focus Area 3: Neurotechnology) 09LE03MO-NE-3-2021

Responsible

Neural Circuits and Behavior: Prof. llka Diester, Prof. Andrew Straw (Faculty of Biology)

Computational Neuroscience: Prof. Stefan Rotter (Faculty of Biology)

Neurotechnology: Prof. Thomas Stieglitz (Faculty of Engineering)

ECTS-Points 27

Recommended semester 2

Pflicht/Wahlpflicht (P/WP) Core elective

Workload 750 h

Frequency Only in the summer term

Compulsory requirement

None

Content

For the “Elective Subjects” the student chooses one focus area from the following list:

 Neural Circuits and Behavior (coordinators: Prof. Diester, Prof. Straw)

 Computational Neuroscience (coordinator: Prof. Rotter)

 Neurotechnology (coordinator: Prof. Stieglitz)

Each focus area consists of mandatory and elective (i.e. optional) modules. The student must

choose a sufficient number of elective modules such that mandatory and elective modules to-

gether are worth at least 27 ECTS. For further questions regarding the focus areas, please con-

tact the coordinator of the focus area, the program coordinator Dr. Ahrens or Prof. Mehring.

Qualification

 The students have acquired in-depth knowledge in a research area of the neurosciences

which each student chooses individually from the following available areas:

(1) Neural Circuits and Behavior

(2) Computational Neuroscience

(3) Neurotechnology.

 The students are able to critically evaluate and discuss important findings and scientific pub-

lications from the chosen area

 The students can apply area specific experimental and/or theoretical research methods

Examination achievement (Prüfungsleistung, PL)

Each focus area has two graded assessments (“Prüfungsleistung”, PL). The type and scope of the

assessments are defined in the module descriptions and are announced to the students at the

beginning of each course. To do a PL, it may be required to successfully complete coursework in

advance, e.g. you may need to successfully complete some exercises during the course before

you can do an exam.

Course achievement (Studienleistung, SL)

Specific criteria that need to be met to pass a “Studienleistung” are explained in the module de-

scription and announced by the lecturer at the beginning of the term. Examples of such



“Studienleistung” are a report, a presentation or a written/oral exam, all of which are not

graded, i.e. they can only be “passed” or “failed”. Sometimes you will receive a grade for a

“Studienleistung” but this grade is only for your information to give you further feedback on

your performance.

Examination weight

Each focus area has two graded assessments (“Prüfungsleistungen”, PL). All other courses will

not be graded but may contain ungraded assessments (“Studienleistungen”, SLs). The overall

grade of the module “Elective Subjects” will be calculated as the weighted sum of both PLs as

follows:

Module grade = w1*grade PL1 + w2*grade PL2

w1 = ECTS PL1/(ECTS PL1 + ECTS PL2)

w2 = ECTS PL2/(ECTS PL1 + ECTS PL2)

Recommendation

Please note:

Several modules are taught not only to MSc Neuroscience students but at the same time to stu-

dents from other degree programs (e.g. M.Sc. Biology, M.Sc. Computer Science, M.Sc. Applied

Physics etc.). The same module may have different assessments depending on the degree pro-

gram of the student. For example, while a report may be an SL for M.Sc. Neuroscience students

(and therefore can only be “passed” or “failed)” it may be a PL (and therefore be graded) for a

student from the M.Sc. Computer Science.

A few of the elective modules take place during winter term (as indicated by ‘WS’ behind the

module name). In this case the participation takes places during the 3rd semester while students

carry out their research project. It is usually not a problem do take part in a teaching module in

parallel to a research project, however, this should be agreed by the supervisor of the research

project. Please also note that research projects can already be started before the 3rd semester,

e.g. in summer.

Some focus areas and modules have limitations with regard to the number of participants. In the

case of too many applicants for a focus area or a module, students will be selected according to

a procedure outlined in the M.Sc. Neuroscience examination regulations. Students which unfor-

tunately cannot be registered for their first choice will be given the opportunity to choose other

elective modules with sufficient number of places.
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Focus Area 1: 
 
Neural Circuits and Behavior 

All students in this Focus Area attend the exercise “Methods in Neurobiology” as their first graded 

assessment (PL 1) and choose another course as their second graded assessment (PL 2; either 

“Cognitive Neuroscience”, “Developmental Neuroscience”, “Neurobiology in Genetic Model Organisms” 
or “Neuroscience – Optophysiology”). 

Additionally, you can either choose one more of these 9 ECTS courses as an ungraded assessment 

(SL). In this case, you need to make sure to choose courses that don’t overlap in time. 

If you decide to take only one of these 9 ECTS courses, you need to take all three additional 

courses. 
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The table below contains more detailed information about the specific parts of the courses (some 

contain e.g. a lecture and an exercise or seminar) and the Professors in charge. 

Detailed information on the content of each course can be found in the module descriptions below 

 

 



Focus Area 2: 
 
Computational Neuroscience 
In the Focus Area “Computational Neuroscience”, you choose two PL out of the three mandatory 
courses (“Models of Neurons and Networks”, “Biological Learning, Control and Decision Making” 
and “The Neural Code: Quantitative Analysis of Neural Activity“) and take the third one as SL. More 
SL are chosen from the list of additional courses. 

 

 

 



The table below contains more detailed information about the specific parts of the courses (some 
contain e.g. a lecture and an exercise or seminar) and the Professors in charge. Detailed information 
on the content of each course can be found in the module descriptions below. 
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Focus Area 3: 

Neurotechnology 

In the Focus Area “Neurotechnology”, all students take “Biomedical Microsystems” as their first and 
“Neuroprosthetics” as their second PL. Additional SL can be chosen from the list below. Please note that 
some courses are taking place in winter term. 
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The table below contains more detailed information about the specific parts of the courses (some 

contain e.g. a lecture and an exercise or seminar) and the Professors in charge. Detailed information on 
the content of each course can be found in the module descriptions below. 

 

 

 





























































Detailed Module Descriptions

Focus Area 2: Computational Neuroscience



Master of Science in the subject Neuroscience - Major (Examination regulations version 2021 
 

 

Name of module Number of module 

Elective Subjects (Focus Area: Computational Neuroscience) 09LE03MO-NE-2-2021 

course 

Biological Learning, Control and Decision Making  

Event type Number 

Lecture + exercise 09LE03V-NE-2-T1.2 

 
ECTS-Points 9 

Workload 270 h  

Attendance 78 h  

Independent study 192 h  

Hours of week 6 

Recommended semester 2 

Frequency only in the summer term 

Pflicht/Wahlpflicht (P/WP) core elective 

Language English 

 
Contents 

Building on prior knowledge in neuroscience and mathematical methods, this course covers the 

computational neuroscience and modeling of biological learning, control and decision making. Topics 

include: 

■ Biological movement control 

■ Sensorimotor learning and motor adaptation 

■ Reinforcement learning in neuroscience 

■ Bayesian models in action and perception 

■ Recurrent neural networks of learning and control 

 

Several of the methods and models covered in this course are related to developments in artificial 

intelligence and machine learning and thus, connections between models of brain function and AI will be a 

topic of discussion in this course. 

 
The course consists of interactive lectures and accompanying exercises.  

Qualification 

The students acquire the competence to 

■ summarize models of biological learning, control and decision making 

■ link mathematical models with biological phenomena arising in systems neuroscience, using theory 

and computer simulations 

■ understand the fundamental tradeoff between biological detail and mathematical abstraction and 

evaluate its consequences 

■ explain the steps necessary to develop and validate models of behaviour their underlying neural 

mechanisms 

■ explain the gain in understanding biological mechanisms arising from the study of mathematical 

models and critically discuss the limits of mathematical modeling 
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■ implement, simulate and analyse models and methods of biological learning, control and decision 

making 

■ compare models of different levels of abstraction 

Examination achievement 

Written exam (70 minutes duration) 

Course achievement 

Presentation of selected exercise solutions 

 
Compulsory requirement 

None 

Recommended requirement 

■ Basic knowledge in the biological foundations of neuroscience 

■ Basic knowledge of quantitative methods  

■ Enjoying mathematical modelling 

■ Quantitative Methods and Statistics course 

■ Python programming 

■ Scientific Programming in Python course 

 

Teaching method 

Lectures, exercises and discussion 

Presentation and discussion of exercise solutions 
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Name of module Number of module 

Elective Subjects (Focus Area: Computational Neuroscience) 09LE03MO-NE-2-2021 

course 

Quantitative Methods 2  

Event type Number 

Lecture + exercise 09LE03V-NE-2-T1.3 

 
 

ECTS-Points 9.0 

Workload 270 h  

Attendance 75 h  

Independent study 195 h  

Hours of week 5.0  

Recommended semester 2 

Frequency only in the summer term 

Pflicht/Wahlpflicht (P/WP) core elective 

Language English 

 
Contents 

■ Examples of probability distributions 

■ PCA,SVD 
■ Tuning curves and likelihoods, probabilistic decoding, Cramer Rao bound and Fisher Information 

■ Model identification: Linear filters (Fourier theory) Generalized Linear Models 
■ Learning and Regression 

■ Perceptrons and Patterns 
■ Support Vector Machines and Kernel trick 
■ Shannon Information and independence  

 
Qualification 

 

The students can 

■ answer detailed questions about the lecture contents 

■ explain the mathematical foundations of the introduced analysis concepts 

■ apply the analysis concepts to simple neuroscience problems 
■ generalize the presented methods to new problem variants 

■ explain the limitations of the presented analysis methods 
■ implement the analysis concepts from the lecture in python. 
■ reproduce mathematical derivations and proofs shown in the lecture 
■ apply the analysis concepts to small data sets 
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Examination achievement 

Written exam (70 minutes duration) 

 
Course achievement 

 

■ Attendance of the lecture is voluntary, but highly recommended. 
■ Regular participation in exercises 

 

Literature 

■ Spikes; Bialek, de Ruyter van Steveninck, Rieke, Garland 

■ Introduction to Theoretical Neurobiology I; Tuckwell 

■ Information Theory, Inference and Learning Algorithms; McKay 

■ Advanced Data Analysis in Neuroscience: Integrating Statistical and Computational Models; Durstewitz 

■ Pattern Recognition & Machine Learning; Bishop 

Compulsory requirement 

None 

Recommended requirement 

Quantitative Methods, enjoying mathematics 

Teaching method 

 

■ Presentation of lecture notes 
■ Solving problem sheets together 
■ Discussion of homework in tutorials 
■ Homework problems require both programming (Python) and mathematical analysis 
 

 
     






















































































