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ABSTRACT

Many universities offer courses on acoustics and audio
signal processing, often with overlapping content. Nev-
ertheless, the lectures and teaching material have typi-
cally been developed independently. We present a grow-
ing collection of programming exercises in the form of
Jupyter notebooks that allow to interactively write and ex-
ecute code including in-line graphical output such as fig-
ures. They can also contain text, equations, and multime-
dia content. Solutions can optionally be checked automat-
ically using the nbgrader package, making notebooks
a suitable tool for code-related assignments. Our note-
books are hosted on pyfar.org and are often based on the
Python packages for acoustics research (pyfar). Pyfar pro-
vides functions for signal processing tasks, as well as for
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reading, writing, and visualizing audio data. By providing
such functionality, it allows the content of the notebooks
to focus on core concepts and didactics. Solutions to all
exercises will be made available to teachers upon request.
We hope that this initiative will foster cross-university col-
laboration, reduce the workload for educators, improve
the quality of assignments through peer review, harmo-
nize the content and didactics of courses across univer-
sities, and increase the number of available assignments.
We will present sample assignments, the infrastructure be-
hind the collection, and how to contribute.

Keywords: (virtual) acoustics, audio signal processing,
open educational resources, python, jupyter notebook

1. INTRODUCTION

Academic teaching is integral to scientific and societal
progress because it supports to educate the next generation
of researchers and developers for universities and compa-
nies. Thus, the quality of education in terms of didactics
and content is crucial. However, the conditions for achiev-
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ing this goal at the university level are often far from opti-
mal. Depending on the country and the university, newly
assigned lecturers frequently must develop their lectures
and teaching materials under time pressure due to par-
allel tasks, such as setting up a new research group and
raising funds for future projects. Doctoral students and
postdoctoral researchers are also often involved in teach-
ing but face their own challenges—first and foremost the
need to complete their scientific work before the end of
their mostly fixed-term contracts. In addition, undergrad-
uate students involved in teaching are still in the process of
internalizing the concepts and topics being taught and are
therefore qualified for limited conceptual contributions.

Cross-university efforts to collaborate on teaching
materials could address some of these challenges and po-
tentially improve teaching quality through a collaborative
peer review process. Although collaboration and peer re-
view are common in research, we are aware of only a
few examples in teaching. One example is the Massive
Open Online Course (MOOC) on communication acous-
tics organized by T9, the nine technical universities in
Germany [1,2]. However, this course is not free of charge.
A second example is the Acoustics Courseware (acoucou)
project [3], which is currently being developed by edu-
cational and industrial partners. It aims to provide open
educational materials for different levels of expertise. Fur-
ther, in the field of signal processing and communication
acoustics, Spors et al. [4] discussed the open education
resources workflow for their courses!. Some of these
courses are heavily forked. Peer reviews are incorporated,
but mostly only within the group of the initial develop-
ers. Active outside collaboration is on a very low level,
currently.

Integrating programming exercises into lectures is
generally advantageous, as it is an important method in
engineering or more general in all algorithmic- and data-
related tasks. An explicit and dedicated training on this
skill will help students to cope with their future challenges
in the natural sciences and engineering. Rather than intro-
ducing algorithms only in formal notation, actively imple-
menting these often facilitates a deeper understanding of
the core concepts behind the particular methods. Hence,
solving analytical problems shall be accompanied by solv-
ing problems through implementation as this equivalently
trains these different skills. Thus, the integration of pro-
gramming assignments into lectures follows construc-

"https://github.com/spatialaudio/
signals—-and-systems—-exercises

tive alignment, which aims at an “alignment between
the intended learning outcomes of the course, the teach-
ing/learning activities and the assessment tasks” [5, p. 95].
At the time of writing, none of the above mentioned
projects offers programming assignments in Python that
could be integrated into existing or projected lectures. In
the following, we propose our initiative to provide such
material. By that, we aim at supporting and improving
educational collaboration and material.

2. PYFAR OPEN EDUCATIONAL RESOURCES

The pyfar open educational resources, freely available
at pyfar.org, provide Python-based programming as-
signments in the form of Jupyter notebooks? developed
by different institutes from different countries. In the fol-
lowing, we introduce the scope and concepts of the py-
far open educational resources. For detailed technical in-
structions on how to obtain and contribute assignments,
we refer the reader to the open educational resources and
contributing section at pyfar.org.

2.1 Scope

The pyfar open educational resources are intended to pro-
vide programming assignments for acoustics and audio
signal processing. At the time of writing, the majority
of the assignments focused on virtual acoustics covering
topics such as the

e creation of virtual sources using using head-related
transfer functions,

e estimation of interaural cues from head-related
transfer functions,

* interpolation of head-related transfer functions us-
ing local and global interpolation approaches,

e creation of virtual moving sources using vector
base amplitude panning,

e creation and rendering of sound scenes using Am-
bisonics en- and decoding,

e extraction of sound-field parameters (direction of
arrival, diffuseness) from microphone array record-
ings,

e parametric audio rendering such as the spatial de-
composition method, and

https://jupyter.org/
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* room acoustic simulation using image sources and
feedback delay networks.

However, we also welcome and encourage submissions
from other areas of acoustics including but not limited
to audio signal processing, basics of (technical) acous-
tics, and the measurement of acoustic properties (transfer
functions of linear & time-invariant systems, room acous-
tic parameters, etc.). Many assignments actively use pyfar
functionality, but this is not a strict requirement. For as-
signments focusing on more basic signal processing, such
as introducing the Fourier transform or finding the onset
of an impulse response, it may be more appropriate to
use low-level Python, numpy? and scipy* function-
ality, and pyfar could serve as a reference implementation
against which students can compare their own solutions.
On the other hand, high-level assignments that aim to in-
troduce more complex algorithms or audio signal process-
ing, such as measuring an impulse response, may benefit
from using pyfar functionality directly to hide some com-
plexity in favor of a clearer and shorter presentation of the
required processing blocks.

2.2 Concept

Figure 1 illustrates the concept and technical realization of
the pyfar open educational resources. The notebooks ini-
tially contain the assignments and their solutions. These
notebooks are stored in a private (non-public) git repos-
itory to prevent an uncontrolled circulation of the solu-
tions. This is important for teachers who grade assign-
ments as part of their course work. Lecturers will be
granted access to the private repository, and thereby the
solutions, after having proven that they are teaching a
course in acoustics or signal processing. The same holds
for teachers who want to contribute an assignment (cf.
Section 2.3 for details). Solution-free assignments are
made available on the open educational resources section
at pyfar.org. They can be accessed by students and in-
terested teachers. The nbgrader® package is utilized
to remove the solutions from the notebooks hosted in the
private repository before they are published.

2.3 Requirements

Before an assignment is added to the pyfar open educa-
tional resources, it is peer reviewed within the pyfar com-

*https://numpy.org/
‘nttps://scipy.org/
3 https://nbgrader.readthedocs.io
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Figure 1. Proposed workflow for providing course
materials using the pyfar open educational resources.

munity to ensure that it meets our imposed requirements.
First and foremost, the assignment and its solution should
be correct, clear, self-contained, and provide at least one
scientifically qualified reference for further reading. Apart
from that, a few formalities need to be followed to make
the assignments more accessible, such as adding author’s
contact details, stating the required skills, and providing
an estimated time in which the assignment shall be com-
pleted. Importantly, the notebook must use nbgrader to
ensure that the solution can be removed automatically. As
an additional benefit, nbgrader can be used to automat-
ically grade the students’ solution, which could further re-
duce the lecturer’s workload. However, this requires well-
defined problems suitable for automatic grading and code
blocks that test the solutions. Such tests typically require
more design effort. Therefore, we leave the use of this
functionality up to the lecturer, as it may not be appropri-
ate for all types of assignments. A sample assignment is
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provided to help contributing teachers follow these rules.

2.4 Example

Figure 2 shows a short excerpt from the basic pyfar chal-
lenge assignment. Like all assignments, it begins with
a brief introduction and lists the requirements, the esti-
mated time to complete the task, and the required depen-
dencies. The positions where code has to be added are
marked with the comment #YOUR CODE HERE and an
error will be raised if the block is executed without adding
any code. These blocks are automatically generated using
nbgrader after deleting the solutions.

This specific example might work best as an ungraded
assignment at the beginning of a course to familiarize stu-
dents with Jupyter notebooks, Python, and pyfar. Other
assignments could be used in different ways: An assign-
ment could be shown to the class by the lecturer and
solved collaboratively during the course. It could also
be distributed within a dedicated tutorial to be solved by
(groups of) students; or it could be part of the graded
course work.

3. CONCLUSION

We introduced the pyfar open educational resources con-
taining programming assignments for teaching (virtual)
acoustics and audio signal processing. The assignments
are collaboratively developed, maintained, and peer re-
viewed across different institutes and countries. This may
help to improve the quality of teaching and simultaneously
reduce the workload of lecturers. The assignments are
freely available from pyfar.org. At the time of writ-
ing, assignments mostly covered topics in virtual acous-
tics, but we warmly welcome contributions from all other
areas of acoustics.
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pyfar challenge

The pyfar developers pyfar.org Contact: info@pyfar.org

This assignment will familiarize you with some of the basic pyfar functionality. For help visit the

pyfar documentation

Audience: People, who are new to pyfar.
Requirements: No previous knowledge required. Minimal numpy skills are advantageous.
Duration: 45 Minutes

Dependencies pip install pyfar>=0.7 sounddevice ipympl ipykernel

[1:

1. pyfar Signals

pyfar Signal objects store audio data that can be converted between the time and frequency
domain. They also contain useful meta data such as the sampling rate or the frequencies at which
the spectrum is available. See their documentation for more information

Generate a Signal with a sampling rate of 48 kHz and the time data [0, 2, 0, 0] .
[1:

Inspect your Signal by printing the sampling rate, time data, the times at which the data is
available, and the number of samples.

[1:

import pyfar as pf

import numpy as np

import sounddevice as sd
import matplotlib.pyplot as plt
smatplotlib ipympl

# YOUR CODE HERE
raise NotImplementedError

# YOUR CODE HERE
raise NotImplementedError

Figure 2. Example for an assignment in the form of a Jupyter notebook.
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