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1 Introduction
Psychoacoustic experiments investigate the relation be-
tween a physical sound and its perception by humans.
However, the experimental details are often insufficiently
documented in scientific publications [1]. Reproducing
such investigations thus, often requires much effort due
to missing details in the documentation of prerequisites
and experimental set-up as well as unpublished research
data and statistical analysis [1]. By means of an ABX-
listening test detecting the perceptual difference of cor-
related and uncorrelated measurement noise in binaural
room impulse responses, we analyse how documentation
and reproducibility of such experiments can be improved
by technical approaches and methodological aspects. In
particular, the documentation of the experiment includ-
ing the hypothesis, the preparation, and the analysis is
realized in an Electronic Laboratory Notebook (ELN).
Before the listening test started, a pre-processing script
is implemented and automated processes are set-up in
order to evaluate new measurements. Finally, we discuss
the publication of the data and the data analysis scripts
including their documentation with respect to the FAIR
principles to ensure their re-usability.

Use Case: ABX-Listening Test The study of Hahne
and Spors [2] entitled “On the perceptual difference of
correlated and uncorrelated measurement noise in bin-
aural room impulse responses” was employed to demon-
strate the proposed approach.1 In particular, the study
is based on an ABX-listening test that was subsequently
conducted by 13 subjects in the audio lab of the Insti-
tute of Communications Engineering at the University of
Rostock over a period of four days.

A listening test typically starts with the formulation of a
hypothesis, followed by several preparation steps and the
data collection, which will be analysed and scientifically
published afterwards. With respect to reproducibility, it
is crucial to both: (1) document sufficient details along
these activities, and (2) store all necessary data, scripts
and other research objects that were produced. Consider-
ing these two aspects, we can derive several requirements
for potential workflow support:

R1 Prepare data processing in advance in order to
avoid p-Hacking [3] or HARKing [4]. While this does
not exclude exploratory data analysis, it avoids that
researchers search for significant correlations in their
data that can not be explained by the original mea-

1Note, we only take this study as an example to analyse the
reproducibility aspects of such listening tests. All details of this
particular study are discussed in [2].

surements. Furthermore, the study and data anal-
ysis design can be pre-registered in order to ensure
high quality by reviewing of the hypothesis, method
and details of the study from the scientific commu-
nity. Thus, further mistakes such as a too small
number of participants or the selection of a wrong
study design with respect to the hypothesis might
be avoided.

R2 Reduce media disruption to avoid errors intro-
duced from the transferring of information. As
an example, the answers of a digital questionnaire
should be kept digital and not printed in order to be
digitized again in a spreadsheet.

R3 Share information in consortia in order to al-
low members of the research group respectively the
project partners in other institutions to get all infor-
mation about the study. This increases transparency
and fosters collaboration while at the same time ac-
cess control can be applied.

R4 Store versions of data in order to track changes of
the data with respect to questions of accountability
but also to restore previous versions. Furthermore,
together with R3, this prevents questions about the
latest version of the data.

R5 Reduce manual interactions to prevent errors as
well as to make the research study more transparent.
During the handling of data, e. g., during the data
analysis, manual interactions such as in the form of
click-and-point software are difficult to document so
that the measurement data can be re-analysed with
the same results. Furthermore, such interactions
may introduce errors from mistakes such as pasting
information into a wrong location or by accidentally
selecting the wrong column in a spreadsheet.

R6 Enable publication of research objects to sup-
port open science and reproducibility. In particular,
the research objects produced in the study as well
as their documentation should be publishable. As
an example, tools that do not allow to export the
produced research data in an community standard
format should be avoided.

Note that reproducibility of scientific investigations in-
volves a multitude of other aspects that cannot be dis-
cussed to the full-extent here. Next, we discuss our two
main aspects: documentation and data storage as well as
automation with respect to these requirements.

2 Electronic Documentation
Documenting research processes is essential for the com-
prehensibility and reproducibility of the research results
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(a) Protocol documenting the listening test including
setup, participants, and data storage

(b) Overview of database items centrally documenting software,
hardware, and lab details

Figure 1: The documentation of the listening test is performed in an ELN by writing a protocol for each listening
test and connecting the used resources to it. Resources are centrally managed by database items the reduce the
documentation burden.

and findings. While information about the processes
might be documented in analogue notes, errors might
be introduced when digitizing them in order to use these
information during the data analysis (R2). Furthermore,
analogue information can not be shared within the con-
sortia (R3). On the other hand, there exists a huge num-
ber of digital alternatives that satisfy these requirements.
From text processing tools such as LibreOffice Writer2, to
note management systems such as Microsoft OneNote3,
to project management systems such as Redmine4, to
wiki systems such as MediaWiki5. While text processing
tools are very easy to handle they do not provide a simple
mechanism to store and connect multiple documents such
as listening tests of the same kind using the same hard-
ware. Furthermore, sharing (R3) of the information is
not possible except from sending files to the project con-
sortia. This is where note management and project man-
agement but also wiki systems are better suited. While
the documentation is assigned to particular projects in
the project management system, wiki and note manage-
ment systems do not have a predefined structure.

Inspired by their use for the documentation of wet-lab
experiments, we want to introduce another category of
software: Electronic Laboratory Notebooks (ELNs) are
specifically tailored for the documentation of experiments
in the wet-lab often providing a central database that can
be used to centrally maintain information of e. g., devices,

2see https://www.libreoffice.org/
3see https://www.onenote.com/
4see https://www.redmine.org/
5see https://www.mediawiki.org/

software, and materials. This allows the reuse of existing
information and thus reduces the potential for errors.

All described tools can be used for the documentation of
ABX-listening tests. In our use case we decided to use
the ELN tool elabFTW [5] as it provides a user-friendly
interface and integrates well into the existing infrastruc-
ture. Figure 1a shows an example protocol containing
an excerpt of the listening test documentation: a general
part including the hypothesis, the test setup including
details about the room and the hardware as well as the
participants and the data storage. Furthermore, a cen-
tral database was used to maintain information about
soundcards, amplifier, microphones, and any other de-
vice or software. Figure 1b contains an overview of these
database items defined in our ELN–each of them con-
tains an extended description that is not shown in the
figure. To reduce the documentation effort for similar
experiments, templates might be created.

3 Automation
Besides the documentation of the listening test, the man-
agement of the research data and its analysis is the sec-
ond important aspect to foster reproducibility. While the
planning of this data management for an entire research
project can be documented in so-called Data Manage-
ment Plans (DMPs) [7], we consider their implementa-
tion for our use case here. First of all, the research data
needs to be stored in a way that enables their sharing
within the consortia (R3) as well as their versioning (R4).
A lot of specifically tailored tools exist that can be em-
ployed for this purpose: versioning systems such as Git

DAGA 2021 Wien

1100



Docker-Container
Docker-Container

Data
Initial data; Jupyter Notebook;
Docker and webMUSHRA
Configuration

Measurements of Subject #1

Measurements of Subject #2

Measurements of Subject #3

...

Automated
Actions

Stage 1: Build

Create and register docker image (computing environment)

Stage 2: Compute
Re-run Notebook with data from repository (contains the

latest data from subjects)

Stage 3: Notify

Post preprocessed results to Chat

Gitlab Repository

Docker-Container

Produces

webMUSHRA

Chat-System

Committed

M
an

ua
l A

ct
io

ns
A

ut
om

at
ed

 A
ct

io
ns

(G
itl

ab
 C

I/C
D

)

Re-Run Jupyter
Notebook for

Preprocessing

Preprocess

Data in
Repository

Re-run Jupyter
Notebook

Export

Post

PDF
Dockerfile

Export Notebook to

PDF

Docker-Image

Build

Figure 2: Implementation of the automated pre-processing and notification system. The upper part illustrates the
data flow initiated by the listening test: The participant controls the webMUSHRA software [6] and the resulting data
is committed into a GIT repository by the operator afterwards. Every such commit initiates the automated workflow
in the lower part that (1) Builds a read-to-use Docker environment for the analysis, (2) Re-runs a Jupyter notebook
performing the pre-processing of the repository data, and (3) Pushes the resulting PDF into a chat system in order
to notify the operator about the results.

and SVN; project management systems such as Redmine
and Microsoft Sharepoint; or repository software such as
Dataverse6, DSpace7, and CKAN8. Schröder et al. [8]
compare several tools with respect to the requirements
of data management in large research consortia. They,
furthermore, conclude that general repository software is
best suited to fulfill these requirements. In our use case,
the main focus is not only on the sharing of research
data within the consortia, where the data that will be
shared must be curated with additional meta informa-
tion in order to enable others to understand the data.
Furthermore, we aim at automation of the data handling
and their analyses in order to reduce manual interactions
(R5).

In the field of software development, build server such
as Jenkins9 or Continuous Integration and Develop-
ment (CI/CD) server such as Github Actions10 or Git-
lab CI/CD11 are used to process automated tasks such
as testing the current software and deploying it to the
production server. Similarly in our use case, we want
to process the current research data by checking if the
data recording worked without any problems and by pre-
processing the data. Given the particular requirements
and the domain specific background of the participating

6see https://dataverse.org/
7see https://duraspace.org/dspace/
8see https://ckan.org/
9see https://www.jenkins.io/

10see https://github.com/features/actions
11see https://docs.gitlab.com/ee/ci/

researcher, we decided to use a Gitlab versioning system
including its CI/CD server to perform the data storage
and automation tasks. However, we see the use of an in-
stitutional repository as a subsequent step for the sharing
of the data in larger research consortia.

Figure 2 illustrates the workflow in our use case12. Par-
ticularly, after each participant performed the listening
test, the new data will be committed as an individual
version to the Git repository. Each of these commits in-
voke three automation steps that build the computing
environment, runs the pre-processing (R1), and notifies
the operator of the listening test with the results (see
Figure 2 for details). Especially the building of the com-
puting environment using a containerization solution is
essential in order to ensure the reproducibility of the data
analysis. Thus, errors from different library versions or
difficulties in installing the software dependencies can be
avoided.

4 Publication
After all data are collected and analysed, a potential next
step could be their scientific publication. Part of this is
also the publication of the data as well as the source
code itself in order to enable reproduction and re-use
[1, 9]. Recommendations for the publication of research
data have been proposed in the so-called FAIR princi-
ples [10] which corresponds to: Findable, Accessible, In-
teroperable, and Re-usable. Together with the domain-

12This workflow is adapted from https://github.com/m6121/

Workshop-ORDS-Reproducible-Data-Science
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independent implementation recommendations of Jacob-
sen et al. [11], they build a framework for research data
publication.

A workflow for publication of our ABX-listening test data
and analysis source code can be implemented by push-
ing the data to public Git repository services such as
Github13 or Gitlab14 (R6). However, with respect to the
FAIR principles it is not sufficient to create a repository,
commit the data and reference this repository in the sci-
entific publication. Instead, the research data should be
curated with meta information such as author, title and a
detailed description of the study, the data and the source
code. Furthermore, a license should be specified as well
as a persistent identifier such as a DOI that points to
the particular version of the repository data that is used.
To enable this archival, the Zenodo15 platform can be
used. By connecting the Github account to Zenodo, a
new DOI can be automatically created for each release
in the Github repository. Afterwards, the meta data can
be adjusted in order to acknowledge e. g., authorship and
funding. Recently, both platforms added support for the
Citation File Format (CFF) [12], that provides a stan-
dard to define meta information in the repository. By
providing these information, software can be unambigu-
ously cited which also fosters reproducibility. Apart from
the particular platforms, these aspects are included in
the FAIR recommendations that contain also further im-
provements of the publication such as the use of ontolo-
gies for meta data terms and the use of standards that
should also be implemented.

5 Conclusion
In this paper we analysed the requirements of ABX-
listening tests using the example of Hahne and Spors [2]
and discussed how reproducibilty of such studies can be
fostered by electronic documentation and automation. In
particular we discussed advantages and disadvantages of
different software tools for documentation as well as data
management and automation tasks with respect to this
use case. In the future, reproducibility of acoustic exper-
iments and the re-use of data can be further improved
if additional standards for meta data, exchange formats,
and repositories are developed.
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