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Disclaimer of Warranties

This project has received funding from the European Union’s Horizon Europe, research and innovation
programme, under Grant Agreement No. 101095295.

This document has been prepared by OpenMusE project partners as an account of work carried out
within the framework of the EC-GA contract no 101095295.

Any dissemination of results must indicate that it reflects only the author’s view and that the
Commission Agency is not responsible for any use that may be made of the information it contains.

Neither Project Coordinator, nor any signatory party of OpenMusE Project Consortium Agreement, nor
any person acting on behalf of any of them:

(a) makes any warranty or representation whatsoever, express or implied,

(i).  with respect to the use of any information, apparatus, method, process, or similar item
disclosed in this document, including merchantability and fitness for a particular
purpose, or

(ii).  thatsuch use does notinfringe on or interfere with privately owned rights, including any
party's intellectual property, or

(iii).  that this document is suitable to any particular user's circumstance; or
(b) assumes responsibility for any damages or other liability whatsoever (including any
consequential damages, even if Project Coordinator or any representative of a signatory party
of the OpenMusE Project Consortium Agreement, has been advised of the possibility of such
damages) resulting from your selection or use of this document or any information, apparatus,
method, process, or similar item disclosed in this document.
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Glossary

API Application programming interfaces

CRAN Comprehensive R Archive Network, central software repository for R and R packages and their
documentation

DMP Data Management Plan

DOI Digital Object Identifier, “a persistent identifier or handle used to uniquely identify various
objects”!. Fits within the URI system

Documentation (Software) Written text or illustration that accompanies computer software. Explains
in general terms how the software operates and how the software can be used.

Eurostat Eurostat is the Statistical Office of the European Union. Eurostat does not directly collect
data itself, apart from a small number of exceptions. Data collection is done in EU countries by
national statistical authorities in compliance with common EU statistical regulations and standards.

EU-SILC Statistics on Income and Living Conditions. A survey-based, harmonised statistics on income
and living conditions in the EU.

FAIR Findable, Accessible, Interoperable, and Re-usable data

Free and open-source software (FOSS) Software that is both open-source but also freely licensed,
meaning that everyone can modify and redistribute the source code of the software without
significant restrictions.

Git “A distributed version control system that tracks changes in any set of computer files, usually used
to coordinate work among programmers who are collaboratively developing source code during
software development.”?

GitHub A platform commonly used to host open-source software development projects using Git
distributed version control.

Issue (GitHub) A question, bug report, suggestion, or other type of communication that users of a
specific software or software component can open in a GitHub repository or other similar software
repository

JSON-LD JavaScript Object Notation for Linked Data, a method of encoding linked data using JSON.

License (software) Software license is a document that states the rights of the developer and the user
for a given software.

Metadata A statement about a potentially informative object, usually on how an informative objects
such as a dataset or file can be found, accessed, used.

Open-source Open-source software is software which source code is published and made available to
the public, enabling anyone to copy, modify and redistribute the source code, design documents, or
content of the product.

R An open-source statistical environment and an accompanying, high-level computer language that
mainly aims to support programmatic and reproducible data management and statistical work.

! Wikipedia contributors. (2024, February 20). Digital object identifier. In Wikipedia, The Free Encyclopedia.
Retrieved February 23, 2024,

from https://en.wikipedia.org/w/index.php?title=Digital object identifier&oldid=1209088493

2 Wikipedia contributors. (2024, January 1). Git. In Wikipedia, The Free Encyclopedia. Retrieved February 23,
2024, from https://en.wikipedia.org/w/index.php?title=Git&oldid=1193006801
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R package additional software component to R that supplements the built-in software components
by adding additional features and functionalities.

Repository (software) centrally located storage where software project’s files, documentation, and
other resources can be stored. A repository also includes project history, making it possible to view
and access older versions of software source code. Repositories can also have platforms for opening
issues, making pull requests or other code contributions, opening discussions, and monitoring
contributor activities.

RDF Resource Description Framework, a standard for data interchange in web.

SDMX Statistical Data and Metadata Exchange, an international initiative that aims at standardising
and modernising (“industrialising”) the mechanisms and processes for the exchange of statistical data
and metadata among international organisations and member countries. Sponsored by Bank for
International Settlements (BIS), European Central Bank (ECB), Eurostat (Statistical Office of the
European Union), International Monetary Fund (IMF), Organisation for Economic Cooperation and
Development (OECD), United Nations Statistical Division (UNSD), and World Bank.

Software-as-a-Service, SaaS In generic terms refers to licensing and delivery model of a centrally
hosted software solution, but here refers to centrally hosted web-based software.

Semantic versioning, Semver software versioning system often consisting of 3 integers separated by
dots. The first integer denotes a major version of the software, the second integer denotes a minor
version of the software, and the third integer denotes a patch to the software. When software
version changes from one major release to another, the changes are usually more drastic than when
the software releases minor revisions or patches and bug fixes.

Shiny app web application framework for R, designed to turn analyses into interactive web
applications.

Statistics quantitative and qualitative, aggregated, and representative information characterising a
collective phenomenon in a considered population.

Survey a systematic examination and record of a physical or social area and its features so as to
construct a map, plan, or description. In social sciences it usually refers to a well-structured
questionnaire and answers given to its items by a target population.

Tidy data data structured in a way where “each variable is a column, each observation is a row, and
each type of observational unit is a table” (Wickham 2014).

Tidy workflow a reproducible data science workflow supporting tidy data principles.

Turtle Terse RDF Triple Language is a syntax and file format for expressing data in the Resource
Description Framework (RDF) data model.

URI Uniform Resource Identifier, “a unique sequence of characters that identifies an abstract or
physical resource”3

URL Uniform Resource Locator, a specific type of URI that is a reference or address used to access a
resource on the internet.

3 Wikipedia contributors. (2024, February 23). Uniform Resource Identifier. In Wikipedia, The Free Encyclopedia.
Retrieved February 23, 2024,
from https://en.wikipedia.org/w/index.php?title=Uniform Resource Identifier&oldid=1209684355

© 2024 OpenMusE | HORIZON-CL2-2022-HERITAGE-01-05 | Grant Agreement No. 101095295


https://en.wikipedia.org/w/index.php?title=Uniform_Resource_Identifier&oldid=1209684355

O
D4.1 — Open-Source Music Data Software Ecosystem @ 7
°

Table of Contents

EXECUTIVE SUMIMIAIY .. ittt e e e ettt e s s e e e e e e ta b s e e e eeeeaes st aeseeeaeesssaanseseeesesnsssnnnseseannns 8
R 1oL o o [¥ ot u (o] o HU PSPPSR PP TPR PR 9
D 2 ¥ 1ol <=4 fo 0 o K.Y/ o] o <SSR 9
2.1 (D L= =T o LTS P ST PR PO POPRPRPRPRPRPPPPPRPRORE 9
2.2 Updates to the original Work plan ...........oeieiiiiieciiie e 10
2.3 Elements for coNtiNUAtION .....c..coiiiiiiiiiee e 10

B SOFEWAIE ettt h e sttt e b e bt e bt e bt e s bt e sabesae e et e e n e e beenreen 10
3.1 COMPONENES e 11
3.2 The @UrOStAt PACKAZE .. .eviiceiiiei ittt ettt e st e e s sbe e e e s sbeeessnabeeeeeans 11
3.2.1  SUMMAry of the UPErades ......ecociiiiiiieie ettt et e e 12
3.2.2  Eurostat statistics browser (interactive Shiny application) .......cccccceeeviieeeieiviee e, 13
3.2.3 Potential @XEENSIONS . ..eeeieiieiiiiesiee ettt s e et e s e n e e e sare e s ane e e snneeea 15
CONCIUSION ettt ettt et e st esab e e s bt e s bt e e sabeesbeeesabeesabeeesabeesabeesabeeesubeesseeenanens 16
RETEIEINCES ...ttt ettt ettt ettt e bt e e s ab e e sttt e s abe e s bt e e sabee s beeesabeesabeeeasbeesabeeenteesareenas 17

© 2024 OpenMuskE | HORIZON-CL2-2022-HERITAGE-01-05 | Grant Agreement No. 101095295



O
D4.1 — Open-Source Music Data Software Ecosystem @ 8
°

Executive summary

WP4 seeks to develop an open-source, software-as-a-service (SaaS) collection of tools for music data,
improving and integrating previously initiated software from the partners and augmenting this with
new software components. This supports the OpenMusE goal to pioneer new best-practice methods
and tools for data collection from multiple sources and integrate these into an open-source software
ecosystem that non-specialist stakeholders can use. The data needs identified together with WP1-WP3
guided software modifications and extensions, and the creation of new software components as
outlined in the project proposal.

Within WP4, T4.1 focuses on software for the collection and management of statistical data. It improves
interoperability of the software with the latest database APIs and recommended data standards
outlined in the DMP, securing software sustainability, and including a better tracking for data citation
capabilities that is essential for data provenance. The software provides tools to check and amend
metadata based on existing, publicly available datasets accessed through the prior packages and a
general strategy to deal with emerging needs for new data. Novel cloud-based applications with web
interfaces (R Shiny Apps) and further interface improvement have been implemented for usability
improvement for non-scientific users. The work is delivered through open-source repositories with
usability documentation; this report summarises the main elements of the deliverable.

© 2024 OpenMuskE | HORIZON-CL2-2022-HERITAGE-01-05 | Grant Agreement No. 101095295
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1 Introduction

A key objective of the OpenMusE project is to provide an open-source toolkit for music data. In the
context of this project, music data refers to a variety of data types relevant to music consumption,
including more traditional statistical, economical, administrative, survey data as well as music
streaming data from both public and private (e.g. partner-provided) sources. WP4 focuses on statistical
and survey data collection and management tools. In parallel, tools for collecting and managing music
industry accounting system data, music streaming data, and music metadata will be developed in WP1,
WP2, and WP5. The WP teams will work with common standards to ensure interoperability across the
toolkit. The resulting toolkit will represent a novel combination of tools with added value and a general
strategy for further extension.

D4.1 is the result of the work done in Task 4.1. It builds on the data needs identified with WP1-3 (in
particular, Tasks T1.1, T2.1, T3.1). Deliverable D4.1 focuses on the collection and management of
statistical data available on an EU level via Eurostat. Specifically, it updates the eurostat R package
(https://cran.r-project.org/web/packages/eurostat/index.html) to allow interoperability with new
database APIs and provide new data citation functionality. T4.1 / D4.1 will be followed and
complemented by tasks and deliverables focusing on the collection and management of primary survey
data.

2 Background work

2.1 Data gaps

The work on D4.1 builds on the data needs identified with WP1-3 and in particular, Tasks T1.1, T2.1,
and T3.1. The data needs were mapped based on the deliverables that were available from these tasks,
complemented by additional in-person interviews with WP1-3 during fall 2023. DMP Annex 2 provides
an additional listing of relevant data sources. These are complemented by user stories, or layman
descriptions of common use cases, supporting the development of user-friendly software solutions;
REPREX maintains a publicly available collection of user stories® that is used to support the
development work in WP4 (as well as in parallel development tasks in WP1, 2, 3, and 5). These specific
user scenarios must be reconciled with the need to provide more widely applicable methods that can

4 The main Github repository for the user stories
https://github.com/dataobservatory-eu/open-music-europe-user-stories/tree/main/stories
DMO Personas document includes additional user stories:
https://docs.google.com/document/d/185leCTRnjVv4lY3kYJQKJ1kD93V3ubfFWtNH3wWv ak
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efficiently serve varying use cases and data types relevant to WP1-3. It has been therefore essential to
focus on generic methods that support data provenance, metadata augmentation, and compliance
with established data standards. The added value of D4.1 is specifically in assisting the integration
heterogeneous data sources that have varying compliance with existing standards. Adapting this
approach to specific data sources and use cases will continue in the remaining WP4 tasks, as well as in
tasks in WP1, 2, 3, and 5 that implement the indicators, methods, and software tools designed by
OpenMusE.

2.2 Updates to the original work plan

Updates to planned work have been inevitable as the work progresses. The main changes include
shifting focus from package dependencies to interoperability through workflow design and prioritizing
the development of new workflows and applications over previous background components. Major
updates to T4.1 included the following.

1. Emphasis was shifted from interoperable software to implementing modular workflows as
some of the technical overheads on software dependencies can be overcome with this
development strategy.

2. Eurostat deprecated its old API in October 2023 and substantial unexpected work was needed
to upgrade the eurostat package (Lahti et al. 2017 & 2024) to support the new SDMX APl and
maintain functionality.

3. The latest terms of using data from Spotify API with the spotifyr package are too limiting for
the open data science framework envisioned for this consortium. T4.1 assessed the
possibilities for replacing this with similar alternative data sources (e.g. Deezer, MusicBrainz),
and may support as needed the streaming data collection and management activities in WP1.

4. T4.1 decided to reduce software dependencies by shifting the emphasis from creating package
dependencies to implementing integrative data science (Quarto) workflows and an interactive
cloud-based (Shiny) application (e.g. Fig. 1). This demonstrates a general strategy for
integrating previous and newly created open components into a new combination that has
unique added value facilitating music data access.

2.3 Elements for continuation

The main elements of the follow-up development will comprise (i) improving the existing software
(critical updates with API changes, bug fixes, enhanced usability etc.); (ii) customizing the generic
solutions provided by the toolkit developed in T4.1 to support the use of specific data sources and data
sets in WP1, 2, 3, and 5; (iii) expanding the toolkit to ingest an increasing number of data sources; and
(iv) creating suitable instructional material (vignettes, walkthroughs, etc.) on how to use the tools
presented in D4.1 to access music data in specific.

3 Software

OpenMusE seeks to develop an open-source, software-as-a-service (SaaS) toolkit for music data
collection. In the context of this project, music data broadly refers to a variety of data types relevant to
music, including more traditional statistical, economical, administrative, survey data as well as music
streaming data from both public and private (e.g. partner-provided) sources.

© 2024 OpenMusE | HORIZON-CL2-2022-HERITAGE-01-05 | Grant Agreement No. 101095295
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D4.1 focuses on the collection and management of EU-level statistical data. It was designed to improve
and integrate previously initiated software brought in by the partners and augment them with other
open-source components and newly created components. T4.1 evaluated alternative strategies for
enhancing the interoperability and joint use of the software, the compatibility of input and output data
with recommended formats (outlined in DMP), and the need to create user-friendly interactive
applications around these methods (Fig. 1).

D4.1 is delivered as a collection of open-source components and application built around them. In
addition to offering a ready-to-use tool, it establishes a development strategy that can be extended to
a number of data sources and combinations.

3.1 Components

Collectively, the software tools developed in T4.1 provide enhanced methods and data science
strategies to access, process, and analyse statistical data on music. The selected strategy of combining
the software elements at the level of workflows is exemplified by the workflow documented at the
eurostat interactive Shiny app, which jointly utilises a number of open-source components.

The interactive application combines openly available software components into a coherent workflow
supporting a variety of data formats (Fig. 1). This approach provides a data science strategy that could
be extended or replicated to include a growing number of data sources and their combinations. Links
to additional open-source components that D4.1 could take advantage of are listed in the Open Music
Software Ecosystem vision paper (Antal 2024c). The software packages from REPREX are openly
licensed, allowing their mixing and reuse with other software.

D4.1 represent a unique combination of open-source software from UTU as well as from external
developers as described in the original T4.1 plan, and a general data science strategy exemplified by
the work based on the eurostat package. In the following, we summarise the main components of the
software toolkit and additional, closely linked software whose open-source licensing terms allow
flexible use and development in support of D4.1.

Shiny application (UTU): interactive access to Eurostat open data
- URL: https://pitkant.shinyapps.io/stats _shiny/
- Updates: new software component that demonstrates the data science strategy in D4.1
eurostat (UTU): programmatic access to Eurostat open data
- URL: https://github.com/rOpenGov/eurostat (also available in CRAN)
- Updates: APl upgrade; data format support; see the GitHub commit log
RShiny: web framework for building web applications using R
- URL: https://www.rstudio.com/products/shiny/
- External package: not developed in T4.1 but providing essential complementary methods and
used to create the interactive application to support data access and use.
tidyverse: collection of R packages designed for data science
- URL: https://www.tidyverse.org/
- External package: not developed in T4.1 but providing essential complementary methods and
used to create the interactive application to support data access and use.

3.2 The eurostat Package

Let us next demonstrate how the toolkit can be put in practice to jointly utilise different software
components in specific data retrieval use cases that T4.2 and T5.1 will focus on. The eurostat package

© 2024 OpenMusE | HORIZON-CL2-2022-HERITAGE-01-05 | Grant Agreement No. 101095295
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addresses identified needs for specific statistical and survey data sources. For instance, it provides
access to EU Statistics on Income and Living Conditions (EU-SILC®) which is managed by Eurostat and
can be accessed easily through the eurostat package. EU-SILC serves as a critical source of data,
primarily concentrating on topics such as income, poverty, social exclusion and living conditions,
offering a detailed insight into the material well-being of citizens across the European union region.
The eurostat package can be used to download this and other data sets from the Eurostat data portal
in a tidy data format but the overall data processing workflow benefits from combining the data
retrieval tool with other methods that provide enhanced capabilities for data provenance, metadata
augmentation, and downstream data processing (Fig. 1).

The eurostat package provides access to the Eurostat open data warehouse. During M7-M13 of the
project, a major new release was developed and released. Large portion of the updates related to
changes in the Eurostat API; deprecation of the old bulk download facilities and the old JSON web
service and moving to use the new SDMX API and API Statistics. Thus, implementing the changes kept
the software functional with critical open APl updates. In addition to the necessary changes needed to
keep the package functional, the new major release version 4.0.0 presented the opportunity to address
long-standing feature requests, bug reports, quality-of-life improvements, and other issues. The shift
from minor and patch versions where backwards compatibility had to be maintained to releasing a
major version where backwards compatibility could be slightly compromised provided an opportunity
to make larger changes than would usually be possible®. The change from old bulk download facility
and JSON web service were handled to preserve backwards compatibility as much as possible. The
format of the data output for data retrieval functions are almost identical to version 3.8.3, with the
largest differences visible to the end user being related to using a new naming convention for the time
column and including a new column indicating the frequency at which the data was collected.

3.2.1 Summary of the upgrades

Technical details of the software development steps are available in the respective GitHub repositories
of each package. Here, we summarise changes related to the eurostat package. This exemplifies the
development work that is needed to maintain software sustainable, enhance interoperability with data
standards and other software components, improve user experience, and support the development of
interactive applications.

Most significant changes in the eurostat package were targeted for improved user experience in terms
of reliability, provenance, accessibility, and speed. We improved dataset caching functionalities,
reducing unnecessary traffic between Eurostat APl and end user by using cached datasets if the
retrieved dataset is a subset of a previously retrieved dataset, which leads to essential speed-up from
ordinary user perspective. We added folder hierarchy handling to functions related to Eurostat Table
of Contents, making it possible to download all datasets that belong to a certain folder with a new
function, also a change that will substantially contribute to an improved user experience. We made
improved data references and provenance by time, version and output format information that
improve compatibility with external tools such as LaTeX renderers. We also include citation to the
eurostat software package in the package CITATION in addition to the previously included software
paper citation to better conform with FORCE11 Software Citation Principles (Smith, Katz & Niemeyer

> https://ec.europa.eu/eurostat/web/main/home
® See Semantic Versioning 2.0.0 standard: https://semver.org
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2016). We added support for German and French, in addition to the previously supported English, after
which it is possible search for datasets in Eurostat Table of Contents in multiple languages, label variable
names and categorical variables in datasets in multiple languages and print dataset citations that
include dataset names in the language of choice. We replaced dependencies on the httr (Wickham
2023) package with httr2 package (Wickham 2023), which is more modern reimplementation and
provides futureproofing for the eurostat package’s essential functionalities, added the option to use
the data.table package (Barrett et al. 2024), which is adds speed and reduces RAM use when dealing
with large datasets with hundreds of millions of rows, and aimed to make minimal installations without
the sf package (Pebesma 2018) possible by rewriting map drawing functionalities in the eurostat
package and off-loading functions to a separate package, the giscoR package (Hernangédmez 2024). We
made it possible to search Eurostat Table of Contents from the code field in addition to the default title
field. We also enhanced automated documentation to reduce potential errors and improve quality (see
Wickham & Bryan 2023). We also added a new interactive data retrieval function that walks the user
through the following steps: finding dataset, selecting download parameters, downloading a dataset,
printing a data citation for the dataset, and, following the recommendations found in the Joint
Declaration of Data Citation Principles (Data Citation Synthesis Group 2014), printing a fixity sum for
each dataset.

3.2.2 Eurostat statistics browser (interactive Shiny application)

The Eurostat statistics browser Shiny application uses the eurostat package to retrieve data from the
Eurostat API. The data retrieval parameters and be set and the retrieved dataset can be viewed in an
interactive Shiny application (see Chang W et al. 2023). The process is summarised in Fig. 1. The
datasets can be enriched by using the dataset package (Antal 2024a), which is not part of D4.1 but its
open licensing conditions allow reuse with other software. The user can add metadata to the
downloaded dataset by converting the downloaded dataset to a special dataset class with the contents
of the metadata fields coming directly from the Eurostat SDMX API. Additionally, datasets with dataset
class can be converted to DataCite and DublinCore formats, with fields following the DataCite and
DublinCore conventions (see Antal 2023a). Additionally, datasets with these annotations can be
converted to other linked data formats, such as Turtle (the tuRtle package from REPREX, Antal 2024b,
could be developed further to provide enhanced support for such tasks), RDF and JSON-LD, with the
help of redland (Jones et al 2023) and rdflib (Boettiger 2018) packages. Including metadata with the
downloaded datasets makes it easier to implement FAIR (Findability, Accessibility, Interoperability,
Reusability) principles in downstream analyses and data dissemination.

© 2024 OpenMusE | HORIZON-CL2-2022-HERITAGE-01-05 | Grant Agreement No. 101095295
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Figure 1: Overview of data retrieval and metadata processing.

The source code of the Eurostat statistics browser Shiny app is openly licensed and available in GitHub

with instructions on how to run it locally’. For user convenience, the app is also available for testing in

7 https://github.com/pitkant/stats shiny
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shinyapps.io®, but it can be deployed in any environment. The figure describes the architecture of the
interactive application.

3.2.3 Potential extensions

T4.1 evaluated the need for new software components to complement improvements on the
previously developed set of packages. Assessment of software dependencies led to the conclusion that
integrating functionalities through reproducible workflows and applications is the preferred strategy
that allows scaling up interoperability between independently developed open-source components;
this minimises dependencies between individual packages keeps codebases easier to maintain and
limits adverse consequences when individual components are broken. In practice this means
preference to software that focus on a handful of essential features and produce predictable outputs
that can be handled by other software. Interoperability can be realised by writing additional software
that orchestrates the input and output of different components and hides details that would be
unnecessary to most end users. This takes the form of a reproducible Quarto document (tutorials
available at the software homepages compile in Quarto) and an interactive Shiny application released
through a cloud service. WP4 chose this strategy as the basis for development work. Thus, we
developed OpenMusE interactive cloud-based online service (Shiny app; by UTU, based on openly
licensed software components) to improve usability for non-scientific users.

The toolkit could benefit from additional components to strengthen the support for alternative data
formats and data sources. The Open Music Europe Software Ecosystem vision paper (Antal 2024c)
provides suggestions towards this direction; for instance, in principle, the dataset and tuRtle packages
from REPREX could be used as dependencies for music data collection software. We note that these
components can be flexibly integrated also in the follow-up work under open-source licensing
conditions.

8 https://pitkant.shinyapps.io/stats shiny/
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Conclusion

OpenMusE seeks to develop a software toolkit for the collection and integration of music data from
various sources. The work is delivered through open-source repositories as summarised in this report.
The data needs identified with WP1-3 regarding music data include statistical, survey, and streaming
data sources. D4.1 focuses on EU-level statistical data, providing tools that represent a unique
combination of previous and newly created open-source software and a demonstrated strategy for
creating integrative workflows and interactive applications that make these methods accessible to a
broader audience including both data scientists and non-technical users.

T4.1 has evaluated alternative strategies for enhancing the interoperability and joint utilisation of the
software components, compatibility of their input and output data with the recommended formats
outlined in the DMP, and user-friendly interactive applications supporting the use of these methods.
Changes were implemented to improve the interoperability of the software with the latest database
APIs and recommended data standards outlined in the DMP, securing software sustainability, and
including a better tracking for data citation capabilities that is essential for data provenance; the online
resources demonstrate how these tools can generically be used to check and amend metadata based
on existing, publicly available datasets. Assigning correct and sufficient metadata schemas, properties
and namespaces to each dataset remains the responsibility of expert data curators, and the adopted
data science strategy can be replicated to provide customised solutions for an increasing number of
data sources and combinations.

Future development will be facilitated by the open-source approach that has been chosen as the basis
for OpenMusE development. In addition to maintaining and improving the existing software, taking
advantage of available open-source solutions, and customizing the generic solutions to work more
closely on specific data sources identified in WP1, 2, 3, and 5, the toolkit can be expanded to ingest an
increasing number of new types of relevant statistical, survey, and streaming data. Technical variability
in the data types and formats poses continuing challenges for the prioritisation of the multitude of the
dozens of heterogeneous sources of relevant data to support variable use cases. Interface
improvements and the creation of new interactive applications following our suggested strategy will
create added value on the openly available software components and can help to improve the usability
of these methods among both practicing data scientists as well as non-technical users.
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