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Introduction

Data quality is fast becoming a hot topic, as demand for high-quality data continues
to grow with a focus on data that is publicly available and can be easily reused for dif-
ferent purposes. Poor quality is a major barrier to data reuse. Some data cannot be in-
terpreted due to ill-defined, inaccurate elements such as missing values, mismatches,
missing data types, lack of documentation about the structure or format availability
(HTML, GIF or PDF). Users find poor-quality data harder to understand and may use it
less often. The data provider may even appear less reliable as a result.

For data to be easily reusable, data publishers must make sure it is easy to discover,
analyse and visualise. Reusers must understand what the data is about and how it is
defined or structured, and should preferably get the data in the format they need.

Data quality covers different aspects, for example consistency, conformity, complete-
ness or documentation. The FAIR guiding principles for scientific data management
and stewardship () provide a framework for grouping the different aspects of data
quality. The framework consists of four dimensions - findability, accessibility, inter-
operability and reusability — and provides concrete metrics for each dimension. Data
publishers should become acquainted with the FAIR principles before publishing
data. It is also helpful to develop a data management plan (DMP) that outlines how
data should be handled. A DMP addresses questions such as where to publish data,
where to store metadata, which format to use and which standard to follow. This sort
of plan will make publication easier.

Data needs to be carefully prepared before publication. Preparation is an interactive
and agile process used to explore, combine, clean and transform raw data into curated,
high-quality data sets. This process consists of six different phases (see Figure 1).

Profiling Distilling Enriching Documenting Validating Publishing
=Understanding =Refining data =Augmenting data | =Data usage =Assessing data =Preserving data
data «Structuring data recommendations | quality «Publishing
=Exploring data «Cleansing data =Versioning in open formats
(values)
Data preparation process >

Figure 1. Data preparation process

() https://www.go-fairorg/fair-principles/
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m Introduction

By ensuring data of the highest quality along with data consistency, conformity and
completeness, data providers help reusers to easily discover, reuse, analyse, visualise
or process data for analytics and business intelligence and to contribute to increasing
the transparency of EU data.

For these reasons, in 2019 the Publications Office of the European Union (the Publi-
cations Office) launched the ‘Data quality guidelines for the publication of data sets
in the EU Open Data Portal () project, aimed at analysing major quality issues and
providing a set of recommendations for data providers from the EU and its Member
States concerning the quality of data resources available through the EU Open Data
Portal (EU ODP). The project () was carried out by Fraunhofer FOKUS (acknowledge-
ments to Lina Bruns, Benjamin Dittwald and Fritz Meiners for their contributions)
and consisted of the following three parts.

- Data profiling. Analysis of the data published by the EU institutions and
bodies to identify the most common data quality issues.

This part consisted of two major steps. First, all metadata was assessed in an automated
way against a set of criteria using the FAIR principles. This step was used to identify data
sets of poor quality, which were analysed in depth in the second step. The second step
was carried out manually and involved the analysis of 50 distributions from selected
datasets. In contrast to step one, the second step focused on analysing the actual data.
The data was checked for encoding issues, accessibility, compliance with standards
and proper presentation of numbers and dates.

For more information about this part of the project please contact:
OP-DATA-EUROPA-EU@publications.europa.eu

- Data quality indicators and metrics. Identification of data quality dimensions,
indicators and metrics to indicate how data quality can be measured.

This part consisted of two main tasks. Firstly, identifying data-quality indicators and
metrics appropriate for assessing data quality, and secondly, developing mock-ups for
a future data quality dashboard. The first task led to the identification of 12 relevant
indicators for data quality across the four FAIR dimensions (see Figure 2).

() On 21 April 2021 the EU Open Data Portal and the European Data Portal were consolidated into one single
service and became data.europa.eu.

() The project was financed by the ISA2 progra
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Findability Accessiblity Interoperability Reusability
Completeness Accessiblity/availability Conformity/compliance Timeliness
Findability Mac;:gsersesaa%aiﬁtilyity/ Consistency
Openness Accuracy
Relevance

Understandability

Credibility

Figure 2. Overview of quality indicators grouped by FAIR dimensions

Metrics were also assigned for each indicator that show how to actually measure and
quantify the quality indicators. In total, 42 metrics were described and illustrated with
real data mostly taken from the EU ODP () (see Table 6).

For more information about this part of the project please contact:
OP-DATA-EUROPA-EU@publications.europa.eu

- Recommendations for delivering high-quality data. A set of recommendations
for data providers from the EU and its Member States.

The current document is based on the outcome of Parts 1 and 2 and on a literature
review. The recommendations are addressed to data providers to support them in
preparing their data, developing their data strategy and ensuring data quality. It is
composed of the following four parts.

1. Recommendations for providing high-quality data. The recommendations
cover general aspects of quality issues regarding the findability, accessibility, inter-
operability and reusability of data (including specific recommendations for com-
mon file formats like CSV, JSON, RDF and XML).

2. Recommendations for data standardisation (with EU controlled vocabu-
laries) and data enrichment.

3. Recommendations for documenting data.
4. Recommendations for improving the ‘openness level’.

At the end of the publication the reader will find a glossary, a table with the overview of
quality indicators and metrics, a checklist with the most important steps for improving
the quality of data and metadata and a list of literature.

(%) Please note that the interface has changed after the consolidation of EU Open Data Portal and the European
Data Portal into data.curopa.eu.
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1. Recommendations for
providing high-quality data

Introduction

The aim of this section is to provide quick and practical recommendations for data
providers, allowing them to prepare and publish high-quality data sets.

It presents a set of best practices for data preparation, especially covering aspects of
the data preparation process phase ‘validating’ (see Figure 3).

Profiling Distilling Enriching Documenting Validating Publishing
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Figure 3. Data preparation process - Validating

An overview of universally applicable recommendations is given in Section 11,
followed by format-specific recommendations in Section 1.2 addressing commonly
used and open-data-appropriate (machine-readable and non-proprietary) file
formats.

11. General recommendations

This section provides general recommendations to consider when publishing data.
These recommendations apply to all kinds of data, regardless of the file format they
are published in. The recommendations are grouped by the FAIR dimensions () of
findability (Section 1.1.1), accessibility (Section 1.1.2), interoperability (Section 1.1.3) and
reusability (Section 1.1.4). Each recommendation includes a description, screenshots
and a reference to the respective metric, as well as helpful information about tooling
and/or linkage to further relevant sources of information. File-format-specific recom-
mendations for the machine-readable formats CSV, XML, RDF, JSON and APIs are covered
in Section 1.2.

Before going on to the recommendations, there are two things you should consider
in general if you are interested in publishing high-quality data: (i) make use of tooling,
(ii) create a DMP.

() https://www.go-fairorg/fair-principles/
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(i) Make use of tooling

Data preparation is an ongoing, iterative and repetitive process. Most of the steps
which should be performed within the data preparation process (see Figure 3) can be
automated and supported with tools. If you are publishing data periodically, it might
be worth investing in an ‘extract, transform, load’ (ETL) tool and related tools that
support you in preparing and publishing high-quality data sets.

There are plenty of commercial tools that can help you prepare your data following
the data preparation process (see Figure 3). A large number of solutions are available
and the data preparation functions they offer are heterogeneous, so finding the right
one might seem daunting. Data preparation functions are, for example, transforming,
cleansing, blending, modelling and enriching data. Gartner Research has analysed 16
tools available from common vendors and classified them in a magic quadrant, iden-
tifying ‘leaders’, ‘challengers’ 'niche players’ and ‘visionaries’ (see Figure 4), with
strengths and cautions for each vendor (). This assessment may help you to find the
most appropriate tool for the task at hand. Gartner Research has also published the
‘Market guide for data preparation tools’ (), in which the market is analysed and sev-
eral products are introduced. Another report that lists and compares data preparation
solutions is ‘The Forrester Wave™: Data preparation solutions’ ().

Challengers Leaders

Informatica

sep
= m B

m Oracle l.TaSIé\gd

W Syncsort

M Information Builders
[ ]

Innovative Systems | -
RedPoint Global [ CCCIIT
MIOsoft

BackOffice Associates
[ ]

ABILITYTO EXEQUTE ——————

Niche players Visionaries

COMPLETENESS OF VISION ————————— As of March 2019

Figure 4. Magic quadrant for data quality tools
Source: Gartner Research (2019a).

(®) Gartner Research (2019a),'Magic quadrant for data quality tools' (https://www.gartnercom/en/
documents/3905769/magic-quadrant-for-data-quality-tools).

() Gartner Research (2019b),'Market guide for data preparation tools' (https://www.gartner.com/en/
documents/3906957/market-guide-for-data-preparation-tools).

() Little, C. (2018), 'The Forrester Wave™: Data preparation solutions, Forrester (https://www.forrester.com/report/
The+Forrester+Wave+Data+Preparation+Solutions+Q4+2018/-/E-RES141619).
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There are also some useful open-source tools that mostly focus on one concrete aspect
of data preparation or that specialise in data quality issues within a certain file format,
such as CSVLint () for CSV files or JSONLint (%) for JSON files. Another open-source
tool is OpenRefine (), which helps clean messy data and transform and extend data.
Talend's Open Studio Line () is another open-source suite licensed under Apache.
Itis made up of components covering (big) data preparation and integration and data
quality and uses machine-learning technology to perform data preparation tasks.

(ii) Create a data management plan

A DMP outlines how data is to be handled. It should establish where to publish data,
where to store metadata, which format to use and which standard to follow. Answer-
ing these questions beforehand will make the publication process easier as it will be
homogeneous and formalised. There is also a common standard for machine-action-
able DMPs (®), and the FAIRification process provides some useful information you
may wish to consider in your DMP (*4).

1.1.1. Findability

1.1.1.1. Describe your data with metadata to improve data discovery

Dimension Findability
Indicator Completeness
Metrics « Number of empty fields in metadata

+ Keywords assigned
- Categories assigned
« Temporal information given

+ Spatial information given

Metadata is descriptive data. Take for example an audio track: information regarding
the artist and album is considered metadata, since this information is not part of the
actual file. It is, however, very important when trying to find the file among others.
Similarly, if a text document was missing its title, it would be very hard for users to
discover the document. Complete and updated metadata is therefore vital for finding
and using data. In addition, metadata can help users identify whether the information
retrieved matches their request. A library of books would be of little use if the books
were missing their key metadata information: author, title and ISBN. The same applies
to data published online.

(®) https://csvlintio,

(%) https://jsonlint.com
(") https://openrefine.org
() https:

() https:/githt
(") https://www.go-fairorg/fair-principles/fairification-process,
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Often, when publishing your data in a catalogue, some metadata fields are set as
mandatory, which means that they have to be filled in before the data can be pub-
lished. However, it is recommended that metadata fields that are not set as mandatory
also be filled in. For the data publisher it does not take much effort to fill in these fields,
and for data users complete metadata can be very beneficial. The more information
given about data, the easier it is for users to find and to get a first understanding of,
which in turn increases the chances that they will reuse it.

The following metadata information should be provided in order to increase the
findability of data:

« title

« description
« keywords

» categories

« temporal information

« spatial information.

When filling in this metadata information, data publishers should make sure that the
information given is as precise, accurate and helpful as possible. Keep in mind that
a potential user has probably never seen your data before and needs to get a clear
understanding of what your data is about.

Good example

This screenshot shows that a detailed description is given for the ‘Production in indus-
try — manufacturing’ data set. This helps potential users to get an overview of what to
expect in the data set.

Production in industry - manufacturing 8 <

Description

The industrial production index shows the output and activity of the industry sector. It measures
changes in the volume of output on a monthly basis. Data are compiled according to the Statistical
classification of economic activities in the European Community, (NACE Rev. 2, Eurostat). Industrial
production is compiled as a “fixed base year Laspeyres type volume-index”. The current base year is
2015 (Index 2015 = 100). The index is presented in calendar and seasonally adjusted form. Growth
rates with respect to the previous month (M/M-1) are calculated from calendar and seasonally
adjusted figures while growth rates with respect to the same month of the previous year (M/M-12)
are calculated from calendar adjusted figures.
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Bad example

In this example, the description of the data set is the very similar to the data set’s title
and does not provide any helpful information. A user would have a hard time getting
a grasp of what the ‘Interest rates — monthly data’ data set may contain.

n Interest rates - monthly data 8 <

. Description

Interest rates - monthly data

% eurovoc domains

Economy and finance, Regions and cities

Helpful links and tools

Title Description Link

What is metadata and whyisitas  Anonline article from opendatasoft https://www.opendatasoft.com/

important as data itself? that provides helpful information about ~ hlog/2016/08/25/what-is-metadata-
metadata (e.g. definition, purpose). and-why-is-it-important-data

1.1.1.2. Mark null values explicitly as such

Dimension Findability
Indicator Findability
Metrics « Number of null values

Sometimes, data is simply not complete. However, a missing value is no reason for not
publishing the data in question. In order to avoid confusion, the data provider should
clearly mark missing values as null values. Users that are not familiar with the data can
thus recognise that the data was not simply forgotten, because the null value serves
as special marker indicating that the value does not exist. In other words, a null value
is a visual representation of a missing value.

There are several ways of indicating a null value, for example by marking the missing
value with ‘NULL or ‘NA' However, if you notice that within your data you have a high
percentage of null values within one row or column, you should consider deleting the
respective column or row as it probably does not bring any added value to data users.

The example below shows a CSV table with data about page visits. In the table labelled
‘bad example’, missing values are indicated by simply leaving fields empty. This is
ambiguous and may lead to errors during further processing. In contrast, the table
labelled ‘good example’ shows the same data, but with missing values clearly marked
as such.
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n Bad example Good example

Year; Visitors, Viewing time Year; Visitors; Viewing time
2014;768954;00:03:18 2014;768954;00:03:18
2013;;00:02:59 2013;null;00:02:59
2013;822101;00:02:59 2012;792967;00:02:52
2011;,721519; 2011,721519;null
2010;707402;00:03:50 2009;429430;00:03:16

1.1.2. Accessibility

1.1.2.1. Publish data without restrictions

Dimension Accessibility
Indicator Accessibility
Metrics + Downloadable without registration

One of the core principles of open data is its accessibility: data should be accessible
and available to the widest range of users possible to avoid limiting its potential reuse.
To allow easy consumption and further processing, no access restrictions should be
in place, regardless of whether these require manual intervention (e.g. registration) or
can be bypassed automatically (e.g. providing credentials). This also applies to the files
themselves, for example encrypted archives. Keep in mind that any access restriction
limits the number of potential data users and so, if possible, should be avoided.

Good example

This screenshot shows a data set which is directly downloaded when the user clicks
on ‘download’. No registration or password is needed.

COVID-19 Coronavirus data - daily (up to 14 December 2020)
&1 COVID-19 cases worldwide - daily
(& DOWNLOAD |

Description

Data on the geographic distribution of COVID-19 cases worldwide

Format
csv
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Bad example

This example shows a data set which cannot be downloaded without a password.
This hampers its reuse and is not in line with open data principles.

n code: "authentication_required”

error: true

message: "You must be logged in to access this resource”

Helpful links and tools

Title Description Link
Ten principles for opening up Description of the core open data princi-  https:/sunlightfoundation.com/policy/
government information ples. Pay attention to Principle 4 ‘Ease of ~ documents/ten-open-data-principles/

physical and electronic access’.

1.1.2.2. Provide an accessible download URL

Dimension Accessibility
Indicator Accessibility/availability
Metrics + Download URL given

« Download URL accessible

Data can only be reused by others if it is accessible. Typically, the main point of access
is a download URL, which must be set in the metadata and be accessible, i.e. reachable
via a browser. This means the data publisher must ensure that when a user clicks on
the download URL provided, this URL functions properly and the user can directly
download the data.

Good example

This screenshot shows three download URLs given for a data set, each pointing to a
different file format. The download begins directly when the user clicks on the down-
load button.

Resources

& DOWNLOAD Download dataset in TSV format (unzipped) | TSV
& DOWNLOAD Download dataset in TSV format | ZIP

&, DOWNLOAD Download dataset in SOMX-ML format | 2IP


https://sunlightfoundation.com/policy/documents/ten-open-data-principles/
https://sunlightfoundation.com/policy/documents/ten-open-data-principles/
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Bad examples

These screenshots show a download URL which redirects the user to another web
page instead of initiating a file download.

n & DOWNLOAD Dissemination database - Consumer Conditions Scoreboard | HTML

Foa JUSTICE AND CONSUMERS

Consumers attitudes towards cross-border trade and consumer protection

Last Refreshed On: 101272019
Rofroshed AL 23:46:31 Dataset description How to Select Items

Yoar Country
h 2018 - ™ -
Data by Country and Year :
Country Year Variable Results
KC_C: Average percentage of consumers answering comectly to questions an consumer rig. e
K1 C: J IMErs i hy i eodling-off period 60.1
K2_C: Percentage of consumers answering coerectly to question on faulty product guarante. 388
K3_C; Percentage of o ctly to questh licited procucts 155
TC1_C: Average percentage of consumers wha agree that they trust organisations o prote... 655
TC2_C: Peroentage of consumens wha agree that they trust redress mechanisms s
Ti_C: Percentage of consumers who agree that they trust public sutharities to protect thel.., 634

As already mentioned, the download URL should be not only available but also acces-
sible, meaning it should not return an error when clicking on it. An invalid download
URL, for example, returns a 404 error (not found), which makes the data inaccessible
for the user.

n Not Found

The requested URL /sorry/data’evodp/dataset/edc9253d-ab72-43cc-8ecd-25952eeb2 78e/resource/6fd65ef7-
b32c-458c-869e-329757aa7412/download/elre3 10englishbulgarianlegaltermsmd.xml was not found on this
server.
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Another bad example is depicted in the following screenshot. Here, the data set in-
cludes several resources that are of a different nature. In this case, it is recommended
that the data set be split into six individual data sets as shown, to make sure that the
resources for each set cover the same content (possibly in different formats).

n Resources

3 DOWNLOAD  Ljst of UV filters allowed in cosmetic products  EXCEL XLS

&2 DOWNLOAD  List of UV filters allowed in cosmetic products csv

& DOWNLOAD  List of colorants allowed in cosmetic products | Csv

3 DOWNLOAD  List of colorants allowed in cosmetic products | EXCEL XLS

& DOWNLOAD | List of preservatives allowed in cosmetic products | csv

& DOWNLOAD | List of preservatives allowed in cosmetic products | EXCEL XLS

3 DOWNLOAD | List of substances prohibited in cosmetic products  pPOF
A DOWNLOAD  [Ljst of substances prohibited in cosmetic products  csv

3 DOWNLOAD  List of substances prohibited in cosmetic products | EXCEL XLS

&, DOWNLOAD | List of substances which cosmetic products must not contain except subject to
the restrictions laid down | EXCEL XLS

& DOWNLOAD  List of substances which cosmetic products must not contain except subject to
the restrictions laid down | csv

&3 DOWNLOAD  Search the Cosing database | HTML

18
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Helpful links and tools

Title Description Link

HTTP status check This tool can be used to manually check https://httpstatus.io/
whether the download link of your data is
accessible or not. After the check, the tool
states the status code of the link — the
colour of the status code indicates
whether the link works properly or not
(open source).

Request URL Status codes

> https://data.europa.eu/data/datasets
/eu-milk-market-observatory-eu-
production-of-main-dairy-products-
summary?locale=en

Request URL Status codes

> https://data.europa.eu/data/euodp/dataset
/e4c9253d-ab72-43cc-8ec4-25952eeb278e
/resource/6fd65cf7-b32¢c-458c-869e-329757aa7412
/download/elrc310englishbulgarianlegal-

termsmd.xml

HTTP status codes This site provides a list of all status codes  https://www.iana.org/assignments/
and their meanings (open source). http-status-codes/http-status-codes.
xhtml

1.1.3. Interoperability

1.1.3.1. Formatting of date and time

Dimension Interoperability
Indicator Conformity/compliance
Metrics - Conformity of date formats

Data (and metadata) often contains dates and times. Depending on the regional con-
ditions, there are different ways of stating dates, which can lead to confusion. The fol-
lowing example highlights the issue with ambiguous date formats: 01/02/2020 could
mean either 1 February 2020 or 2 January 2020, depending on a country’s customs.
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Therefore, date and time should always be encoded as ISO 8601 (YYYY-MM-DD hh:m-
m:ss). If applicable, the time zone used should be stated. The time zone is always
derived from Coordinated Universal Time (UTC).

The examples below show a CSV table with data about page visits. In the bad ex-
amples, the time format does not follow a consistent schema, making it very hard to
process correctly. In contrast, the good examples show the same data with all times-
tamps formatted using ISO 8601 encoding.

n Bad example Good example

Year; Visitors, Viewing time Year; Visitors; Viewing time
2014;768954;3:18 2014;768954;00:03:18
2013;822101;00:02:59 2013;822101;00:02:59
2012;792967,0:02:52 2012;792967;00:02:52
2011;721519;03:44 2011;721519;00:03:44
2010;707402;3m:50s 2010;707402;00:03:50
2009;429430;3:16 2009;429430;00:03:16

n Bad example Good example
Start Date; End Date Start Date; End Date
01.01.2014; 31.03.2014 2014-01-01; 2014-03-31

01.01.2014; 30.06.2016 2014-01-01; 2016-06-12
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Helpful links and tools

Title Description Link

150 standard for date and time Anintroduction to IS0 8601 fordateand  https://www.iso.org/is0-8601-date-and-
time formats (open source / commercial). ~ time-format.htm|

DenCode IS0 date and time generator, encoderand  https://dencode.com/date/iso8601
decoder. This tool helps you to convert
your data into IS0 8601 formats (open

source).
DenCode Enjoy Encoding & @English» =
Decoding!
Pl 11}
17.10.2020
|
B
&
+0100 Europe/Berlin v
® Encoded
1S08601 Date 00171001T0O00000+0100

1SO8601 Date (Extend) 0017-10-01700:00:00+01:00
1SO8601 Date (Week) 0017-W39-5T00:00:00+01:00
1SO8601 Date (Ordinal)0017-274T00:00:00+01:00

1.1.3.2. Formatting of decimal numbers and numbers in the thousands

Dimension Interoperability
Indicator Conformity/compliance
Metrics —

Data often contains numbers. In this section we do not want to give detailed infor-
mation on how to handle different numeric types (integer, float, double), but rather
recommendations on how to deal with numbers in a more general sense. For example,
a comma is often used to separate whole numbers from decimals. This might cause
problems, for example in a CSV file when the separator between the values is set as
a comma. To avoid the unintended interpretation of a comma separating a whole
number from a decimal, a dot should be used instead.

When dealing with large numbers, sometimes a thousand separator is used, for example
a dot or white space. Again, this can lead to misinterpretation — especially when the
data is being processed automatically — and might mean the user has to clean the data
before they can reuse it. Thousand separators should therefore not be used.


https://www.iso.org/iso-8601-date-and-time-format.html
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n Bad example Good example

0,53 0.53

789.654 789654
789 654 789654
25.026,8 25026.8

1.1.3.3. Make use of standardised character encoding

Dimension Interoperability
Indicator Conformity/compliance
Metrics « Character encoding issues

In order to make sure that characters are displayed correctly, and to ensure the great-
est possible compatibility with applications processing data, a standardised charac-
ter encoding should always be used. Typically, UTF-8 is the encoding of choice on
the web. UTF-8 is a character encoding for Unicode, an international standard for the
representation of all meaningful characters. With this, all characters, whether Latin
alphabet or Japanese characters, are displayed correctly. To ensure that your data can
be blended and reused with other data from international sources and to avoid prob-
lems during machine processing, it is helpful to use an internationally recognised and
widely used character set encoding from the outset.

However, in general you should avoid using any special characters in your data, even
if they are part of UTF-8. In doing so, backward compatibility with older systems is
encouraged.

Depending on the program you are using, UTF-8 must be activated explicitly in the
‘Save-As’ dialogue. In Microsoft Excel and in LibreOffice Calc, for example, you can
select the character encoding explicitly when saving a CSV file. If a different character
set than UTF-8is used in your data, it is essential to specify this in the metadata. DCAT-
AP does not specify a dedicated field for this information. However, Inspire suggests
adding this type of information to the ‘media type’ description ().

() https:

encoding

-svn jrc.ec.europa.eu/projects/metadata/wiki/INSPIRE_profile_of _DCAT-AP_-_Reference#Character-


https://ies-svn.jrc.ec.europa.eu/projects/metadata/wiki/INSPIRE_profile_of_DCAT-AP_-_Reference#Character-encoding
https://ies-svn.jrc.ec.europa.eu/projects/metadata/wiki/INSPIRE_profile_of_DCAT-AP_-_Reference#Character-encoding
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Bad example

This screenshot shows a data set which does not use UTF-8, as you can see in the
text highlighted in yellow.

10 Trends Transforming Education as We Know It 2017-11-14T00:00:00+01:00
Back in the Game &4€" R iming Europea€™s Digital Leadership  Video Explai 2017-11-13T00:00:00+01:00
Nord Stream 2 4€” Divide el Impera Again? Avoiding a Zero-Sum Game  2017-10-27T00:00:00+02:00

Good example

This screenshot shows the same data set, this time encoded in UTF-8.

V 10 Trends Transforming Education as We Know It 2017-11-14T00:00:00+01:00
Back in the Game — Reclaiming Europe’s Digital Leadership Video Explainer 2017-11-13T00:00:00+01:00
Nord Stream 2 = Divide et Impera Again? Avaiding a Zero-Sum Game 2017-10-27T00:00:00+02:00

Helpful links and tools

Title Description Link
UTF-8 validator This online tool helps you check your https://onlineutf8tools.com/
input for valid UTF-8 encoding (open validate-utf8
source).
utfg utf8 status

t, thumbnail, issvebu 3 V Hooray!

This UTFE input

tential opportun
.europa. eu/epsc/

Import Trom file Save Copy to clipboard Chaan with. Save Copy to clipboard
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(SVLint You can use this tool to check whether https://csvlint.io
your CSV file contains any encoding
issues. If the tool detects that your CSVis
encoded in UTF-8 but contains invalid
characters, you will get an error message
(open source).

Structural problem: Invalid Encoding on row 1
1

Your CSV appears to be encoded in uTF-2, but invalid characters were found. This can often
be caused by copying and pasting data from a different source.

1.1.4. Reusability

1.1.4.1. Provide an appropriate amount of data

Dimension Reusability
Indicator Relevance
Metrics « Appropriate amount of data

Depending on the data to be published, the meaning of the term ‘appropriate’ can
differ greatly. It is important to publish all relevant data, but caution should be taken
not to blindly publish all available data without considering its usefulness. On the
other hand, data publishers have to make sure that a sufficient amount of the data is
published, so that there is enough context and users can derive value from it. It would
be rather useless for data users to find a CSV file with only two lines.

However, there is no clear indication of what an appropriate amount of data is, as
this is highly dependent on the purpose a user has in mind. To find a good balance,
you could start by asking yourself whether all the data you are about to publish really
provides value to others. If not, you could think about reducing your data if it seems
like a large amount. On the other hand, you could ask yourself if the amount of data
you want to publish is sufficient for users to make sense of it and to add value, or if you
should add more data or context.

Bad example

N The file in the screenshot contains
n Name Size fictitious traffic data aggregated over
the course of 6 years. In total, the file
is nearly 1GB in size. If users are only

interested in data for 1 year, they still
have to download the entire file.

El-] traffic_2010-2015.csv 976,563 KB
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Good example

“ In contrast, this screenshot shows the
Name Size same data split by year. This way, the
file size remains reasonable and users
can download the exact files they
need. Each file should be published in

a separate data set.

traffic_2010.csv
traffic_2011.csv
traffic_2012.csv
traffic_2013.csv
traffic_2014.csv
traffic_2015.csv

1.1.4.2. Consider community standards

Dimension Reusability
Indicator Consistency
Metrics « Compliance with community standards

Community standards are a powerful tool for ensuring conformity across files and for-
mats of a common domain. Using community standards makes it easier to reuse data,
as all data following the same standard looks similar — for example it is organised in a
standardised way, the documentation follows a common template or a common vo-
cabulary is used. Lots of different community standards exist, for example standards
for specific domains such as climate and forecast, astrophysics or statistical data. But
there are also non-domain-specific standards, such as DCAT-AP, a standard for storing
data catalogue metadata.

Depending on the use case, there may be validators that aid in checking files against
such a standard. Ensuring the compliance of files against community standards greatly
helps reusability and eases further processing. To make sure that your data is being
reused, you should consider using community standards.

Bad example

This screenshot shows a message from a SHACL validation which produced an error
against the DCAT-AP community standard. More precisely, the value that was at-
tached to the property dcterms:publisher was not of the required type.

n EMIS - List of Web services

http://purl.org/dc/terms/publisher Value does not have class http://xmins.com/foaf/0.1/Agent
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Good example

This screenshot shows a data set with an XML resource that conforms to its schema.

Resources

3 DOWNLOAD Consolidated Financial Sanctions File 1.0 | csv

| & DOWNLOAD Consolidated Financial 5anctions File 1.0 | xmu |

3 DOWNLOAD Consolidated Financial Sanctions File 1.1 | csv

| & DOWNLOAD Consolidated Financial Sanctions File 1.1 | xm1 |

& DOWNLOAD Consolidated Financial Sanctions in PDF Format  pDF
& DOWNLOAD EU sanctions map | HTML
&, DOWNLOAD Financial Sanctions Files (FSF) website | HTML

& DOWNLOAD Sanctions List | RSS FEED

Documentation

&, DOWNLOAD Consolidated Financial Sanctions File (XSO schema 1.0) XML SCHEMA

&, DOWNLOAD Consolidated Financial Sanctions File (XSD schema 1.7) | XML SCHEMA

Helpful links and tools

Title Description Link

FAIR list of community standards  List of community standards for various  https://www.go-fair.org/fair-principles/
domains (open source). r1-3-metadata-meet-domain-rele-
vant-community-standards/

SHACL validator This online tool allows you to validate https://shacl.org/playground/
your RDF files against a given standard
(open source).

1.1.4.3. Remove duplicates from your data

Dimension Reusability
Indicator Consistency
Metrics « Freeness from duplicates

Each piece of data should be unique. Duplicate data is of no additional value. Instead,
it lowers the quality of the data as it might cause errors during further processing. For
example, a data user performing analytics on the data will receive biased results as
some data are duplicates.
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Examples

The table labelled ‘bad example’ shows a CSV file where some rows are duplicates.
In contrast, the rows in the table labelled ‘good example’ are all distinct, and no row
carries the same information as another one.

n Bad example Good example

Year; Visitors; Viewing time Year; Visitors; Viewing time
2014:768954;00:03:18 2014,768954;00:03:18
2013;822101;00:02:59 2013;822101;00:02:59
2013;822101;00:02:59 2012,792967;00:02:52
2011;721519;00:03:44 2011;,721519;00:03:44
2010;707402;00:03:50 2010;707402;00:03:50
2010;707402;00:03:50 2009;429430;00:03:16

Helpful links and tools
Most ETL tools provide functions for detecting missing data and handling null values.

1.1.4.4. Increase the accuracy of your data

Dimension Reusability
Indicator Accuracy
Metrics « Percentage of accurate cells

Accuracy can be measured in many dimensions. What accuracy means specifically,
how itis measured and what result is deemed acceptable always depend on the spe-
cific use case. For example, in CSV files, each cell of a column could be checked for
accuracy against an encoding format, for example I1SO 8601 for dates. The ratio be-
tween accurate and inaccurate cells could then give users a first impression of what to
expect from the data and how difficult processing may be. Higher accuracy is typically
an indicator of higher-quality data.

Examples

When evaluating the conformity of the ‘Viewing time’ column against I1SO 8601 en-
coding, the table labelled ‘bad example’ would score an accuracy rating of 50 %, since
half of the cells follow this time format. In contrast, the table labelled ‘good example’
would yield an accuracy score of 100 %, since all timestamps are correctly encoded.
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n Bad example Good example

Year; Visitors; Viewing time Year; Visitors; Viewing time
2014;768954;3:18 2014;768954;00:03:18
2013,822101;00:02:59 2013;822101;00:02:59
2012;792967;0:02:52 2012,792967;00:02:52
2011;721519;03:44 2011;721519;00:03:44
2010;707402;3m:50s 2010;707402;00:03:50
2009;429430;3:16 2009;429430;00:03:16

1.1.4.5. Provide information on byte size

Dimension Reusability
Indicator Accuracy
Metrics - Content size accuracy

When publishing data, it is good to also provide information on the distributions’ byte
size. This information helps users and automated processes to anticipate what to ex-
pect before downloading the actual file. Also, this information enables filtering by size.

Bad example

This screenshot shows a distribution without the dcat:byteSize property set.

<dcat:Distribution rdf:about="https://example.org/sample-distribution">
<det:title> Sample Title< /det:title>
<dect:language rdf:resource="http://publications. europa.eu/resource/authority/language/DEU" />
<deat:downloadURL rdf:resource="https://example.org/download"/ >
</deat:Distribution>

Good example

This screenshot shows a distribution for which the dcat:byteSize property is set.

<dcat:Distribution rdf:about="https://example.org/sample-distribution">

<det:title>Sample Title</det:title>

<det:language rdf:resource="http://publications.europa.eu/resource /authority/language/DEU"/>

<deat:downloadURL rdf:resource="https://example.org/download"/>

<deat:byteSize rdf:datatype="http://www.w3.org/2001/XMLSchema#decimal”> 12168</dcat:byteSize>
</deat:Distribution>
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1.2. Format-specific recommendations
1.2.1. CSV

Please check the general recommendations in Section 1.1, which also apply to CSV
files.

1.2.1.1. Use a semicolon as a delimiter

Dimension Interoperability
Indicator Machine readability/processability
Metrics « Processability of file format and media type

Even though the name ‘CSV’ (comma separated values) implies the use of commas as
separators between each value, we recommend using semicolons instead. Commas
are often used in the values themselves (for example when using decimal numbers). To
avoid a comma being interpreted as a separator, it would need to be masked. Masking
is not a problem in itself, but it can be a source of error if you overlook a comma that
needs to be masked. Semicolons are used less often within the actual values and
should thus be used as delimiters in CSV files.

The delimiter is always set between two values, and the last value in line is not fol-
lowed by a delimiter as depicted in the examples. Make sure that there are no spaces
or tabs on either side of the delimiters in the row.

n Bad example Good example

Year; Visitors; Viewing time; Year; Visitors; Viewing time

2013; 822101;00:02:59; 2013;822101;00:02:59

2012;792967;00:02:52; 2012;792967;00:02:52

2011; 721519;00:03:44; 2011;721519;00:03:44

2010;707402;00:03:50; 2010;707402;00:03:50 .
2009;429430;00:03:16; 2009;429430;00:03:16
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Helpful links and tools

Title Description Link

(SVLint This online tool helps you to detect white  https://csvlint.io
space between delimiters and values
(open source).

Structural problem: U p d whitesp on row 43

M i ie » ie|Mettler|| 15-Kit|Aa de brodat POLY SHEEW® KIT NEUTRAL
5, 8 BUCATI, METTLER|“PSB-MEUTRALS Kit-ul " contine 8 de culori frumoase, care au o lungime de 20
@m. POLY SHEEN® creeaza o suprafatd ce reflecta lumina, motiv pentru care striluceste frumos. Mai
mult, POLY SHEEN® are o...|https://masinid t.rofat. ton-poly-sh kit trals-8-bucati-m
ettler.html|https://masinidecusut.ro/media/catalog/product/cache/20002c167cabladzef667a70066bc led
[pfofpoly_sheen_neutrals_Ser_l.jpgla6.00|Ron]e|In stoc|

Quoted columns in the CSV should not have any leading or trailing P
Remove any spaces, tabs or other whitespace from either side of the delimiters in the row.

1.2.1.2. Use one file per table

Dimension Interoperability

Indicator Conformity/compliance
Machine readability/processability

Metrics - Data following a given schema

« Processability of file format and media type

Each CSV file should only contain one table. If the table to be published consists of
several sheets, a CSV file should be created for each sheet. Different structuring would
break table structure and hinder machine interpretability.
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n Bad example Good example

File: View_And_Country_Statistics.csv File: View_Statistics.csv
Year;Visitors;Viewing time Year;Visitors;Viewing time
2014;768954;00:03:18 2014;768954;00:03:18
2013;822101;00:02:59 2013;822101;00:02:59
2012,792967;00:02:52 2012,792967;00:02:52
2011;721519;00:03:44 2011;721519;00:03:44
2010;707402;00:03:50 2010;707402;00:03:50
2009;429430;00:03:16 2009;429430;00:03:16

File: Country_Statistics.csv

Country;Population;Capital Country;Population;Capital
Germany;83149300;Berlin Germany;83149300;Berlin
Finland;5517919;Helsinki Finland;5517919;Helsinki
France;66993000;Paris France;66993000;Paris
Spain;47100396;Madrid Spain;47100396;Madrid
Italy;60262701;Rome Italy;60262701;Rome

1.2.1.3. Avoid white space and additional information in the file

Dimension Interoperability

Indicator Conformity/compliance
Machine readability/processability

Metrics « Data following a given schema

« Processability of file format and media type

It is important to ensure that the file only contains data which belongs to the actual
table, like column headers and values of the relevant table entries. Often, tabular data
is added, for example table titles and empty rows. This can give more visual clarity
for human beings, but can lead to difficulties when automatically processing data,
because blank lines and table titles are also interpreted automatically. This is illustrated
in Figure 5 and Figure 6.

Figure 5 shows a spreadsheet which is well arranged for human beings, with a table
title (blue) and blank lines (yellow). Figure 6 shows the same data in a text editor. The
table title line (blue) and the blank lines (yellow) have been interpreted. As this can
lead to failures in processing, additional content other than column headers and actual
values, i.e. table titles and blank lines, should be avoided.
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Retrieval statistics website XY, 2009-2014

Year Visitor Viewing time Viewing time per page
2014 768954 00:03:18 00:00:45
2013 822101 00:02:59 00:00:44
2012 792967 00:02:52 00:00:42

Figure 5. Blank lines and titles opened in a spreadsheet

Retrieval statistics website XY, 2009-2014

”r

Year; Visitors; Viewing time per Visitor; Viewing time per page

sor
"

2014;768954;00:03:18; 00:00:45

2013;822101;00:02:59; 00:00:44

2012;792967,00:02:52; 00:00:42

Figure 6. Interpretation of blank lines and titles in CSV files

Explanations, modification dates, sheet names, etc. are not part of a CSV file and
should be listed in the metadata of the resulting data set.

NB: Do not confuse sheet names with column headers. The latter is part of the actual
data and should thus be included in the first row.

Bad example

The following example contains some additional information and formatting next to
the actual content data, which makes it difficult to automatically process the data.
The issues are labelled with a text box.

n Table: Smallpox, surveillance systems overview, 2014

cﬂlﬁl.ll’il’tg Data reported by .CliedEﬂl\-I"ml used

[p 1

|Data source

= < < =< [
- =

—— Explanations
:m and Control. Annte L ereerrrepore2016. Smalpox. Stackholm: ECDC; 2016.
- 016. Reproduction & authorsed, provided the source & admovdedged
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How to address these issues

Title Delete the title in the actual CSV file. Instead, the title is represented
within the name of the distribution.

Resources

& DOWNLOAD Smallpox - Annual Epidemiological Report for 2014 | PDF

3 DOWNLOAD Smallpox - surveillance systems overview, 2014 | EXCEL XLSX

Double header (SVfiles should only contain one header line. The good example below
indicates how the double header line can be resolved in this case.

Empty lines Delete all empty lines as they do not provide any extra value and make
data processing difficult.
Explanations Explanations can be very helpful for users to get a better understanding of

your data, but do not put them directly in the CSV file. Instead,
explanations and descriptions should be stored in suitable metadata
properties, for example dct:description. Another option is to store the
metadata in a dedicated document. This should then be linked to the data
set containing the data to be documented.

The European Surveillance System (TESSy)

This page describes who has the right, and how to access and use data from TESSy.

Related documents

TESSy metadata report
Several sheets A CSVfile should only contain one sheet. To solve this issue, you could
provide yearly data in a separate data set.
Resources

3, DOWNLOAD Surveillance systemns overview tables for 2015  EXCEL LS
& DOWNLOAD Surveilfance systems overview tables for 2017  EXCEL X1S
3, DOWNLOAD Surveilfance systems overview for 2018 | EXCEL XLSX

&, DOWNLOAD Surveillance systems overview tables for 2016  EXCEL XLS
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Good example

The good example below shows a cleared version of the same data. All additional
information has been removed.

Country  Data source reported by bboratores reported by physcons reported by hospZals reported by others Case definton used
Austa  AT-Epdemegesets ¥ ¥ ¥ ¥ ¥
Beigum  BE-FLA_FRA ¥ ¥ ¥ Y Y
Bulgara  BG-NATIONAL_SURVEILLANCE ¥ ¥ ¥ Y Y
Cyprus CY-HOTIFIED_DISEASES L) ¥ N N ¥

Helpful links and tools
Title Description Link
(SVLint This online tool helps you to detectblank  https://csvlint.io

rows within your CSV file. It also checks
whether your (SV contains a title (open
source).

Structural problem: Possible title row detected

Your CSV seems to contain unstructured text at the beginning of the file.
It is important that your CSV only contains structured data - any background information or
metadata should be included on a referring web page or accompanying document.

1.2.1.4. Insert column headers

Dimension Interoperability

Indicator Conformity/compliance
Machine readability/processability

Metrics - Data following a given schema

« Processability of file format and media type

Column headers should always be included in the first row of a CSV file. Without head-
ers, it is difficult for users to interpret the meaning of the data. Therefore, it is also
important that the column headers be chosen so that the meaning of the associated
values can be clearly identified. There are no specific recommendations regarding
headers made up of more than one word. Spaces are allowed in the headers as well
as the actual fields.
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The following bad example shows a CSV file with no headers. The good example

depicts how a header line could look.
n Bad example Good example
Year; Visitors; Viewing time

2014;768954;00:03:18 2014;768954;00:03:18
2013;822101;00:02:59 2013;822101;00:02:59
2012;792967,00:02:52 2012;792967,00:02:52
2011;721519;00:03:44 2011;721519;00:03:44
2010,707402;00:03:50 2010,707402,00:03:50
2009;429430;00:03:16 2009;429430;00:03:16

If the column headers are not self-explanatory, a corresponding explanation should
be included in the metadata, for example in the field for description. Alternatively, the
explanations can also be put into separate files and linked via the foaf.page property.
Further recommendations on how to document data can be found in Part 3. The fol-
lowing example shows a CSV file with a header line that is not self-explanatory. In this
case, it is useful for data users not familiar with the data set to have more information
about the meaning of the headers. However, data publishers should pay particular
attention to the labelling of their headers. If they are clear and understandable for
everyone, providing additional explanations in metadata is not necessary.

|LOC_NN\«"IE,"COUI"ITR\"_I\IN\FIE","LOC_L.MTITI.IDE"‘,"I.OC_I.(;Z‘NGITUDE","ST‘I’_DESCRIPTION","STR_DESCRIF’TION",'I
ADMONT Austria,47.583333,14.466667,"MILK COW, NOT FURTHER SPECIFIED",UNSPECIFIED,2005-01-18 00:00:0
ADMONT Austria,47.583333,14.466667,"MILK COW, NOT FURTHER SPECIFIED",UNSPECIFIED,2005-01-18 00:00:0
ADMONT,Austria,47.583333,14.466667,"MILK COW, NOT FURTHER SPECIFIED",UNSPECIFIED,2005-03-15 00:00:0
ADMONT Austria,47.583333,14.466667,"MILK COW, NOT FURTHER SPECIFIED",UNSPECIFIED,2005-03-15 00:00:0
ADMONT Austria,47.583333,14.466667,"MILK COW, NOT FURTHER SPECIFIED",UNSPECIFIED,2005-05-24 00:00:0
ADMONT,Austria,47.583333,14.466667,"MILK COW, NOT FURTHER SPECIFIED",UNSPECIFIED,2005-05-24 00:00:0
ADMONT Austria,47.583333,14.466667,"MILK COW, NOT FURTHER SPECIFIED",UNSPECIFIED,2005-07-26 00:00:0

Helpful links and tools

Title Description Link

(SV on the web W3C primer for the use of CSV on the
web. Section 1.1 explains the structure of

a(SV and refers to headers (open source).

https://w3c.github.io/csvw/primer/




:. 1. Recommendations for providing high-quality data

1.2.1.5. Ensure that all rows have the same number of columns

Dimension Interoperability

Indicator Conformity/compliance
Machine readability/processability

Metrics - Data following a given schema

« Processability of file format and media type

Itis very important that each row has the same number of columns and thus follows
the structure of a CSV. This means that each row should have the same number of
delimiters. If one row is missing a value, this usually gets interpreted as ‘null’. This can
lead to erroneous processing of data.

If your CSV contains rows with a different number of columns, you should check
whether there is an issue with incorrectly escaped values (e.g. a value contains a semi-
colon which is not masked and thus gets interpreted as a delimiter).

n Bad example Good example

Year, Visitors Year; Visitors; Viewing time
2014;768954;00:03:18; 2014;768954;00:03:18
2013;822101 2013;822101;00:02:59
2012;792967,00:02: 52; 2012;792967;00:02:52
2011;721519;00:03:44; 2011;721519;00:03:44
2010; 00:03:50 2010;707402;00:03:50
2009;429430;00:03:16; 2009;429430;00:03:16

Helpful links and tools

Title Description Link

GoodTables GoodTables is a tool to validate tabular https://frictionlessdata.io/tooling/good-
data and checks, for example whetherall  tables/#a-simple-example
rows have the same number of columns
(open source).

(CSVLint This online tool helps to detect rows that ~ https://csvlint.io
contain a different number of columns
(open source).



https://frictionlessdata.io/tooling/goodtables/#a-simple-example
https://frictionlessdata.io/tooling/goodtables/#a-simple-example
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1.2.1.6. Indicate units in an easily processable way

Dimension Interoperability

Indicator Conformity/compliance
Machine readability/processability

Metrics - Data following a given schema

« Processability of file format and media type

Numeric values should follow the general recommendations given in Section 1.1.
A value’s unit should be stated in the relevant column header so that the unit be-
comes clear to the user. Additionally, the unit of measurement used in the data can be
referenced in the corresponding stat:dcat metadata.

If the unit varies, a dedicated column for the unit should be used. Putting the unit
directly behind the numeric value in one cell makes it harder for users to process the
data. Ideally, the corresponding values from the controlled vocabulary () should be

used.
n Bad example Good example
Ingredient Amount Ingredient Amount Unit
Carbohydrates 169 Carbohydrates 16 g
Magnesium 2mg Magnesium 20 mg
Better example
Ingredient Amount Unit
Carbohydrates 1 <http://pubI|cat|9ns.europa.eu/resource/authorlty/
measurement-unit/GRM>
) <http://publications.europa.eu/resource/authority/
Magnesium 0 measurement-unit/MGM>
(%) https://op.europa.eu/en/web/eu-vocabularies/at-dataset/-/resource/dataset/measurement-unit



https://op.europa.eu/en/web/eu-vocabularies/at-dataset/-/resource/dataset/measurement-unit

:. 1. Recommendations for providing high-quality data

1.2.2. XML

Please check the general recommendations in Section 1.1, which also apply to XML
files.

1.2.2.1. Provide an XML declaration

Dimension Reusability
Indicator Consistency
Metrics « Compliance with community standards

Each XML file should have a complete XML declaration. This contains metadata
regarding the structure of the document and is important for applications to prop-
erly process the file. For example, information regarding XML version and character
encoding are typically present in the declaration.

n Bad example <fruits>
<fruit>
) <type>Apple</type>
I(R)\it/?;]egjthao(;;gzg;s; <origin>Germany</origin>
<drupe>true</drupe>
</fruit>
</fruits>
Good example <?xml version="1.0" encoding="UTF-8"?>
<fruits>
Th h h <fruit>
S e opeapplecires
oroperly formatted dec- <origin>Germany</origin>
laration. <drupe>true</drupe>
</fruit>
<fruit>
<type>Grape</type>
<origin>Italy</origin>
<drupe>false</drupe>
</fruit>
</fruits>

1.2.2.2. Escape special characters

Dimension Reusability

Indicator Consistency

Metrics —
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When special characters are used in XML files they need to be escaped. This ensures
a sound file structure and prevents applications used for processing the file from mis-
interpreting the data. Escaping is done by replacing them with the equivalent XML
entities. An overview of the characters is shown in Table 1.

Table 1. Characters that need escaping in XML

Escaped form Replaced by

Ampersand &amp; &

Less than &lt; <

Greater than &gt; >

Quotes &quot;

Apostrophe &apos;

n Bad example This screenshot shows an XML without escaping.

<fruit id="&1">
<type>Apple <</type>
<origin>> Germany</origin>
<description>"Very tasty!"</description>
</fruit>

WA Good example This screenshot shows the same XML with properly
P escaped characters.

<fruit id="& amp;1">
<type>Apple &lt;</type>
<origin>&gt; Germany</origin>
<description>&quot;Very tasty!&quot;</description>
</fruit>

Helpful links and tools

Title Description Link
XML Escape / Unescape Online tool that escapes special charac- https://www.freeformatter.com/
ters in text so they can be used in XML xml-escape.html

(open source).



https://www.freeformatter.com/xml-escape.html
https://www.freeformatter.com/xml-escape.html
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1.2.2.3. Use meaningful names for identifiers

Dimension Reusability
Indicator Consistency
Metrics « Compliance with community standards

All identifiers, whether tags or attributes, should have meaningful names and should
ideally not be used twice. There are no official recommendations regarding the spell-
ing of the identifiers, so you can use, for example, camelCase or PascalCase. However,
different forms should not be mixed together. Furthermore, special characters should
not be used in the identifiers.

n Bad example

This example shows XML
with the fairtrade’ identifi-
er (i.e. the element’s name)
not being written using
PascalCase or camelCase,
making it harder to read by
humans and thus prone to
processing errors.

Good example

This screenshot shows
XML with an identifier
which consists of two
words being concate-
nated via camelCase.

Helpful links and tools

<fruits>
<type>Apple</type>
<origin>Germany</origin>
<drupe>true</drupe>
<fairtrade>true</fairtrade>
</fruits>

<fruits>
<type>Apple</type>
<origin>Germany</origin>
<drupe>true</drupe>
<fairTrade>true</fairTrade>
</fruits>

Title

Title Case

Description

This tool converts phrases consisting of
multiple words into various case formats
(open source).

Link

https://titlecase.com/
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1.2.2.4. Use attributes and elements correctly

Dimension Interoperability
Indicator Conformity/compliance

Machine readability/processability
Metrics - Data following a given schema

« Processability of file format and media type

While there is no mandatory binding directive as to whether data should be encoded
in elements or attributes, it has been established as best practice that information that
is part of the actual data should be represented by elements. Metadata that contains
additional information should instead be implemented as attributes. For example, in
the snippet labelled ‘good example’, the ‘id" is part of the metadata and thus an at-
tribute of a ‘fruit’ type element. In the snippet labelled ‘bad example’, information has
been encoded in attributes for which elements should have been used instead.

n Bad example

This screenshot shows
XML in which data has
been encoded using at-
tributes  where elements
would have been more
suitable.

Good example

<fruit type="apple" drupe="true" id="1">
<origin>Germany</origin>
</fruit>

<fruit id="1">

This screenshot shows <type>Apple</type>

XML in which data and <origin>Germany</origin>

metadata have been en- <drupe>true</drupe>

coded using elements </fruit>

and attributes correctly.

Helpful links and tools

Title Description Link

XML specification W3C recommendations for XML (open https://www.w3.0rg/TR/2006/REC-
source). xml11-20060816/

a1



m 1- Recommendations for providing high-quality data

1.2.2.5. Remove program-specific data

Dimension Interoperability

Indicator Conformity/compliance
Machine readability/processability

Metrics - Data following a given schema

« Processability of file format and media type

XML, as with any open format, should always be independent of specific programs or
tools used for processing the files. This allows the user to choose the tool they prefer
for processing the data without having to sanitise it first.

This screenshot shows XML which contains a version
number of a hypothetical program that has been used

n Bad example for the creation or processing of the file. This informa-
tion does not add anything to the data and should
thus be removed.

<fruits>
<fruitid="1">
<type>Apple</type>
<description>Very tasty</description>
</fruit>
<fruits>
<createdWith version="1.0">myXmlTool</createdWith>

1.2.3. RDF

Please check the general recommendations in Section 1.1, which also apply to RDF
files.

1.2.3.1. Use HTTP URIs to denote resources

Dimension Interoperability

Indicator Conformity/compliance
Machine readability/processability

Metrics - Data following a given schema

« Processability of file format and media type

Resource IDs should be HTTP URIs, since ideally these allow direct access to the
resource in question. They also make resources indexable by search engines, which
enhances their findability. This only applies, however, if these identifiers are persistent
and do not contain volatile information, for example credentials.
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n Bad example This screenshot shows a resource in RDF/XML which
is not denoted via HTTP URL.

<vcard:hasAddress rdf:resource=""myAddress">

Good example This screenshot shows a resource in RDF/XML which
is denoted via HTTP URI.

<vcard:hasAddress
rdf:resource="http://www.w3.org/2006/vcard/ns#myAddress">

1.2.3.2. Use namespaces when possible

Dimension Reusability
Indicator Consistency
Metrics « Compliance with community standards

While namespaces are not required for processing RDF, they reduce verbosity and
file size. Similarly to the recommendations regarding plain XML, identifiers for classes
should be written in PascalCase while identifiers for properties are typically written in
camelCase.

n Bad example RDF without namespaces and identifier conventions
applied can be harder to read.

<rdf:rdf>
<rdf:description rdf:about="http://myresource">
<http://mynamespace#myproperty>Sample
</http://mynamespace#:myproperty>

</rdf:description>
</rdf:rdf>
This screenshot shows the use of namespaces as
"4 Good example well as conventions for class and property identifiers,

which improves readability.

<rdf:RDF xmlIns:myNamespace="http://myNamespace#">
<rdf:Description rdf:about="http://myResource">

<myNamespace:myProperty>Sample</myNamespace:myProperty>
</rdf:description>
</rdf:rdf>
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Helpful links and tools

Title Description Link

Ontotext Tool that allows import of structured https://www.ontotext.com/products/
data and conversion to RDF data. During  ontotext-platform/
the import namespaces can be defined.
(commercial / open source).

Anzo Platform that allows transformation of https://www.cambridgesemantics.com/
structured and semi-structured datainto  product/
RDF graphs. Querying data and analysis
thereof is then possible on the graph.
(commercial / open source).

OpenRefine OpenRefine is a refinement tool for https://openrefine.org/
cleaning data. It features a built-in
exporter to generate RDF files (open

source).
Trifacta Wrangler Trifacta Wrangler is a suite of data prepa- ~ https://www.trifacta.com/products/
ration tools. It allows transformation wrangler-editions/#wrangler

of different formats, thereby cleaning
and merging data. RDF is among the
supported formats (commercial).

1.2.3.3. Use existing vocabularies when possible

Dimension Interoperability

Indicator Conformity/compliance
Machine readability/processability

Metrics « DCAT-AP compliance of metadata
« Conformity of file formats and licences
« Conformity to access property values
- Data following a given schema

« Usage of controlled vocabularies

Existing vocabularies should be reused whenever possible. The Publications Office
provides such vocabularies for use with DCAT-AP (7).

This screenshot shows the licence of a data set refer-

n Bad example enced without using the controlled vocabulary. This
makes further processing much harder and is error
prone with regard to spelling.

<dcterms:license rdf:resource="http://CC_BY_4_o0"/>

() https://op.europa.eu/en/web/eu-vocabularies/


https://www.ontotext.com/products/ontotext-platform/
https://www.ontotext.com/products/ontotext-platform/
https://www.cambridgesemantics.com/product/
https://www.cambridgesemantics.com/product/
https://www.trifacta.com/products/wrangler-editions/#wrangler
https://www.trifacta.com/products/wrangler-editions/#wrangler
https://op.europa.eu/en/web/eu-vocabularies/
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This screenshot shows the same licence being refer-
Good example enced using the controlled vocabulary published by

the European Commission.

<dcterms:license rdf:resource=

http://publications.europa.eu/resource/authority/licence/CC_
BY_4_o/>

Helpful links and tools

Title Description Link

EU Vocabularies EU Vocabularies provides access to https://op.europa.eu/en/web/eu-vo-
vocabularies managed by the EUinstitu-  cabularies
tions and bodies (open source).

Ontorion This tool is a plugin for Microsoft Excel https://www.cognitum.eu/semantics/
2010 and 2013 that can be used toimport ~ Tools/Sparq|ExcelTools.aspx
RDF data into Excel from a SPARQL
endpoint, thereby converting RDF to XLS
(open source).

1.2.4.JSON

Please check the general recommendations in Section 1.1, which also apply to JSON
files.

1.2.4.1. Use suitable data types

Dimension Interoperability
Indicator Machine readability/processability
Metrics « Processability of file format and media types

JSON permits the following data types.
+ Null value (absence of a value), represented by the keyword null’.
- Boolean values, either true or false.

- Strings, where the masking of single characters works the same way as with CSV
files.

+Numbers and simple sequences of the digits 0-9, optionally with a sign and/or
decimal point.

- Lists, also called arrays, enclosed in square brackets, the individual elements sepa-
rated by commas. Lists can also be empty.

- Objects, enclosed in curly brackets and containing any number of comma-
separated key-value pairs.


https://op.europa.eu/en/web/eu-vocabularies
https://op.europa.eu/en/web/eu-vocabularies
https://www.cognitum.eu/semantics/Tools/SparqlExcelTools.aspx
https://www.cognitum.eu/semantics/Tools/SparqlExcelTools.aspx
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For further processing it is important to use suitable data types. For example, numbers
should be encoded using the number type, and Boolean values using the Boolean
type. This prevents errors stemming from encoding prohibited values, for example a
value other than ‘true’, ‘false’ or 'null’ for Boolean fields.

n Bad example

{
This screenshot shows "type": "apple",
a JSON file with various "fairTrade": "true",
data types. All information "amount": "5"
has been encoded using 3
strings, regardless of the
underlying data type.
Good example

{
This screenshot shows "type": "apple",
the same JSON file, this "fairTrade": true,
time with dedicated data "amount": 5
types where applicable. 3
Helpful links and tools
Title Description Link
JSONLint This online tool checks whether your https://jsonlint.com

input s valid JSON (open source).

1.2.4.2. Use hierarchies for grouping data

Dimension Interoperability
Indicator Machine readability/processability
Metrics « Processability of file format and media types

Instead of attaching all fields to the root JSON object, data should be semantically
grouped. This improves readability by humans and can enhance performance when
processing the file. Also, many tools allow collapsing objects and arrays, which allows
users to quickly navigate the desired information.
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n Bad example
This screenshot shows a {..,[ o "anple”
JSON file with grouped N y%). ) PI6) ’
data. All information has "ca cum '?"
been attached to the root "H,lag"r.lesmm 50
object. For objects with Zme 0.0
a larger number of fields, ¥
this can quickly reduce
readability.
Good example

{
The screenshot shows "type": "apple",
the same JSON file with "nutrients": {
semantically grouped data. "calcium™ 6.0,

"magnesium": 5.0,
"zinc" 0.0

¥
1.2.4.3. Only use arrays when required
Dimension Interoperability
Indicator Machine readability/processability
Metrics « Processability of file format and media types

Data should only be encoded into arrays if the size of the list is dynamic, i.e. not known
beforehand or subject to change. If this is not the case, using explicit fields makes
further processing easier. In addition, it cannot be guaranteed that the values in an
array are always provided in the same order, which makes the data prone to erroneous
interpretation.
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n Bad example

This screenshot shows a
JSON file with array usage,
butitis unclear what type of
nutrients the values are re-
ferring to. Dedicated fields
would have been more
useful in this scenario.

Good example

This screenshot shows a
JSON file in which array
usage is useful.

1.2.5. APIs

{
utypeu: "apple",
"nutrients": [6.0, 5.0, 0.0]
¥
{
ntypeu: "apple",

"nutrients": {
"calcium"; 6.0,
"magnesium": 5.0,
"zinc": 0.0

Please check the general recommendations in Section 1.1, which also apply to APIs.

1.2.5.1. Use correct status codes

Dimension Accessibility
Indicator Accessibility/availability
Metrics « Access URL accessible

« Download URL accessible

« Downloadable without registration

APIs are typically available via URLs, which should be available publicly without cre-
dentials. These URLs can be called via various methods defined in HTTP. In addition
to the actual payload, each server also sends a status code when answering requests
from clients. These codes provide information on whether the request was served
flawlessly. For example, 200 indicates no problems, whereas 404 indicates that a re-
source was not found. An overview of the available methods and typically used status

codes is shown in Table 2.
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Table 2. Overview of methods and status codes

Description Statuscode

Flawless Errors

(€3] Retrieves a resource without altering it. 200 404

POST Uploads a new resource to the server. 201 400, 401,403
PUT Replaces an existing resource with a new 200, 204 400,401, 403
complete resource.
PATCH Replaces selected parts of a resource 200, 204 400, 401, 403
without replacing it entirely.
DELETE Deletes an existing resource from a 200, 204 400,401,403
SErver.
Bad example
This screenshot shows a GET request
Request on a resource. However, contrary to
- the HTTP standard, the status code
= S it i e i 202 Accepted’ is returned.

Response (0.25s) -

Good example

This screenshot shows a GET request
Request on a resource. As intended by the
- HTTP standard, the correct status code

= . ‘200 OK'is returned.

Responsae (0.255s) -
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Helpful links and tools
Title Description Link
HTTP status codes This site provides a list of all status codes ~ https://www.iana.org/assignments/
and their meanings (open source). http-status-codes/http-status-codes.

xhtml

1.2.5.2. Set correct headers

Dimension Reusability

Indicator Accuracy

Metrics « File format accuracy
- Content size accuracy

In addition to status codes the HTTP standard allows metadata to be encoded via
headers. These are not part of the actual payload (i.e. website or resource) that is re-
quested. However, information of interest to the consumers of the data can be encoded
here. Of course, appropriate headers must be used. Also, the metadata encoded must
be accurate and match the payload. A list of typical headers is shown in Table 3.

Table 3. Typical headers that are used in conjunction with APIs

Header Description

Content-Type (server) Indicates the payload’s MIME () type.

Content-Length (server) Indicates the size of the payload in bytes.

Content-MD5 (server) Indicates the checksum of the payload. A checksum allows the user to
check if the payload has been downloaded in its entirety and not been
corrupted or changed during transmission.

Accept (client) If an endpoint offers a payload in multiple formats, this header can be
used by the client to indicate the desired format. Like the Content-Type
header, a MIME type must be specified.

Bad example

This screenshot shows the two headers ‘Content-Length’

n 200 o« and ‘Content-Type’ returned for a GET request on a resource.

Headers~ However, the ‘Content-Type’ header is incorrect, since JSON
Content-Length: 152 has been returned instead of plain text.

]cennm-wpo: text/plain I
—_—

“code”: 208,
“description™: "0K"

('®) https://www.iana.org/assignments/media-types/media-types.xhtml


https://www.iana.org/assignments/http-status-codes/http-status-codes.xhtml
https://www.iana.org/assignments/http-status-codes/http-status-codes.xhtml
https://www.iana.org/assignments/http-status-codes/http-status-codes.xhtml
https://www.iana.org/assignments/media-types/media-types.xhtml
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Good example

This screenshot shows the two headers
Request ‘Content-Length” and ‘Content-Type'
returned for a GET request on a re-
source. Note that the ‘Accept’ header

Headersv has been sent with the request, indicat-
Accept application/Json ing the desired format of the resource.

GET - https://example.org/my £

Response (0.547s) -

200 ok

Headers~

Content-Length: 151

lmmt-lm: application/json; charset=utf-§ I

{
"code™: 200,

1

Helpful links and tools

Title Description Link
HTTP headers W3CRFCabout HTTP headers (open https://www.w3.org/Protocols/rfc2616/
source). rfc2616-sec14.html

1.2.5.3. Use paging for large amounts of data

Dimension Reusability
Indicator Relevance
Metrics - Appropriate amount of data

Requesting large amounts of data can easily create high loads on the server. In some
cases, not all data is required, or not all at once. In order to reduce this load and in-
crease response times, pagination should be used when applicable. This means slices
of data are served instead of an entire data set. The client can state in the request
which slice to retrieve, as well as its size. This is typically achieved using the parameters
shown in Table 4.

Table 4. Pagination using offset and limit parameters

Parameter Behaviour

Offset Specifies the resource from which to start counting.

Limit Specifies how many resources shall be retrieved.

51


https://www.w3.org/Protocols/rfc2616/rfc2616-sec14.html
https://www.w3.org/Protocols/rfc2616/rfc2616-sec14.html
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This screenshot shows an exemplary call to an AP
Good example supporting pagination. The offset is five and the limit

is three, therefore the results 6, 7 and 8 are returned.

// https://demo.ckan.org/api/3/action/package_list?limit=3&offset=5

{
"help" : "https://demo.ckan.org/api/3/action/help_show?name=package_list",

"success" : true,

"result" : Array [3] [
"02a8c314-e726-44fb-88da-2e535e788675" ,
"02p-expenditure-over-25k-apr-19" ,
"02p-expenditure-over-25k-feb-20"

1

¥

Helpful links and tools

Title Description Link

Postman Tool for making HTTP requests https://www.postman.com/
(commercial / open source).

1.2.5.4. Document the API

Dimension Reusability
Indicator Understandability
Metrics « Description of data given

« Documentation of data given

APIs should be specified as thoroughly as possible. This includes available paths, re-
turned formats and status codes. If an APl allows file uploading, the expected payload
should also be stated. Examples help potential users in using APIs. One standard used
to describe APIs is OpenAPI. It allows either JSON or YAML to be used for describing
APIs.
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An example of an OpenAPI specification for an API
Example serving data about fruit can be seen in the screenshot

below.

openapi: 3.0.0

info:
version: "1.0"
title: fruit-service

paths:
/fruit/{type}/{format}:
get:
summary: Returns statistics about
the requested fruit
operationld: getStatistics
parameters:
- name: type
in: path
description: Type of fruit
required: true
schema:
type: string
responses:
'200"
description: JSON
content:
application/json:
schema:
$ref: "#/fruitSchema"
" 40 4":
description: Resource not found

Helpful links and tools

Title Description Link

OpenAPI Specification Specification of the OpenAPI format https://swagger.io/specification/
(commercial / open source).

Swagger editor An online editor for creating and validat-  https://swagger.io/tools/swagger-editor/
ing OpenAPI specifications (commercial /
open source).

Swagger Ul An online visualiser for displaying https://swagger.io/tools/swagger-ui/

OpenAPI specifications (commercial /
open source).



https://swagger.io/tools/swagger-editor/

2. Recommendations for
data standardisation
(with EU controlled
vocabularies) and data
enrichment

Introduction

With the ever increasing volume of data on the web, standardisation is becoming
more and more relevant. Data which must be converted to a common format before
processing hinders further usage. Data standardisation increases processability.

Enrichment is the concept of linking data from external sources to existing data sets.
This data can come from, among others, public authorities or open knowledge bases.
Linking data can increase its value by creating new relationships and thus allowing
new kinds of analysis. For example, if the database of a car authority containing li-
cence plates and models is enriched and made interoperable with data about where
the cars are registered, insights can be gained into which manufacturers are preferred
in certain parts of the country.

Standardisation and enrichment are both part of the enriching process (see Figure 7).

Profiling Distilling Enriching Documenting Validating Publishing
= Understanding = Refining data WV EICI - Data usage = Assessing data = Publishing
data - Structuring data recommendations | quality inopen,
) - hine-readable
« Exploring data «Cleansing data «Versioning mac
(values) ! formats
Data preparation process >

Figure 7. Data preparation process - Enriching

The aim of this section is to give data providers actionable recommendations which
enable them to publish data sets with a high level of standardisation and enrichment.

Section 2.1 contains recommendations on how to reuse concepts from controlled
vocabularies. Another aspect of reusing controlled vocabularies is the harmonisation
of labels, which is introduced in Section 2.2. Section 2.3 focuses on recommendations
regarding dereferencing label translations. Finally, Section 2.4 gives recommendations
on how to link and augment data.
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2.1. Reuse unambiguous concepts from controlled
vocabularies

This section covers recommendations on achieving a high level of standardisation
and on enriching data. A higher level of data standardisation can be achieved by
integrating RDF vocabularies such as lists of authorities, taxonomies, classifications
or terminologies into the data. These controlled vocabularies describe, identify and
organise the concepts unambiguously in their area of expertise and can be reused to
harmonise or augment the data.

In RDF vocabularies, each concept is identified by a unique resource identifier (URI),
enabling any system to refer to it unambiguously. This is important, as it allows these
concepts to be referenced from anywhere once they have been published on the
web. These references then form a web of linked data, i.e. the semantic web ().
Using URIs that are only valid and/or unique within a certain namespace would fail
to achieve this.

Example

The European multilingual classification of skills, competences, qualifications and
occupations (ESCO) works as a dictionary, describing, identifying and classifying
professional occupations, skills and qualifications relevant for the EU labour market
and education and training. Those concepts are reused in different online platforms
to use ESCO for services such as matching jobseekers to jobs on the basis of their skills
or suggesting training to people who want to reskill or upskill.

The Publications Office maintains a number of EU Vocabularies and Authority Tables
used in data.europa.eu in order to standardise the metadata (extension of DCAT-AP),
as can be seen in the screenshots below.

European data Public procurement EU Publications Research & Innovation EU Whoiswho
EU Vocabularies < share (%) Help
Home Controlled vocabularies = Models = Business collections = Releases Help =
£x > Business collections » DCAT-AP for data portals in Europe » DCAT-AP-OF
Controlled vocabularies used in the EU Open Data Portal in order to the ion of DCAT=AF):
Access right Dataser type Erequency
Corporate body Distribition type Language
Country Documentation type basis Licence
Data theme EuroVog Notation type
Dataset status Eile type Time period

(") https://www.w3.org/standards/semanticweb,


https://www.w3.org/standards/semanticweb/

Home Controlled vocabularies =

Models =

Y » EU Vocabularies » Controlled vocabularies » Authority tables

Authority tables

Business collections +

:. 2. Recommendations for data standardisation (with EU controlled vocabularies) and data enrichment

Releases

In order to harmonise and standardise the codes and the associated labels used in the Publications Office and for inter-institutional

data exchange (i.e.. b the

d in the legal decision-making process g.

d in the Interi ional

Maintenance Committee [IMMC]), a number of Named Authority Lists (NALs) have been defined.

The g NALs are in the Registry:
Filter by:

Access right Entitlement status
Accessibility Environmental impact
Accreditation Event

Address type File status
Administrative territorial unit File type
Administrative territorial unit type Form type
Applicability Formation of the Court
Assessment Framework agreement
Asset classification Frequency

Award criterion type
Browser

Buyer legal type

COM internal consultation type
COM internal event

COM internal procedure
Capital classification

Case report

Case status

Change corrig justification
Communication channel
Communication channel usg
Communication justification
Concept status

Continent

Contract nature

Corporate body

Corporate body classification
Correction status

Country

Court type

Crawler

Credential

Grammatical alternation
Grammatical consciousness
Grammatical gender
Grammatical number
Honorific

Human sex

Innovative acquisition
Interinstitutional procedure
Internal procedure
Irregularity type

Label type

Language

Learning activity
Learning and verification
Learning assessment
Learning opportunity
Learning schedule
Learning setting

Legal basis

Legal proceeding

Legal preceeding result
Legal proceeding type
Licence

2.2. Harmonise the tables

Organisation subrole
Organization type
Other place service
Permission

Place

Position grade
Position status
Position type
Procedure nature
Procedure phase
Procurement procedure type
Product form

Public event type
Publicaticn theme
Received submission type
Remedy type
Requirement stage
Reserved procurement
Resource type

Review body type
Review decision type
Role

Role nature

Role qualifier

Scoring

Seript

Selection criterion
Site

Social objective
Strategic priority
Strategic procurement
Subcontracting indication

Instead of hardcoding labels into data, these labels can be referenced by unique iden-
tifiers, i.e. URIs. This means that if those labels change, the reference does not need to
be adjusted, reducing the burden of maintenance for data providers.

Example

The example below shows a sample of data from Erasmus statistics:

HOME_INSTITUT HOME_INSTITL
X E ALICANTOL ES A F ES
3 D KOLNO7 DE 5 F DE

X6 SF TURKUO1 Fl n F Fl
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The value provided in the ‘student nationality’ or ‘home institutions’ fields can be
standardised based on the Country table. Instead of encoding the country code (here:
ES, DE or FI), the corresponding unique identifiers for these countries can be provided
and additional data can be derived from the country identifier, such as the country
label or the country ISO code (two or three letters).

HOME_INSTITUTION_CTRY_ Unique Identifier (Country T Labed (Country Table) 150 3166-2 {Country Table) 150 3166-3 {Country Table)

& Spain & £
08 Germany ' GeR
i Firland f AN

2.3. Dereference the translation of a label

Once the labels are indicated by the unique identifiers from the controlled vocabularies,
the URIs can be dereferenced. This allows the label to be resolved in any language
supported by the controlled vocabulary.

Example

The example illustrates the ‘meter’ concept in the Measurement Unit table. The
‘meter’ concept is represented by different preferred labels (preflLabel) in the different
EU official languages. Assigning the ‘meter’ concept <http:/publications.europa.cu/
resource/authority/measurement-unit/MTR> URI into your data set enables the auto-
matic dereferencing of the different language versions and offers enhanced access to
your data. In addition, even if one translation is updated in the Authority Table, there
is no need to update the ‘meter’ concept. The URI will automatically dereference the
right value from the table.


http://publications.europa.eu/resource/authority/measurement-unit/MTR
http://publications.europa.eu/resource/authority/measurement-unit/MTR
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The two screenshots below show the ‘meter’ concept in RDF (top) from the correspond-
ing Measurement Unit table from the EU Vocabularies website (bottom).

<skos:Concept rdf:abouts"http://publications.europa.eu/resource/authority/measurement-unit/MTR" at:deprecateds”false™>
<gkos:inScheme rdf:resources"http://publications.eurcpa.eu/resource/authority/measuresent-unit™/>
<at:authority-code>MTR</at: authority-code>
<at:op-codeMTR</at: op-code>
<atold:op-code>MTR</atold: op-code>
<de:identifier>MTR</dc: identifiers
<at:start.use>1952-87-23¢/at:start.use>
<skos:prefLabel xml:lang="bg">meTup</skos:prefLabel>
¢skos:prefLabel xml:lang="cs">metr</skos:prefLabel>
<skos:preflLabel xml:lang="da">meter</skos:preflLabel>
<skos:prefLabel xml:lang="de">Meter</skos:preflLabel>
<skos:prefLabel xml:lang="el">péxrpo</skos:prefLabel:
<skos:preflLabel xml:lang="en">metre:/skos:preflLabel>
<skos:prefLabel xml:lang="et">meeter</skos:preflLabel:
<skos:prefLabel xml:lang="fi">metric/skos:prefLabels
<skos:prefLabel xml:lang="fr">métre</skos:prefLabel>
<skos:prefLabel xml:lang="ga">méadar</skos:preflLabel>
<skos:prefLabel xml:lang='l|r')-'tlr<!skas:prefmbe1>|
<skos:preflLabel xml:lang="hu">méter</skos:prefLabel>
<skos:preflLabel xml:lang="it">metro</skos:preflLabel>
<skos:preflLabel xml:lang="1lv">metri</skos:preflLabel>
<skos:prefLabel xml:lang="1t">metras</skos:prefLabel>
«<skos:prefLabel xml:lang="mt":>metru</skos:preflLabel>
«skos:prefLabel xml:lang="nl">meter</skos:preflLabel>
«skos:preflLabel xml:lang="pl">metr</skos:preflLabel>
<skos:preflLabel xml:lang="pt":metro</skos:preflLabel>
<skos:preflLabel xml:lang="ro":metru</skos:preflLabel>
<skos:preflLabel xml:lang="sk">meter</skos:preflLabel»
<skos:preflLabel xml:lang="sl">meter</skos:preflLabel»
<skos:preflLabel xml:lang="es":»metro</skos:preflLabel»
<skos:preflLabel xml:lang="sv">meter</skos:preflLabel»

</skos:Concept>

. & Concept scheme
Measurement unit
Authority Table

URI: http:/ /publications.europa.eu/ resource/authority/ measurement-unit

About Browse content Documentation

Filter by: @&

Code Label Valid since Valid until Predecessor Successor Definition
. The decibel (dB) is a uni
2n decibel 1as0ree or the logarithm of a rat
3C manmonth 1952-07-23 The manmonth is a unit
AD byte 1952-07-23 The byte is a unit of infc
07 The ampere (A) is the b
AMP ampere 1952-07-23 charges, such as electro
BAR bar 1952-07-23 The bar (bar) is a non-5S|

000 Pa, 105 Pa, which is

The bit (b), short for "bi
BIT bit 1952-07-23 computing and digital ¢
no decision at the lowes

-07-, The becquerel (Bqg) is a ¢
s bechuerel: | 1952-07723 radioactive material in w

The mole (mol) is the ba
34 mole 1952-07-23 chemical substance that

-07- The nanometre (nm) is &
C45 nanometre 1952-07-23 (0.000000001 m).

The candela (cd) is the &

CcDL candela 1952-07-23 intensity, in a given dire
intensitv in that directio

58
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2.4. Linking and augmenting your data

Consistent use of unique identifiers also allows linkage and augmentation with
external data. This adds value to existing data by linking to new concepts or aspects
of existing data. Optimal usage of controlled vocabularies can be achieved using a
four-star data format such as RDF or JSON-LD.

Example

The screenshot below shows a dataset, which lists the names of common cosmetic
ingredients with their corresponding chemical abstract registry number (CAS number).

Reference number Chemical name / INN Name of Common Ingredients Glossary CAS Number EC Number
1 Benzole acid and its sedium salt  BENZOIC ACID; SODIUM BENZOATE 65-85-0 f 532-32-1 200-618-2 [ 208-534-8
1a Salts of benzoic acid other than th AMMONIUM BENZOATE / BUTYL BENZ( 1863-63-4 /2090-05-3 / 582-25-2 217-468-9 / 218-235-4/
2 Propionic acid and its salts PROPIONIC ACID / AMMONIUM PROPIC 79-09-4 [ 17496-08-1 / 4075-81-4 201-176-3 / 241-503-7 /
1 Salicylic acid and its salts SALICYLIC ACID, CALCIUM SALICYLATE, 68-72-7[1]/ 824-35-1[2]/ 18917-¢ 200-712-3[1)/ 212-525-4
4 Hexa -2 4-dienoic acid and its salt SORBIC ACID / CALCIUM SORBATE /50 110-44-1/ 7492-55-9 / 7757-81-5 203-768-7 [ 231-321-6
7 Biphenyl -2-0l O-PHENYLPHENOL 90-43-7 201-993-5
9 Inorganie sulphites and hydrogen SODIUM SULFITE / AMMONIUM BISULF 7757-83-7 / 10192-30-0 / 101961 231-821-4 f 233-469-7 /
11 Chiorobutanel CHLOROBUTANOL 57-15-8 200-317-6

12 4 -Hydroxybenzoic acid and its sal 4-HYDROXYBENZOIC ACID / METHYLPA 99-96-7 /99-76-3 /36457-19-9 /11 202-804-9 /202-785-7 /2

Linking the CAS number with the corresponding value in the Chemical Entities of Bio-
logical Interest dictionary (ChEBI) would augment the data set with new derived data
(synonyms, standardised identifiers and cross references). ChEBI is a freely available
dictionary of molecular entities focused on ‘small’ chemical compounds and is shown
in the screenshot below.

benzoic acid T =

Cf hitp dipurl sbolteary srgube CHEBI 10725 I Copy

A compound Comgrising a benzene ring core Camying a carboxylic acid subsbiuant

Synonyms: [Benzolc scia | [BENZEIC ACID | [benzole scid

il Ter
e m . database cross reference
| malecular entity m : :Egg mesag
main group molecular entty = LINCSLSM-37118
p-block molecular enbity Show all S0ENgS » MetaCyc BENZOATE
‘carbon group mokecular entity « PDBeChem BEZ
organa: moecular entity = Gemalin 2948 (Gmeling
heteroorganic entity « CAS BSESI (MIST Chemestry WebBook)
organochalcogen compound = DrugBank DB03TH3
: « PPDB14TS

carbon oxoscid = PMID: 16728954 {Ewrope PMC)
carbaxylic acd « PMID 18314334 (Europe PMC)

aromat caoxylic acid = HMDE HMDBOOO1ETD

BenzoiC acids + CAS 85850 (ChemiDpius)

« Rexys 535131 (Reaxys)
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For example, CAS number 65-85-0 (benzoic acid) has the identifier CHEBI:30746
represented by the URI <http:/purl.obolibrary.org/obo/CHEBI_30746> (indicated by
the red arrow).

Another example is illustrated by two data sets published in JSON-LD - ‘Pesticide
(New)" and ‘Pesticide-EPPO’. They contain data from the collection of the single active
substances and their maximum residue levels (MRLs) related to foodstuffs intended
for human or animal consumption in the European Union.

The <http:/data.europa.eu/dph/id/pesticides/product/0110020> data set, which is
shown in the screenshot below, corresponds to the foodstuff product ‘Orange’.

{
: "http://data.europa.eu/dph/id/pesticides/product/0110020",
: "http://data.europa.eu/dph/def/pesticides#Product"”,
"http://data.europa.eu/dph/id/pesticides/product/0110000",
"http://data.europa.eu/dph/id/pesticides/productType/4",
[
: "CS"’
: "Pomerance"
o
: "mt",
: "Laring"
o
: "pt",
: "Laranjas"
1
: "pl”’
: "Pomarancze"
hi
: "nlll’
: "Sinaasappelen"”
o
: "1V",
: "Apelsini”
o
: "it",
: "Arance dolci"
1
: "lt"’
: "Apelsinai”
hi
: "hr"’
: "Naranca"
j3



https://www.ebi.ac.uk/chebi/searchId.do?chebiId=CHEBI:30746
http://data.europa.eu/dph/id/pesticides/product/0110020
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: llfrll’
: "Oranges"
o
: llenll,
: "Oranges"
K
: llelﬂ’
: "Tloptokaha"”
o
: ll,ﬁ",
: "Appelsiinit"
K
: llesll’
: "Naranjas"
o
: "et",
: "Apelsinid”
K
: lldell’
: "Orangen"
o
: llla"’
: "Citrus sinensis"
K
: llda"’
: "Appelsiner"
1
: llda",
: "Appelsiner”
K
: llhull’
: "Narancs"
o
: llbg",
: "TlopTrokanu”
K
: “Sk”’
: “pomarance”
o
: llroll’
: "Portocale”
K
: "SVII’
: "Apelsiner”
o
: "Sl",
: "Pomarance”

]
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This foodstuff product contains ‘Fenoxicarb pesticide residues’ identified by the URI

< >. This relationship is shown
in the screenshot of the MRL data set below (the ‘Orange’ foodstuff is highlighted in
blue).

{

: "http://data.europa.eu/dph/id/pesticides/mrlHst/100283",

"http://data.europa.eu/dph/def/pesticides#MaximumResidueLevel",
:"2008-09-01T00:00:00",
: "2",
: "http://data.europa.eu/dph/id/pesticides/product/0110020",

: "http://data.europa.eu/dph/id/pesticides/substance/299"

All information regarding this pesticide can be retrieved by dereferencing the URI
highlighted in green. This yields the data shown in the screenshot below:

: "http://data.europa.eu/dph/id/pesticides/substance/299",
: [ "http://data.europa.eu/dph/def/pesticides#Residue",
"http://data.europa.eu/dph/def/pesticides#Substance" ],
:"S029900",

[
"http://data.europa.eu/dph/id/pesticides/legalResource/publication-473",
"http://data.europa.eu/dph/id/pesticides/legalResource/publication-518",
"http://data.europa.eu/dph/id/pesticides/legalResource/publication-1" ],

"http://data.europa.eu/dph/id/pesticides/substance/299",
:[{
: "plll’
: "Fenoksykarb"
Ky
: "it",
: "Fenoxicarb"
pt
: "esll,
: "Fenoxicarb"
Ky
: "I_OH,
: "Fenoxicarb"
pt
: "bgll’
: "®eHokcukapo”
Ky
: "pt",
: "Fenoxicarbe"
pt
: "ﬁll’
: "Fenoksikarbi"

}7


http://data.europa.eu/dph/id/pesticides/substance/299
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b

}’{
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}’{
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}’{

h
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}’{

h
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}’{

h

}’{

]

: "®evofukdapumn (Fenoxycarb)

. "1t",

: "Fenoksikarbas"

. llsk",

: "Fenoxykarb"

. "1V",

: "Fenoksikarbs"

REIpT]

cs",

: "Fenoxykarb"

2 "sv",

: "Fenoxikarb"

. nhuvv’

: "Fenoxikarb"

. "de",

: "Fenoxycarb"

. "hr",

: "Fenoxycarb"

. nnln’

: "Fenoxycarb"

"

:"mt",

: "Fenoxycarb"

. "fI'",

: "Fenoxycarb"

. llda",

: "Fenoxycarb"

:"en",

: "Fenoxycarb"

. lletll,

: "Fenoksiikarb"

. "Sl",

: "Fenoksikarb"

. llel",
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The 'Pesticide-EPPO’ data set contains cross references between the entities con-
tained in the ‘Pesticides (New)' data set and the items in the EPPO Global Database.
More specifically, the data set links the instances of the ‘Pesticides (New) Product’ class
to the possible corresponding EPPO Global Database items, which enables a five-star

ranking.
Helpful links and tools

Title Description

EU Vocabularies and Authority EU Vocabularies and Authority Tables

Tables have been developed for the Publications

Office in order to facilitate the exchange
of data between the different infor-
mation systems of the EU institutions
(legislation, calls for tender, etc.) and
describe data sets (open source).

Link

https://op.europa.eu/en/web/
eu-vocabularies/authority-tables

https://op.europa.eu/en/web/
eu-vocabularies/dcat-ap-op

OpenRefine (OntoText) Tool for cleaning and extending data

from external sources (open source).

https://openrefine.org/

https://openrefine.org/
documentation.html

https://github.com/OpenRefine/
OpenRefine

This article describes how to discover
inconsistencies in data and how to
diagnose the accuracy of data with
OpenRefine (¥).

(leaning data with OpenRefine

https://doaj.org/article/3
€cd075407a4481¢85c0d00d65a003¢0

ata transformation tool that can be used
for converting tabular data into RDF
(commercial / open source).

OntoRefine

http://graphdb.ontotext.
com/documentation/free/
loading-data-using-ontorefine.html#
ontorefine-overview-and-features

(%) De Wilde, M., van Hooland, S. and Verborgh, R. (2013), ‘Cleaning data with OpenRefine; The Programming
Historian, 1 August 2013, Editorial Board of the Programming Historian, United Kingdom.


https://op.europa.eu/en/web/eu-vocabularies/authority-tables
https://op.europa.eu/en/web/eu-vocabularies/authority-tables
https://op.europa.eu/en/web/eu-vocabularies/dcat-ap-op
https://op.europa.eu/en/web/eu-vocabularies/dcat-ap-op
https://openrefine.org/documentation.html
https://openrefine.org/documentation.html
https://github.com/OpenRefine/OpenRefine
https://github.com/OpenRefine/OpenRefine
https://doaj.org/article/3ccd075407a4481c85c0d00d65a003c0
https://doaj.org/article/3ccd075407a4481c85c0d00d65a003c0
http://graphdb.ontotext.com/documentation/free/loading-data-using-ontorefine.html#ontorefine-overview-and-features
http://graphdb.ontotext.com/documentation/free/loading-data-using-ontorefine.html#ontorefine-overview-and-features
http://graphdb.ontotext.com/documentation/free/loading-data-using-ontorefine.html#ontorefine-overview-and-features
http://graphdb.ontotext.com/documentation/free/loading-data-using-ontorefine.html#ontorefine-overview-and-features
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3. Recommendations for
documenting data o

Introduction

More and more data is published on the web every day. However, in order to improve
interoperability and ease further processing, this data has to be documented. This way
users can know what to expect with regard to both syntax (i.e. structure) and semantics
(i.e. content). In addition to improving data quality for users, documentation can en-
hance the value of data, as misinterpretation of data becomes less likely when context
is provided. This document covers aspects relevant to step four of the data prepara-
tion process, which is shown in Figure 8.

Profiling Distilling Enriching Documenting Validating Publishing
=Understanding = Refining data =Augmenting data  JREIENIEEN = Assessing data = Publishing
data - Structuring data recommendations [EGQEIY inopen,
; i hine-readable
= Exploring data «Cleansing data = Versioning mac
(values) 9 formats
Data preparation process >

Figure 8. Data preparation process - Documenting

The aim of this section is to give actionable recommendations covering the tasks
involved in documenting data, aided by tools. This includes documenting structure
and meaning, as well as proper versioning.

A general recommendation on where to publish documentation is given in Section
3.1.Section 3.2 contains recommendations on using schemas to document data struc-
tures. In addition to the structure, the meaning of data should also be documented,
which is covered in Section 3.3. Section 3.4 contains recommendations on the various
aspects of documenting data changes.

3.1. Publish your documentation

The topics covered in this section include describing data structures, i.e. the internal
representation of files, and tracking changes of data. Developing a DMP before pub-
lishing data is crucial for achieving a coherent data structure. The plan should cover
aspects such as expected/targeted data models, whether raw data will be used and
how the data will be processed. Section 1.1 contains more information about DMPs.
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Regardless of the format or file type used for documenting data, it is vital that this doc-
umentation be published alongside the data, ideally in a separate distribution. This
distribution should then be linked to the data itself via the dct:conformsTo property of
data sets / distributions specified by the DCAT-AP (*') standard. This applies regardless
of the file format used.

This screenshot shows a distribution using the dct:con-
Example formsTo property to link to another distribution con-

taining a schema specifying the data’s structure.

<rdf:Description rdf:about="http://data.europa.eu/distribution/truck_data">
<rdf:type rdfi:resource="http://www.w3.org/ns/dcat#Distribution"/>
<dcterms:conformsTo rdf:resource="http://data.europa.eu/distribution/truck_data_schema"/>
<dcterms:title xml:lang="en">Truck parking static data</dcterms:title>
<dcterms:format rdf:resource="http://publications.europa.eu/resource/authorily/file-type/XML"/>
</rdf:Description>

3.2. Use schemas to specify data structure

Despite format standards specifying the internal structure with regard to syntax and
permitted keywords and identifiers, the data publisher can choose the way data is
written to a file (i.e. serialised). For further processing, however, this serialisation must
be known to the user by means of data schemas. Instead of expecting the user to
download and analyse the data, the serialisation schema can also be specified sep-
arately, often in a dedicated format. The following sections provide descriptions of
these schema languages and an overview of schema specifications for the most com-
monly used formats, namely JSON, XML, CSV and RDF.

3.2.1. How to specify JSON data structures

The schema language used for JSON files is called JSON Schema (). The schemas are
JSON files themselves, but contain information describing a data structure that can be
resembled as JSON. Data providers should publish a JSON schema that specifies the
JSON structure along with their data.

(®)  https://joinup.ec.europa.eu/solution/dcat-application-profile-data-portals-europe/releases


https://joinup.ec.europa.eu/solution/dcat-application-profile-data-portals-europe/releases
https://json-schema.org/
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An example of an OpenAPI specification for an API
Example serving data about fruit can be seen in the screenshot
below.
{
"$schema": "http://json-schema.org/draft-07/schema#",
"description™: "Employee data",
"type": "object",
"properties": {
"name":
"type": "string"
}’
"age": {
"type": "number",
"minimum": o,
"maximum": 100
}
h
H

Helpful links and tools

Title Description Link

JSON Schema Vocabulary that allows users to annotate  https://json-schema.org/
and validate JSON documents (open
source).

JSON schema generator Online tool that generates a schema from  https:/jsonschema.net

existing JSON data (open source).

3.2.2. How to specify XML data structures

There are multiple schema languages for specifying the structure of XML files, for
example RELAX NG (*) and Schematron (2%). XSD (XML Schema Definition Language)
is recommended by the W3C and thus also endorsed in this document. An XSD file
itself consists of XML. It is made up of two parts: structures (*) and data types (*).
As the names suggest, the former defines the structural part of XSD whereas the
latter defines data types that can be used in XSD. Overall, XSD specifies exactly which
elements/attributes are allowed and what data type the content must have. It is also
possible to specify patterns to check for the correctness of data formats, such as postal

B) https://relaxng.org/

25°

*)

(%) http://schematron.com/

(®) https://www.w3.org/TR/xmlschemal1-1/
*)

%) https://www.w3.0rg/TR/xmlschemal1-2/


https://relaxng.org/
http://schematron.com/
https://www.w3.org/TR/xmlschema11-1/
https://www.w3.org/TR/xmlschema11-2/
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codes, during validation. Data providers should publish XSD schemas that specify the
XML structure alongside their data.

The screenshot shows an XSD schema which specifies

the structure of sample data from the fruit domain.
" 4| Example : , . .

For example, it states that the ‘drupe’ value can either

be true or false, not unknown.

<?xml version="1.0" encoding="UTF-8"?>
<xs:schema xmlns:xs="http://www.w3.org/2001/XMLSchema"
elementFormDefault="qualified">
<xs:element name="fruit">
<xs:complexType>
<xs:sequence>
<xs:element ref="type"/>
<xs:element ref="description"/>
<xs:element ref="drupe"/>
</xs:sequence>
<xs:attribute name="id" use="required" type="xs:integer"/>
</xs:complexType>
</xs:element>
<xs:element name="type” type="xs:NCName"/>
<xs:element name="description” type="xs:string"/>
<xs:element name="drupe” type="xs:boolean"/>
</xs:schema>

Helpful links and tools

Title Description Link

Liquid Studio XML schema editor which allows https://www.liquid-technologies.com/
generation of XSD files from existing XML~ xml-schema-editor
(commercial).

XMLFox XML editor that features XSD validation https://www.xmlfox.com/

(commercial / open source).

3.2.3. How to specify CSV data structures

Frictionless Data (¥) have developed a CSV table schema expressible in JSON.
This means that the structure to which a CSV file must cohere is described in a JSON
file. At the time of writing, dedicated tooling support for creating Frictionless Data
schemas is only available as libraries for various programming languages. However,
since Frictionless Data is specified using JSON, any text editor with JSON support can
be used for this task.

(#) https://frictionlessdata.io/


http://www.w3.org/2001/XMLSchema
https://www.liquid-technologies.com/xml-schema-editor
https://www.liquid-technologies.com/xml-schema-editor
https://frictionlessdata.io/
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The UK National Archives (%) have also published a CSV schema language (¥) that can
be used to describe the content of CSV files. It can be used to specify, among other

things, the number of columns, whether values are mandatory or optional and what
data range applies.

Data providers should publish schemas in either the Frictionless Data or National
Archives formats which specify the CSV table alongside the data.

This screenshot shows the Frictionless Data schema

for fictional employee data. Note the restrictions: de-
Example partment names can only consist of capital letters and
the numbers 1 to 4, and employees are either retired
or not.
{
[
{
: "name”",
: "string",
: "Employee’s name"
I3
{
: "department”,
: "string”",
: "Department ID"
:{
: "[A-Z)1,4}"
¥
I3
{
: "retired",
: "boolean”,
: "Employee status"
¥

() https://www.nationalarchives.gov.uk

(*) http://digital-prese

vation.github.io/cs

v-schema/csv-schema-1.1.htrr


https://www.nationalarchives.gov.uk/
http://digital-preservation.github.io/csv-schema/csv-schema-1.1.html
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Example
version 1.1
This screenshot shows @separator ";"
the National Archives @totalColumns 3
CSV schema for fictional name: unique notEmpty
employee data. It con- department: regex("[A-Z]{1,4}")
tains the same restric- retired: is("yes“) or is("no")
tions as in the previous
example.
Helpful links and tools
Title Description Link
(SV Validator Cross-platform desktop application, https://digital-preservation.github.io/

command-line utility and programming ~ csv-validator/
library suitable for validating CSV files
against the National Archives CSV

schema.
CSV file: ¥+ \dunderdown\CR Cards metadata\ADM3528003\tech_acq_metadata_v1_ADM3628003.csv [:]
€SV Schema file: | Y:\dunderdown\ADM_362-technical-acquisition-with-minimal-transcription.csvs [:]

Settings

|| Fail on first error?

_Path Substitut

From To

file:///ADM_362/ |file: /¥ fdunderdown fUAT_2/ADM362B003/ADM. ..

Add Path Substitution. ..

@rtotalColumns = 41 but number of columns defined = 42 at line: 2, column: 1|

3.2.4. How to specify RDF data structures

The prime way of defining the structure of RDF graphs is using ontologies. The structure
of RDF can also be specified using schemas. SHACL (*) (Shapes Constraint Language)
is a powerful concept that allows validation against these schemas. It specifies a
syntax that can be used to define conditions incoming RDF must cohere with. Data

(% https://www.w3.0rg/TR/shacl/


https://digital-preservation.github.io/csv-validator/
https://digital-preservation.github.io/csv-validator/
https://www.w3.org/TR/shacl/
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providers should publish SHACL shape files that specify the RDF structure in addition

to the actual data.

Example

This  screenshot  shows
the SHACL shape file that
specifies  personal data.
Note the constraint that
the date of birth must be
earlier than the date of
death.

If the sample data is val-
idated against this SHACL
file, the following report
is generated. As expected,
the mismatch between
birth date and death date
is detected as a violation.

@prefix schema: <http://schema.org/> .
@prefix sh: <http://www.w3.org/ns/shacl#> .
@prefix xsd: <http://www.w3.org/2001/XMLSchema#> .

schema:PersonShape

a sh:NodeShape ;

sh:targetClass schema:Person ;

sh:property [
sh:path schema:givenName ;
sh:datatype xsd:string ;
sh:name "given name" ;

5

sh:property
sh:path schema:birthDate ;
sh:lessThan schema:deathDate ;
sh:maxCount 1;

a sh:ValidationResult ;

sh:resultSeverity sh:Violation ;

sh:sourceConstraintComponent sh:LessThanConstraintComponent ;
sh:sourceShape _:n703;

sh:focusNode <http://example.org/ns#Bob> ;

sh:resultPath schema:birthDate ;

sh:value “1971-07-07" ;

sh:resultMessage “Value is not < value of schema:deathDate” ;

The examples in this section are adapted from those provided by SHACL Playground (*').

(") https://shacl.org/playground/



http://schema.org/
http://www.w3.org/ns/shacl#
http://www.w3.org/2001/XMLSchema#
http://example.org/ns#Bob
https://shacl.org/playground/
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Helpful links and tools

Title Description Link

TopBraid Composer Standalone SHACL validator https://www.topquadrant.com/
(commercial). products/topbraid-composer/

SHACL Playground Web-based SHACL validation tool (open https://shacl.org/playground/
source).
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3.2.5. How to specify APIs

APIs are not files themselves, but serve data on the web, accessible by URL. For users
to be able to easily use an AP, it must be thoroughly documented. Data providers
should document not only the structure of served data, but also how this data can
be accessed on the web. Depending on the API's protocol, different documentation
methods may be applicable. HTTP APIs should be documented according to the
OpenAPI () standard. This allows, among other operations, specification of URLs,
HTTP status codes and structure of payloads (i.e. what the served data looks like).
OpenAPI specifications can be written in either JSON or YAML. Recommendations on
good API design are given in Section 1.2.

The following aspects of an APl should be specified:
- URLs and endpoints;
- the protocol(s) of the endpoints (e.g. HTTP, FTP);
- access methods (e.g. HTTP methods, status codes);
- ways to alter results (e.g. query parameters, HTTP headers).

Additionally, the semantic meaning of the served data should be explained.

() https://www.openapis.org/
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https://www.topquadrant.com/
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https://www.openapis.org/
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This screenshot shows a truncated snippet of an
OpenAPI specification that defines the EU ODP’s
API for retrieving a data set (*). Aside from ensuring

E a sound structure with all mandatory fields set, the

xample e ; .

specification should be complete and exhaustive with
regard to the aspects mentioned above. Meaningful
descriptions and summaries help grasp the semantic
meaning of the data served.

paths:
'/data set/{data setld}.rdf":
get:
summary: Retrieve data set in RDF/XML
description: >
Return the full content of the data set in RDF
operationld: getData set
parameters:
- name: data setld
in: path
description: data set identifier
required: true
style: simple
explode: false
schema:
type: string
responses:
'200'":
description: OK
content:
application/rdf+xml:
schema:
type: string
U 40 4v:
description: not found
content:
text/html:
schema:
type: string

(33 httpsy/

p.swaggerhub.com/apis/EU-Open-Data-Portal/eu-open_data_portal/0.8.0


https://app.swaggerhub.com/apis/EU-Open-Data-Portal/eu-open_data_portal/0.8.0
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Helpful links and tools

Title Description Link

Swagger Tooling that aids in editing and validating  https://swagger.io/
OpenAPI specifications (commercial /
open source).

Swagger Petstore @

OpenAPI specification Standard that defines OpenAPI (commer-  https://swagger.io/specification/
cial / open source).

3.3. Document the semantics of data

Depending on its complexity, publishing a schema is not always sufficient. While a
schema describes the syntax and structure, it does not explain the semantics of data.
A description of the individual properties of a data structure helps users interpret and
reuse data correctly and in the way intended by the data provider.

Example

The first screenshot shows a data set which links both the schema and the semantic
description of its data. Note that all three link to a dedicated distribution, which
contains links for accessing the files. The second screenshot shows a snippet of the
HTML document of the semantic documentation.

Documentation

& DOWNLOAD Consolidated Financial Sanctions File (XSD schema 1.0) | XML SCHEMA
&, DOWNLOAD Consolidated Financial Sanctions File (XSD schema 1.1) XML SCHEMA

® VISIT PAGE Foreign Policy Instruments website (Sanctions) | HTMI
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4. Sanctions Schema Information
The following table provides a detailed description of the fields available in the response of the predefined query for Sanctions Register.

Field Name Field Type Comment

sn_sanctionEsmalD int Esma 1D which uniquely identifies a sanction.

sn_entityEsmalD text_general Entity Esma ID uniquely binds a sanction to the authorised entity.
sn_ncaCodeFullName string Sanction NCA Full Name.

sn_entityLegalFrameworkStr string ESMA registered entity's (Authorised and registered entities) Legal i
sn_sanctionLegalFrameworkName string Sanction's Legal Framework.

sn_expirationDate date Sanction Expiration Date.

sn_date date Sanction Date.

Helpful links and tools

Title Description Link

Sphinx Tool for creating documentation. https://www.sphinx-doc.org/en/master/
Supports, among others, HTML, PDFand ~ index.html
plain text formats (open source).

Read the Docs Open-source hosting service for docu- https://readthedocs.org/
mentation, for example those generated
using Sphinx (open source).

3.4. Document data changes

Data is likely to change over time. For example, schedules for public transport may be
updated during roadworks, and if a new politician is elected their name may be added
to the list of elected representatives. It is important to document all such changes.
More precisely, users must know that data has changed, what has changed and where
to find other versions of the data. This section contains recommendations covering all
three aspects.

3.4.1. Adopt a data set release policy

When you have to update your data, it is important to consider the following questions.
- What constitutes a change in the data set?
+ What is the impact of the new release: is it a major or minor change in the data?
+ What is the importance of the change from the reuser’s erspective?

The data set release policy can be defined in the DMP. Steps include, among
others, defining the file naming convention, release number and update frequency.
Section 1.1 contains recommendations for creating DMPs.


https://www.sphinx-doc.org/en/master/index.html
https://www.sphinx-doc.org/en/master/index.html

:. 3. Recommendations for documenting data

76

3.4.2. Differentiate between a major and a minor release of a data set

If a new instance of a data set is different from its predecessor it can be considered as
a new major release, meaning it is recommended that a new entry for this data set be
created in the data catalogue. If the change in the data is minor and does not impact the
reuser, it is recommended that the data set description be updated in the data catalogue.

Example

Eurobarometer studies monitor public opinion in the European Union Member States
and candidate countries. The survey results are regularly published in official reports.
Each data set is part of a collection (Eurobarometer) and results in a succession of
generated data sets. Fach data set in the collection is identified and versioned.

Flash Eurobarometer 451: Business perceptions of regulation

This Flash Eurobarometer survey looks at the perceptions of businesses from all EU 28 Member States
regarding legislation and regulations applying to them. The results by volumes are...

HTTP:/ /PUBLICATIONS.EUROPA.EU/ RESOURCE /AUTHORITY / FILE-TYPE/ OP_DATPRO ar | (1254 views) (1104
Downloads)

Flash Eurobarometer 349: Flash Eurobarometer on the introduction of the euro (non
eurozone)
A regular survey which takes stock of attitudes concerning the introduction of the euro in the
countries which have not yet done so. The results by volumes are distributed as follows....

HTTP./ /PUBLICATIONS.EUROPA.EU/RESOURCE/AUTHORITY /FILE-TYPE/OP_DATPRO | [ZIP| (816 views) (701
Downloads)

Standard Eurobarometer 63

Eurobarometer public opinion surveys (“standard Eurobarometer surveys‘) have been conducted on
behalf of the Directorate-General for Information, Communication, Culture, Audiovisual of...

HTTP:/ /PUBLICATIONS.EUROPA.EL/ RESOURCE/ AUTHORITY / FILE-TYPE/ OP_DATPRO 2P| (1629 views) (1536
Downloads)

Standard Eurobarometer 67

Eurobarometer public opinion surveys (“standard Eurobarometer surveys') have been conducted on
behalf of the Directorate-General for Information, Communication, Culture, Audiovisual of...

HTTP: [ /PUBLICATIONS.EUROPA.EU/ RESOURCE/AUTHORITY / FILE- TYPE/ OP_DATPRO ZIP | (1623 views) (1523
Downloads)
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Example (minor change)

In the example below, the date of modification has been updated after the data have
been updated.

CORDIS - EU research projects under FP7 (2007-2013)

@1 FP7 Projects (individual XML files)

& DOWNLOAD

& Description

A zip file containing the full individual xml files of all FP7 projects existing in CORDIS database

Format

ZIp

1 Additional Information
Access URL

https://cordis.europa.eu/data/cordis-fp7projects-xml.zip

Status

completed

Release Date
2015-09-25

Modified Date
2021-03-16

Resource Type

Downloadable file

77
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Example (major change)

In the screenshot below, a new version of a data set has been added under the
resources (version 1.1) as well as the documentation (XSD schema 1.1).

Resources

&, DOWNLOAD Consolidated Financial Sanctions File 1.0 | csv

& DOWNLOAD | Consolidated Financial Sanctions File 1.0 | xMi

3, DOWNLOAD Consolidated Financial 5anctions File 1.1 | csv

3, DOWNLOAD Consolidated Financial Sanctions File 1.7 | xmL

Resources

& DOWNLOAD Consolidated Financial Sanctions File (XS0 schema 71.0) | XML SCHEMA

A& DOWNLOAD Consolidated Financial Sanctions File (XSD schema 1.7) XML SCHEMA

3.4.3. Indicate a data set’s version (release) number

There are a multitude of conventions concerning when and how to increment version
numbers. In the spirit of standardisation, it is advisable to adhere to commonly used
specifications when choosing version numbers.

One such standard is called semantic versioning (%). It states that version numbers
must consist of three digits, separated by dots, for example ‘1.2.3". The first digit de-
clares the major version, the second digit the minor version and the last digit the
patch version.

Other methods of versioning exist, for example using digital object identifiers (DOIs).
A new DOl is assigned for each version of a document. The DOlIs are generated and
maintained by central authorities in order to guarantee the uniqueness of the num-
bers.

The owl:versioninfo property should be used to indicate the version of a data set.
Additionally, the dct:modified property should be used to state the date of the latest
modification of the data set or distribution.

(% https://semver.org/


https://semver.org/
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The screenshot shows the same data set with
Example the owlversioninfo and dct:modified property set. The

former is specified using semantic versioning.

<rdf:Description rdf:about="http://data.europa.eu/dataset/honorific">
<dcterms:title xml:lang="en">Honorific Named Authority List</dcterms:title>

<owl:versionlnfo> 1.2.1 </owl:versionlnfo>
<dcterms:modified rdf:datatype="http:/ /www.w3.0rg/2001/XMLSchema#datetime">2020-01-08T08:39:53</dcterms:modified>

"

<dcterms:issued rdf:datatype-="http://www.w3.org/200 |/XMLSchema#datetime">2016-11-18</dcterms:issued>
</rdf:Description >

3.4.4. Describe what has changed

As stated earlier, it should not only be indicated that data has changed, but also what
has changed. This is ideally documented in a separate document, which should be
linked via the foaf:page property of a data set or distribution.

V2| Example This screenshot shows a data set with the foaf.page
P property set.

<rdf:Description rdf:about="http://data.europa.eu/dataset/honorific">
<dcterms:title xml:lang="en">Honorific Named Authority List</dcterms:title>
<owl:versionlnfo> 1.2.1 </owl:versionlnfo>
<dcterms:modified rdf:datatype="http:/ /www.w3.org/2001/XMLSchema#datetime">2020-01-08T08:39:53</dcterms:modified>

<foaf:page rdf:resource="http://data.europa.eu/document/honrific-documentation"/> I

<dcterms:issued rdf:datatype-="http://www.w3.org/200l/XMLSchema#datetime">2016-11-18</dcterms:issued>
</rdf:Description >
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This screenshots shows the properties adms:identifier, dctmodified and adms:versionNotes.

OpenFoodTox: EFSA's chemical hazards database 8 <

I Description

In food safety, hazard identification and hazard characterisation aim to determine safe levels of
exposure for substances “reference values” to protect human health, animal health or the
environment. Such reference values are most often derived for the relevant species by applying an
uncertainty factor on the “reference point determined from the pivotal toxicological study.

Since its creation in 2002, EFSA scientific panels and staff have produced risk assessments for more
than 4,400 substances in over 1,650 scientific opinions, statements and conclusions through the
work of its scientists.

OpenFoodTox is a structured database summarising the outcome of hazard characterisation for
human health and - depending on the relevant legislation and intended uses - animal health and the
environment.

For each individual substance, the data model of OpenFoodTox has been designed using OECD
Harmonised Template as a basis to collect and structure the data in a harmonised manner.
OpenFoodTox reports the substance characterisation, EFSA outputs, reference points, reference
values and genotoxicity.

In order to disseminate OpenFoodTox to a wider community, two sets of data can be downloaded:

1. Five individual spreadsheets extracted from the EFSA microstrategy tool providing for all
compounds: a. substance characterisation, b.EFSA outputs, c.reference points, d.reference
values and e.genotoxicity.

2. The full database.

OpenFoodTox contributes actively to EFSA's 2020 Science Strategy and to the aim of widening EFSA’s
evidence base and optimising access to its data as a valuable open source database that can be
shared with all scientific advisory bodies and stakeholders with an interest in chemical risk
assessment. In addition, OpenFoodTox has been submitted to the OECD’s Global Portal to
Information on Chemical Substances (eChemPortal) so that individual substances can be searched as
part of the national and international databases. Further description and associated references are
described in the EFSA journal editorial (Dorne et al., 2017).

I eurovoc domains

Agriculture, fisheries, forestry and food

Resources

3 DOWNLOAD Access to the database | HTML

& DOWNLOAD Download full database | EXCEL X1S

Documentation

& DOWNLOAD Information about the database | HTML
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URI

http://data.europa.eu/88u/dataset/openfoodtox-efsa-s-chemical-hazards-database

Identifier
10.5281/zenodo.780543

Dol
10.5281/zenodo.780543

Landing Page
https://doi.org/10.5281/zenodo.780543 2

Release Date
2017-09-27

Modified Date
2020-04-15

Version
Version 3 10.5281/zenodo.3693783

Version notes

This version replaces version 2 to include EFSA Opinions, Statements and Conclusions up to
November 2019

81
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If there are multiple versions of a data set, the landing page should point to the latest
version of the data.

Example

The screenshot below shows a data set with the dcat:landingPage property set.

EU Veterinary Medicinal Product Database 8 <

I Description

The EU Veterinary Medicinal Product Database is intended to be a source of information on all
medicinal products for veterinary use that have been authorised in the European Union and the
European Economic Area. The database is hosted by the European Medicines Agency.

& eurovoc domains
Science and technology

Resources

&, DOWNLOAD EU Veterinary Medicinal Product Database | HTML

URI

http:/ /data.europa.eu/88u/dataset/eu-veterinary-medicinal-product-database

Landing Page

http:/ /vet.eudrapharm.eu/vet/ @

Release Date
2016-11-21

Modified Date
2019-01-09

Geographical Coverage

Romania, Slovakia, Slovenia, Sweden, Malta, Netherlands, Poland, Portugal, Belgium, Austria, Cyprus,
Bulgaria, Germany, Czechia, 5pain, Denmark, Finland, Estonia, United Kingdom, France, Croatia,
Greece, Ireland, Hungary, Lithuania, Italy, Latvia, Luxembourg

Language
English

Version
1.2.0.0
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Even if data sets are expressed in different file formats, they are still manifestations of
the same work. A new data format of a data set should be released by adding a new
distribution to the data set and changing the minor version number. For any changes
to the data itself, a new major version of the data set should be created. In any case, it
is important to update the dct:modified and owl:versioninfo properties.

Example

The screenshot below shows a data set with data being published in multiple formats.

Quiet areas in Europe 8 4

Description
The quietness suitability index (QSI) provides the overview with the highest (QSI=1) and lowest
(QSI=0) proportion of potential quiet areas in Europe.

eurovoc domains

Environment

Resources

3, DOWNLOAD ESRI File Geodatabase (zipped) | OCTET STREAM
2 DOWNLOAD GeoTIFF (zipped) | OCTET STREAM

3, DOWNLOAD OLDER VERSION - 2019-04-02 | HTMmL

URI
http://data.europa.eu/88u/dataset/DAT-209-en

Identifier
DAT-209-en

Landing Page
https: / /www.eea.europa.eu/data-and-maps/data/quiet-areas-in-europe-2 &3

The changes made to a data set can be documented using a changelog — a text file
that contains a list of the changes made between versions of a file (or multiple files)
in a structured and chronologically ordered way. Keywords like added’, ‘changed’ and
‘removed’ help distinguish the types of changes made. One standard of structuring a



:. 3. Recommendations for documenting data

84

changelog is called Keep a Changelog (), which uses Markdown (%) for formatting. A
command line tool is available for managing changelogs in this way (*/).

Example

The screenshots below show an example of a changelog formatted using Markdown.
The raw text file is depicted on the left. The Markdown has been rendered using the
Dillinger online tool (%¥), as can be seen on the right. The example features the seman-
tic versioning mentioned above.

Changelog
# ChangeLog 1.1.1 (2020-03-08)

## 1.1.1 (2020-03-08) Fixed:

+ Hotfix for OpenApi Yaml file load
**Fixed:** + Close models and datasets after use
* Hotfix for OpenApi Yaml file load Removed:

* Close models and data sets after use oot A ot
. recat L Ints

**Removed:** 1.1.0 (2020-03-06)
* Deprecated API endpoints
Added:
« Confignration of verticle i and worker pool size
Helpful links and tools
Title Description Link
Dillinger Online Markdown editor with preview https://dillinger.io/
(open source).
DoltHub Version control for databases (commer- https://www.dolthub.com/

cial / open source).

() https://keepachangelog.com/en/1.0.0/

(%) https://daringfireball.net/projects/markdown/
() https://github.com/churchtools/changelogger
(%) Rendered using https:/dillingerio/


https://keepachangelog.com/en/1.0.0/
https://daringfireball.net/projects/markdown/
https://github.com/churchtools/changelogger
https://dillinger.io
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3.4.5. Release one data set per table

For tabular data, each sheet should be published as a new data set. This maintains a
clear distinction between data and makes the data easier to process. Some formats,
like CSV, do not even feature the concept of multiple tables per file.

Example

A statistical data publisher's policy is to publish one (major) data set per table. Data sets
are updated twice a day, at 11.00 and 23.00. As statistics are updated on continuous
basis, the publisher provides only one access URL referring to the last update of the
data set. The same data set is expressed in different file formats (manifestations) with-
out any difference between their actual content. Each data set:

- is identified by a unique identifier;

- is supplemented by reference metadata describing the statistical concepts and
methodologies used to collect and generate the data and providing information
about data quality;

« has machine-readable (SDMX) and human-readable (HTML) documentation;

- provides a link to the landing page of the product data set in the data provider
website.
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The screenshot below shows a data set with a unique identifier, machine- and
human-readable documentation and a landing page.

Overcrowding rate by income quintile - total population -
EU-SILC survey B <

I Description

Overcrowding rate by income quintile - total population - EU-SILC survey

b eurovoc domains

Health, Education, culture and sport, Population and society

Resources

3, DOWNLOAD Download dataset in TSV format (unzipped) | Tsv
& DOWNLOAD Download dataset in TSV format | 2ip
& DOWNLOAD Download dataset in SOMX-ML format | zip

Documentation

3, DOWNLOAD ESMS metadata (Euro-SDMX Metadata structure) HTML
HTTP:/ /PUBLICATIONS.EUROPA.EU/RESOURCE/AUTHORITY /FILE-TYPE/OP_DATPRO
™ VISIT PAGE ESMS metadata (Euro-5DMX Metadata structure) SOMX
HTTP./ /PUBLICATIONS. EUROPA.EU/ RESOURCE/AUTHORITY [FILE- TYPE/OP_DATPRO

[ VISIT PAGE More information on Eurostat Website
HTTP.//PUBLICATIONS.EUROPA.EU/RESOURCE /AUTHORITY /FILE-TYPE /OP_DATPRO

URI
http://data.europa.eu/88u/dataset/vleTggw2eZCm65KQZo0xUg

Identifier
ile_lvho05¢q

Landing Page

http://ec.europa.eu/eurostat/web/products-datasets/- /ilc_lvho05q 2
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3.4.6. Deprecate old versions

If new, updated versions of data are published, the older versions should be marked
as deprecated and the new version should be linked to from the deprecated version.
This allows users to quickly identify old data and subsequently find the newest data.

Example

Predictincludes statistics on ICT industries and their research and development in Eu-
rope since 2006. It is published on a yearly basis, with one data set per year. As soon as
the latest version is published the previous version is deprecated, and a link referring
to the updated data set is added in the description, as shown in the screenshot below.

| [DEPRECATED]|2018 PREDICT Dataset 8 <

L Description

NOTE: The 2018 PREDICT Dataset has been deprecated, and it is now superseded by its latest edition
- 2019 PREDICT Dataset:

http:/ /data.europa.eu/89h/6¢6f7ce7-893b-48e9-b074-2baaadb6c7d8

PREDICT includes statistics on ICT industries and their R&D in Europe since 2006. The project covers
major world competitors including 40 advanced and emerging countries - the EU28 plus Norway,
Russia and Switzerland in Europe, Canada, the United States and Brazil in the Americas, China, India,
Japan, South Korea and Taiwan in Asia, and Australia -. The dataset provides indicators in a wide
variety of topics, including value added, employment, labour productivity and business R&D
expenditure (BERD), distinguishing fine grain economic activities in ICT industries (up to 22
individual activities, 14 of which at the class level, i.e. at 4 digits in the ISIC/NACE classification),
media and content industries (15 activities, 11 of them at 4 digit level) and at a higher level of
aggregation for all the other industries in the economy. It also produces data on Government
financing of R&D in ICTs, and total R&D expenditure. Nowcasting of more relevant data in these
domains is also performed until a year before the reference date, while time series go back to 1995,

ICTs determine competitive power in the knowledge economy. The ICT sector alone originates almost
one fourth of total Business expenditure in R&D (BERD) for the aggregate of the 40 economies under

scrutiny in the project. It also has a huge enabling role for innovation in other technological domains.
This is reflected at the EU policy level, where the Digital Agenda for Europe in 2010 was identified as

one of the seven pillars of the Europe 2020 Strategy for growth in the Union; and the achievement of
a Digital Single Market (DSM) is one of the 10 political priorities set by the Commission since 2015,
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3.4.7. Link versions of a data set

New versions or adaptions of a data set should use the dct:isVersionOf property to link
to other versions of the data set. However, the property dct:source should be used to
link to the original data set. Since this relationship is bidirectional, the original data set
can use the dct:hasVersion property to link to the new data set.

This screenshot shows a data set referencing a differ-

Example ent version using the property dct:hasVersion. Note

original data set the use of the adms:versionNotes property giving a de-
scription of the current version.

<dcat:Dataset rdf:about="http://data.europa.eu/dataset/government-data">
<dct:title xml:lang="en">Government Data</dct:title>
<dct:hasVersion rdf:resource="http://data.europa.eu/dataset/general-government-data"/>
<adms:versionNotes xml:lang="en">Initial release</adms:versionNotes>
</dcat:Dataset>

This screenshot shows a data set referencing the
Example L S ) X
v . original version it has been derived from using the
derived data set

property dct:isVersionOf.

<dcat:Dataset rdf:about="http://data.europa.cu/dataset/general-government-data">
<dct:isVersionOf rdf:resource= "http://data.europa.eu/dataset/general-data" />
<dct:title xml:lang="en">General Government Data</dct:title>

</dcat:Dataset>

Example

This screenshot shows a data set which links to the original source and parent data set.
This is done in both the description and the metadata properties.

Average Revenue per User (ARPU) in the Retail Mobile
Market 8 4

Description

Total retail mobile revenues divided by number of active SIM cards

Original source

Electronic communications market indicators collected by Commission services, through National
Regulatory Authorities, for the Communications Committee (COCOM) - January and July reports.:

http:/ /ec.europa.eu/digital-agenda/about-fast-and-ultra-fast-internet-access
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Parent dataset
This dataset is part of of another dataset:

http:/ /digital-agenda-data.eu/datasets /digital_agenda_scoreboard_key_indicators

eurovoc domains

Science and technology, Economy and finance

URI
http://data.europa.eu/88u/dataset/NaU)DKaulkIWX0YFtDz860Q

Identifier

mob_arpu

Alternative Title
Average Revenue per User (ARPU) in the Retail Mobile Market

Landing Page

http://semantic.digital-agenda-data.eu/codelist/indicator/mob_arpu 2

Type of Dataset
Statistical

Release Date
2014-05-22

Modified Date
2015-07-27

Temporal Coverage From
2010-01-01

Geographical Coverage

Slovakia, Slovenia, Sweden, Netherlands, Poland, Portugal, Romania, Belgium, Austria, Cyprus,
Bulgaria, Germany, Czechia, Spain, Denmark, Finland, Estonia, United Kingdom, France, Hungary,
Greece, Italy, Ireland, Luxembourg, Lithuania, Malta, Latvia

Language
English

Catalogue

European Union Open Data Portal

source

http:/ fec.europa.eu/digital-agenda/about-fast-and-ultra-fast-internet-access

is part of
http://data.europa.eu/88u/dataset/digital-agenda-scoreboard-key-indicators
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Helpful links and tools

Title

Data Versioning WG

Description

Research Data Alliance working group
(open source).

Link

https://www.rd-alliance.org/groups/
data-versioning-wg

Research Data Alliance best
practices

Principles and best practices in data
versioning for all data sets, big and small
(open source).

https://www.rd-alliance.org/group/
data-versioning-wg/outcomes/
principles-and-best-practices-data-
versioning-all-data-sets-hig



https://www.rd-alliance.org/groups/data-versioning-wg
https://www.rd-alliance.org/groups/data-versioning-wg
https://www.rd-alliance.org/group/
data-versioning-wg/outcomes/
principles-and-best-practices-data-
versioning-all-data-sets-big
https://www.rd-alliance.org/group/
data-versioning-wg/outcomes/
principles-and-best-practices-data-
versioning-all-data-sets-big
https://www.rd-alliance.org/group/
data-versioning-wg/outcomes/
principles-and-best-practices-data-
versioning-all-data-sets-big
https://www.rd-alliance.org/group/
data-versioning-wg/outcomes/
principles-and-best-practices-data-
versioning-all-data-sets-big
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4. Recommendations for
improving the openness
level

Introduction

The objective of this section is to help data publishers achieve the highest possible
openness level for their data, with a special emphasis on the publishing phase of the
data preparation process (see Figure 9).

Profiling Distilling Enriching Documenting Validating Publishing
=Understanding »Refining data =Augmenting data | =Data usage = Assessing data = Publishing
data recommendations | quality inopen,

= Structuring data

machine-readable
formats

= Exploring data
(values)

« (leansing data *Versioning

Data preparation process

Figure 9. Data preparation process - Publishing

In Section 4.1 the five-star model for measuring openness of data is introduced. The
following sections contain recommendations on how to achieve each level of the
model.

4. Five-star model

Openness is of particular importance when publishing data. It directly affects users’
ability to reuse and process data, and thus the value of data. In this section, openness
is discussed with regard to file formats.

Tim Berners-Lee’s five-star model (%), which was developed in 20071, is an attempt to
provide a scale for measuring the openness of data. Data can achieve a maximum of
five stars, indicating the highest level of openness. The ranks are cascading, meaning
that in order to comply with a certain rank, the criteria of the preceding ranks must
also be met. Regardless of actual data quality, the first star is awarded for using an
open licence. If data usage is restricted by a proprietary licence its quality is rendered
meaningless. In order to achieve a second star, the chosen file format must be (semi-)

(%) https://5stardata.info


https://5stardata.info/en/
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structured. A table stored as CSV is much easier to process than an image in which a
table is depicted. Next, usage of non-proprietary formats is required for a three-star
rating. Using URIs as identifiers for resources is required for a four-star rating. The deci-
sive characteristic for achieving the full five stars is linking data together to provide
context. An illustration of this hierarchy is shown in Figure 10. The following sections

contain recommendations for acquiring all five stars.
0L RE OF URI LD |
OL RE OF URI | g
OL RE OF a
0L RE

299

Figure 10. Cascading steps of the five-star model with exemplary file formats
Source: https://5stardata.info/en/

4.2. Use structured data (one = two stars)

As mentioned above, the first star is awarded for using an open licence. To achieve a
two-star rating, data must be structured. Table 5 in Section 4.6 gives an overview of
the common formats and indicates whether they are machine readable or not. Based
on this, the recommended formats for data publishers are RDF, XML, JSON and CSV.
Section 1.2 describes how to achieve well-structured data in these formats. Recom-
mendations are given on how to construct well-formed files, as well as an overview
of tooling support.

Example

This screenshot shows a data set which contains both PDF and XLS files. PDF is a for-
mat suitable for human reading. However, data publishers should make sure that they
also publish their data in a machine-readable format to enable others to easily process
the data. To achieve a two-star rating, data must be published in a machine-readable
format (or any other structured data format).
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She Figures 2015 - Gender in Research and Innovation
<

I Description

She Figures 2015 investigates the level of progress made towards gender equality in research &
innovation (R&!) in Europe. It is the main source of pan-European, comparable statistics on the
representation of women and men amongst PhD graduates, researchers and academic
decision-makers. The data also sheds light on differences in the experiences of women and men
working in research - such as relative pay, working conditions and success in obtaining research
funds. It also presents for the first time the situation of women and men in scientific publication and
inventorships, as well as the inclusion of the gender dimension (1) in scientific articles.

This compendium is produced in cooperation with Member States, Associated Countries, and
Eurostat. Further data sources are: Web of 5cience, European Research Area Survey 2014,

& eurovoc domains

Health, Education, culture and sport, Science and technology, Population and society

Resources

& DOWNLOAD She figures 2015 | PDF

&, DOWNLOAD She figures 2015 - data file | EXCEL XLS

Helpful links and tools

Title Description Link

PDF to XLS Free online tool for extracting tables https://pdftoxls.com/
from PDF into XLS files (open source).

PDFTables Paid online tool with an API for extract- https://pdftables.com/
ing tables from PDF into XLS, CSV, XML or
HTML files (commercial).

Coenterprise tableau ETL suite that supports PDF content https://www.coenterprise.com/
extraction into CSV files during the data  solutions/data-analytics/
preparation phase (commercial).

4.3. Use a non-proprietary format (two = three stars)

Using a machine-readable format is key to achieving a high openness level. However,
some formats, like XLS, are proprietary, which means that a certain piece of software —
in this case Microsoft Excel — is needed to fully process the file. Often, this kind of
software is not freely available. As accessibility for everyone is a core principle of open
data, proprietary file formats are not the correct choice. Thus, to receive the third star,
a non-proprietary file format such as ODS must be used. Table 5 in Section 4.6 gives
an overview of which formats are non-proprietary.
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Example

This screenshot shows tabular data in ODS format, opened in the non-proprietary
application LibreOffice.

[ population-seatntics o - LibreOfice Cale - 0 x
Ble Edt Yew juen Fomat Sthe Shest Deta Jook Medow Help

BowH DO RIXDBE S SO ANB BN NI ENE »
o dnEB I UIA-8- F-% 0@ 0poREE »
" dfes-= =T
l ! = I b 3 ° T
o |City Population size g;
: Berlin 3,669,491 =
» London 8,908,081 G
« Paris 2,187,526 &
-

L L ]

Shest 1641 gl English (UK} el @ Aoverage ; Sere —— |

Example

1 City;Population size
2 Berlin; 3669491

3 London; 8908081

4 Paris;2187526

This screenshot shows tabular data in
CSV, an open text-based format.

Helpful links and tools

Title Description Link

LibreOffice Open-source office suite supporting

OpenDocument formats (open source).

https://www.libreoffice.org/

24

OpenOffice Open-source office suite supporting http://www.openoffice.org/
OpenDocument formats (open source).

Microsoft Office Proprietary office suite which supports https://www.office.com/
OpenDocument formats from the 2013
version (commercial).

OnlyOffice Desktop and web-based collaborative https://www.onlyoffice.com/en/
office suite (commercial).

Recommended formats List of open formats recommended by https://www.ukdataservice.ac.uk/

the UK Data Service (open source).

manage-data/format/
recommended-formats



https://www.ukdataservice.ac.uk/manage-data/format/recommended-formats
https://www.ukdataservice.ac.uk/manage-data/format/recommended-formats
https://www.ukdataservice.ac.uk/manage-data/format/recommended-formats
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4.4. Use URIs to denote things (three = four stars)

Three-star data is easily processable, but isolated and hard to reference by others. In
order to achieve a four-star rating, URIs must be used to denote things. Of course,
the file itself should also be resolvable by a URI. The recommendation in this section
focuses on using URIs in the data itself.

‘Things' refers to resources or concepts within the data. For example, a city would be
a concept that could be denoted by the URI <http:/cities.org/berlin>, instead of the
plain identifier ‘Berlin’. In contrast, numbers, such as a population size, do not need to
be denoted as URIs. Things not considered a resource are called ‘literals’, the difference
being that literals only acquire meaning when used in conjunction with resources.
Numbers, Boolean values (true and false) and dates have little meaning on their own
and are thus literals. RDF graphs are made up of triples, consisting of a subject, predi-
cate and object. Subjects and predicates must always be resources, whereas objects
can either be resources or literals.

In order to replace identifiers with URIs, a first step can be looking at existing controlled
vocabularies and knowledge bases to see if the concepts already have widely adopted
URIs. These are covered in the next section. If none exist, the authority publishing the
data can publish its own ontology in order to define concepts that have not been
specified elsewhere.

Example

The first triple (yellow) consists of only resources, whereas the second triple (green)
contains a literal (the population number). They could be read as ‘Berlin is in Germany’
and ‘Berlin has the population size 3 669 491’ respectively.

<http://cities.org/Berlin> <http:/conjunctions.org/isin> <http://countries.org/Germany>
<http://cities.org/Berlin> <http://population.org/size> 3669491

The triples that make up RDF graphs are stored in dedicated databases called triple
stores. They can then be queried using SPARQL, a query language similar to SQL.

URIs can not only be used in RDF files though. All formats in which resources and
concepts are denoted by an identifier can make use of URIs.

Example

This screenshot shows the city population CSV file from earlier. Here, the city names
have been replaced with referenceable URIs.

City;Population size
£ : i i i ;'3669491
- 3 9 .852 !8! B
- o 2 5 - 2 8 35:35



http://cities.org/berlin
http://cities.org/Berlin
http://conjunctions.org/isIn
http://countries.org/Germany
http://cities.org/Berlin
http://population.org/size
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926

URIs should be unique on the web. This means that if two pieces of data have the
same URI, they mean the same thing. Additionally, using URIs allows other data pro-
viders to link to the data, which is required for achieving the five-star rating covered
in the next section.

Example

This screenshot shows the same data as in the CSV example above, albeit as RDF. Note
that all referenceable data is denoted with a URI (yellow boxes). The only exceptions
are the population numbers, which are literals (red boxes) and are not referenceable
(and do not need to be).

<rdf:RDF>

-<rdf:Description rdf:about="http://example.org/berlin">
<rdfitype rdf:resource="http://example.org#PopulationStatistic" />
<dcterms:location rdf:resource="http://publications.europa.eu/resource/authority/place/DEU_BER"/>

<dbpedia:populationTotal rdf:datatype="http://www.w3.org
/2001/XMLSchema#nonNegativelnteger"p3669491 k/dbpedia:populationTotal >

</rdf:Description>

-<rdf:Description rdf:about="http://example.org/london">
<rdfitype rdf:resource="http://example.org#PopulationStatistic" />
<dcterms:location rdf:resource="http://publications.europa.eu/resource/authority/place/ GBR_LON"/>

<dbpedia:populationTotal rdf:datatype="http://www.w3.org

/200l/XMLSchema#nonNegativelnteger'p 890808l /dbpedia:populationTotal>
</rdf:Description>

-<rdf:Description rdf:about="http://example.org/paris">
<rdf:type rdf:resource="http://example.org#PopulationStatistic" />
<dcterms:location rdf:resource="http://publications.europa.eu/resource/authority/place/FRA_PAR"/>

<dbpedia:populationTotal rdf:datatype="http://www.w3.org
/2001/XMLSchema#nonNegativelnteger"p2187526 k /dbpedia:populationTotal>

</rdf:Description>
</rdf:RDF>

Helpful links and tools

Title Description Link
ConverterToRdf W3Clist of tools that help convertvarious  https://www.w3.0rg/
files to RDF format (open source). wiki/ConverterToRdf
OpenlLink Virtuoso Open-source triple store (commercial). https://virtuoso.openlinksw.com/
SPARQL specification W3CSPARQL 1.1 specification (open https://www.w3.org/
source). TR/sparqgl11-overview/
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4.5. Use linked data (four = five stars)

The main benefit of using URIs to denote things is that it makes information refer-
enceable. Since the web is based mainly on HTTP, URIs are not only unique IDs, but
also directly resolvable, thereby pointing to the resource. The next step is to actually
link these pieces of information together in order to create linked data. A semantic
graph, also known as a knowledge graph, can only be constructed using RDF format.
A graph that is constructed this way can be traversed by resolving, i.e. dereferencing,
the HTTP URIs. This means data can be inferred and more relations can be discovered.
Data is enriched by adding URI references to other sources. Links can be established,
for example, to the controlled vocabularies published by the Publications Office or
DBpedia (*). The topic of enrichment by using controlled vocabularies and open
knowledge bases like DBpedia is covered in Part 2. Using RDF and linking data are
required to achieve the full five-star rating.

Example

This screenshot shows the same data as the example in the previous section. Here,
a property has been added which links the locations to their representations in
DBpedia, thereby creating linked data.

<rdf:RDF>
-<rdf:Description rdf:about="http://example.org/berlin">
<rdf:type rdf:resource="http://example.org#PopulationStatistic" />
<dcterms:location rdf:resource="http://publications.europa.eu/resource/authority/place/DEU_BER"/>

<owl:sameAs rdf:resource="http://dbpedia.org/resource/Berlin"/>

<dbpedia:populationTotal rdf:datatype="http://www.w3.org
/2001/XMLSchema#nonNegativelnteger"> 3669491 </dbpedia:populationTotal>
</rdf:Description>
-<rdf:Description rdf:about="http://example.org/london">
<rdf:type rdf:resource="http://example.org#PopulationStatistic"/>
<dcterms:location rdf:resource="http://publications.europa.eu/resource/authority/place/GBR_LON"/>

<owl:sameAs rdf:resource="http://dbpedia.org/resource/London"/>

<dbpedia:populationTotal rdf:datatype="http://www.w3.org
/2001/XMLSchema#nonNegativeInteger">8908081 </dbpedia:populationTotal>
</rdf:Description>
-<rdf:Description rdf:about="http://example.org/paris">
<rdfitype rdf:resource="http://example.org#PopulationStatistic" />
<dcterms:location rdf:resource="http://publications.europa.eu/resource/authority/place/FRA_PAR"/>

<owl:sameAs rdf:resource="http://dbpedia.org/resource/Paris"/>

<dbpedia:populationTotal rdf:datatype="http://www.w3.org
/2001/XMLSchema#nonNegativelnteger">2187526</dbpedia:populationTotal>
</rdf:Description>
</rdf:RDF>

(*) https://wiki.dbpedia.org/


https://wiki.dbpedia.org/
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Helpful links and tools
Title Description Link
EU Vocabularies and Authority EU Vocabularies and Authority Tables https://op.europa.eu/en/web/
Tables have been developed for the Publications  eu-vocabularies/authority-tables
Office in order to facilitate the exchange
of data between the different infor- https://op.europa.eu/en/web/
mation systems of the EU institutions eu-vocabularies/dcat-ap-op

(legislation, calls for tender, etc.) and
describe data sets (open source).

DBpedia Linked data version of Wikipedia https://wiki.dbpedia.org/
contents (open source).
OpenRefine With an RDF plugin this tool can import https://openrefine.org/

data in formats like CSV, JSON, and XML
and map this data to an existing ontology

(open source).

(leaning data with OpenRefine This article describes how to discover https://doaj.org/article/
inconsistencies in data and how to 3¢cd075407a4481c85c0d00d65a003¢0
diagnose the accuracy of data with
OpenRefine ().

4.6. File formats and their achievable openness level

The table below shows a list of commonly used formats along with information on
whether they are machine readable and proprietary. The right-hand column indicates
the number of stars that can be obtained when using this format for data publish-
ing. The formats were selected based on the analysis performed in the data profiling
phase. Ideally, the formats highlighted in green should be used. If this is not possible,
formats from the yellow section should be used. Resorting to formats highlighted in
red should be avoided, as only a one-star rating can be achieved with these.

(*) De Wilde, M., van Hooland, S. and Verborgh, R, ‘Cleaning data with OpenRefine, The Programming Historian,
1 August 2013, Editorial Board of the Programming Historian, United Kingdom, 2013.
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4. Recommendations for improving the openness level .:

Table 5. File formats and their achievable openness level

Format Non-proprietary Machine readable Achievable stars
RDF Yes Yes DOOO
XML Yes Yes DGO
JSON Yes Yes DGO
(&) Yes Yes DG
0Ds Yes Predominantly SOD
XLSX Yes Predominantly QOO
XLS No Predominantly 00
TXT Yes Predominantly Dkl
HTML Yes Predominantly o
PDF Yes No DO
DOCX Yes No <
oDt Yes No D
PNG Yes No <

GIF No No <
JPG/JPEG No No o
TIFF No No <
DOC No No o

* Strictly according to the 5-star model, this format would have to be rated with three
stars, since the data may well be designed to be machine-readable. However, we
only give one star because this format was not originally intended to represent
machine-readable but humand-readable content. Representing machine-readable
content in this format does not meet best practice and is therefore not recommend-
ed by the authors.
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Glossary o

Accessibility

The degree to which required data can be accessed by data users, possibly including
authentication and authorisation.

API (application programming interface)

An APl is a programming interface. It is provided by a software system and allows
other programs to communicate with this system.

APIs are often provided by data publishers and allow programs or apps to read the
data directly over the web. To do this, the app sends a query to the API for the required
data. The advantage of providing data via an APl is that the entire data set does not
need to be downloaded - it is possible to provide only the required data. This also
ensures that the data is up to date.

Array

Arrays are list-like types of objects that represent a collection of elements that can be
selected by corresponding indices.

Attribute

In the XML description language, an attribute represents a name-value pair that is
part of a day. An attribute can only occur once per day and can only contain individual
values.

Backward compatibility

Backward compatibility is the capacity of a hardware or software to interact with data
and interfaces from earlier versions of the system or with other systems.

Boolean (values/type)

Boolean is a data type that can only contain one of the two possible values ‘true’ and
false’

camelCase

Spaces and special characters can hinder the automated processing of data. Therefore,
it is advisable to group identifiers consisting of multiple words into one. In camelCase
typography, the first character of each word is capitalised, except the first one. This is
independent of the type of word.

Character encoding
Character encoding translates between characters and bytes through an encoding
system.

Client

A client may be understood as an instance consuming data and can be a person or a
computer. Typically, the client requests resources from a server. For example, a browser



loading a welbsite would be considered a client, with the website being provided by
the server.

CSV (comma-separated values)

CSV is a standard format for structured data. Because of its simplicity, openness and
machine readability, CSV is often used for publishing open data.

data.europa.eu

The official portal for European Union data providing a single point of access to open
data from international, EU, national, regional, local and geo data portals (https:/data.
europa.eu/en).

Data blending
Data blending is the process of merging data from different sources into one func-
tioning data set.

Data catalogue

A data catalogue combines metadata with data management and search tools to
improve data findability and to serve as an inventory and overview of possible uses
for data.

Data cleansing

Data cleansing or data cleaning is the process of detecting and removing incorrect
and/or inconsistent data from a record set.

Data preparation

Data preparation is the process of collecting, cleaning and consolidating data to cre-
ate a consistent data set that can be used for analysis.

Data provider

The data provider is defined as the entity that provides content via a platform acces-
sible to users. Decisions on the publication, terms of use and formats reside with the
data provider.

Data set

A data setis a quantity of data that is related in content. A data set usually contains one
or more resources, for example covering different formats, and metadata describing
the content of the resources.

Data user

Data users are natural or legal persons who are entitled to use the data provided by
the data provider for their own purposes and who are responsible for doing so in
accordance with the conditions of use.

DCAT-AP
(Data Catalogue Vocabulary Application Profile for Data Portals in Europe)

DCAT-AP is a standard based on the DCAT developed by the W3C and used for
defining and structuring metadata for data sets from public authorities. It defines
metadata fields and ranks them by importance, i.e. mandatory, recommended and

Glossary .:
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optional. For example, data sets must have a title, but providing a version is optional.
For the greatest level of compatibility with users this standard should be followed as
closely as possible.

DMP (data management plan)

A DMP is a written document that specifies what data is expected to be produced or
acquired in a research project, how large the data set will be, how it will be analysed
and described, how it will be stored and how it will be published and preserved.

Element

In XML, an element is a field containing data. An element is defined using tags and can
also contain attributes.

Endpoint

An endpoint is a remote computing device that interacts with a network to which it
is connected. Examples of endpoints are desktops, laptops and smartphones. End-
points are vulnerable to cybercriminal activity.

Escaping

Escaping means making characters usable in data that are otherwise reserved for for-
matting. It is done by replacing the characters with specific codes. Without escaping,
these characters would be interpreted as markup, which could break syntax validity.

EU ODP (European Union Open Data Portal)

Up until 21 April 2021 (when the European Data Portal and the European Data Portal
were consolidated to become data.europa.eu — see glossary entry above), the EU ODP
provided, via a metadata catalogue, a single point of access to data from the EU insti-
tutions, agencies and bodies for anyone to reuse.

Findability
The degree to which metadata and data is easy to find for humans and computers.

FAIR principles

The FAIR principles for scientific data management and stewardship published in
Scientific Data (**) aim at enhancing the findability, accessibility, interoperability and
reuse of digital assets.

GET request
In HTTP a GET request is a method for requesting a resource from a server.

Header

The term header refers to supplementary information of a file or protocol. For example,
in CSV files a header line indicates variable names (and type/format if applicable) to
be found in each column. In HTTP, headers allow a client or server to transmit supple-
mentary information with a request.

(*3) Wilkinson, M., Dumontier, M., Aalbersberg, I. et al,"The FAIR guiding principles for scientific data management and
stewardship, Scientific Data, Vol. 3, Article No 160018, Macmillan Publishers Limited, 2016 (https://rdcube/cfaVN).
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HTTP (hypertext transport protocol)

HTTP is one of the core technologies of the internet. It defines methods and status
codes used for sending data between clients and servers.

ID

An ID is a unique identifier for a related set of data. Consecutive numbering is often
used for this purpose. A URl is also a kind of ID.

Inspire

The infrastructure for spatial information in the European Community (Inspire) is an
initiative of the European Commission that aims to create a European spatial data
infrastructure for the purposes of a common environmental policy.

Interoperability

The degree to which data can be integrated with other data and interoperates with
applications or workflows for analysis, storage and processing.

JSON

JSON is a powerful format that is well suited to data exchange between different ap-
plications. It can handle complex data structures, is easy to read for both humans and
machines and is independent of platform and programming language.

Literal

In the context of RDF, a literal denotes a simple data value. Only RDF objects may be
literals. Unlike RDF resources, these are not encoded with a URI and thus cannot be
referenced from outside their ‘own'’ triple. Literals are often used for data that loses its
meaning outside its own triple, for example people’s names.

Machine readability

In principle, all data that can be interpreted by software is machine readable. In the
context of open data this usually means data formats that enable further processing.
The underlying data structure and corresponding standards must be publicly available
and should be fully published and available free of charge.

Masking

Masking means hiding characters in data that may otherwise be interpreted incorrect-
ly. For example, if commas were used as separators in a CSV file, commas in the data
themselves would need to be masked.

Metadata

Metadata is used for the acquisition and description of a data set in a structured form.
For example, metadata contains information about the content, title or format of a
record. In short, metadata is data about data or references to the actual data. Metadata
usually follows a certain schema which provides mandatory and optional information
about the data set.

Glossary
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Namespace

Namespaces are used to prevent name conflicts in projects by ensuring that objects
have unique identifiable names.

Null value

A null value indicates the complete absence of data. This should not be confused with
an empty character string or the numeric value 0, since these contain actual informa-
tion. A null value is therefore rather to be understood as an unknown value.

Payload

A payload is the transmitted data that contains the actual content. Metadata and
HTTP headers (if applicable) are not part of the payload.

PascalCase

Spaces and special characters in identifiers can complicate data processing. If identi-
fiers consist of several words, it is recommended that words be combined into one.
In PascalCase notation the initial letters of each word are capitalised to facilitate
human readability. This happens irrespective of word class, i.e. even verbs and adjec-
tives begin with a capital letter.

RDF (resource description framework)

RDF is a model for storing data and metadata. It stores linked data in the form of
triples.

Resource

In the context of RDF, a resource is defined as a data unit that can be related to other
resources. A resource is usually unambiguously referenceable. The subject and predi-
cate are resources and the object can be either a resource or a literal.

Resource ID

A resource ID or resource identifier is typically a string of characters used to reference
and identify a resource.

Reusability

The degree to which data is optimised to be reused for replication and/or combination
in a different setting. Reusability is achieved through well-specified metadata and data.

Server

A server provides data. Clients can send a request to the server, upon which the re-
quested data is sent back to the client. For example, a website residing on a server on
the internet can be loaded by a browser, i.e. the client.

Status code, HTTP

An HTTP status code is a standardised numeric value that provides information about
the success of an HTTP request. All values within certain number ranges have a similar
meaning, while the concrete numbers give a more precise differentiation. All codes
in the range from 400 to 500 indicate errors on the client side. For example, code 403



shows that the request was not authorised, while 404 indicates that a resource is not
available.

String

A string is a data type that is used to represent text. It includes characters and can
include spaces and numbers.

Tag

In XML, a tag is the designation of a data unit. A keyword enclosed in arrow brackets
marks the opening tag (<example>). The same keyword preceded by an arrow brack-
et and a slash and a closed by an arrow bracket marks the closing tag (</example>).

Triple

In RDF, a triple is the combination of a subject, a predicate and an object. This combina-
tion represents a unit of meaning. In RDF data is always stored in the form of triples. The
corresponding database is called a triplestore.

URI (uniform resource identifier)

A URIis a unique reference to a resource. It can consist of letters and/or numbers; spaces
are not allowed. A URI can point directly to the location of the resource, for example
when using a network address (URL).

URL (uniform resource locator)

A URL is a subtype of URI. In contrast to a URI, a URL always points to a resource that
can be found, so it is both identifier and address at the same time. Internet addresses
or email addresses are URLs, for example.

UTF-8

UTF-8 is a widely used way of representing characters. Especially in connection with
special characters, this type of storage ensures the greatest possible compatibility
with other programs. It is the encoding of choice on the web.

Validator

A validator checks the syntactical correctness of code.

w3cC

The World Wide Web Consortium is an international community for standardisation
on the World Wide Web.

XML (Extensible Markup Language)

XML is a file format used for storing hierarchically structured data. It was designed to
be machine readable and readable by humans.

Glossary .:
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Checklist for publishing
high-quality data

Make your
data FAIR(")

(") https://www.go-fair.org/
fair-principles/

Define data = Data characteristics: structure, modelling
management -Data documentation
plan - Data quality assurance
«Data sharing

Before collecting
your data

«Data storage and dissemination

-Validate and clean your data

Assess data > Remove duplicates
quality > Mark null values
- Standardise your data

> Format date, time, numbers

Reusability, accessiblity > Check character encoding

+Document schemas and data models
+Document data changes and versions
«Document semantics of data

Document
your data

+Document data validation report
+Document validation rules

Reusability

«Reuse concepts from controlled

Enrich your vocabularies

data

~Harmonise labels
- Dereference translation of labels

Interoperability «Link and augment your data

- Offer direct access
Publish your (accessible download URL)
data «Use machine-readable open formats

«Publish under an open licence
«Publish documentation about your data
«Use URIs and linked data

Reusability, accessiblity

Facilitate
data
discovery «Describe your data with rich metadata

Findability


https://www.go-fair.org/
fair-principles/
https://www.go-fair.org/
fair-principles/
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