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Web Intelligence Hub (WIH)
❑ The WIH is the pillar of Trusted Smart Statistics that provides 
the fundamental building blocks for harvesting information from 
the web to produce statistics

❑ Mission: “a high-quality source of data extracted from web 
content, methodologies and algorithms, ready to be used to 
produce European and national official statistics”

❑ Collaborative effort: Eurostat, NSIs, statistical authorities and 
partners

❑ Community of experts: Web Intelligence Network, CEDEFOP

❑ WIH Platform: technical components and services

❑ Current use cases:

• Online Job Advertisements

• Online Based Enterprise Characteristics (OBEC)

• Multinational Enterprises (MNE)
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https://ec.europa.eu/eurostat/cros/content/trusted-smart-statistics-%E2%80%93-web-intelligence-hub_en
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Outline
• Introduction

• Quality frameworks and Big Data

• UNECE Big Data Quality Framework 
(2014)

• Eurostat pipeline on enterprise data from 
Wikipedia

• Assessment of Wikipedia as a source of 
Big Data on Enterprises

• Conclusions, next steps



Free online 
encyclopedia, hosted by 
Wikimedia Foundation

Created in 2001

World's largest 
reference website

Over 62 million articles 
in 300+ languages.

Open editing by 
volunteers

Potential source of 
enterprise data
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Wikipedia facts



Eurostat feasibility study 
of 2021 NTTS 2023

Wikipedia has a potential 
as a source of data on 
Enterprises

Since 2022 developing a 
data collection on 
enterprise data from 
Wikipedia
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Can be used as a source of 
data on Enterprises?



Data Quality Frameworks 

ESS Quality Framework: 
Developed by Eurostat and NSIs

Big Data Quality Frameworks:

UNECE BDQF 2014: Technical 
approach, three phases: Input, 
Throughput, Output
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ESS Quality Framework: principles and quality dimensions 
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Professional independence

Mandate for Data Collection and Access to Data

Adequacy of Resources

Commitment to Quality

Statistical Confidentiality and Data Protection

Impartiality and Objectivity

Sound Methodology

Appropriate Statistical Procedures

Non-excessive Burden on Respondents

Cost Effectiveness

Relevance

Accuracy and Reliability

Timeliness and Punctuality

Coherence and Comparability

Accessibility and Clarity



Big Data vs traditional data collections
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Big data collected from non-traditional sources:

• from the web via scraping or via APIs

• generated by scanners (i.e. scanner or bar-code data)

• by mobile network operators (MNO data)

• from traffic cameras

• Etc.



UNECE 2014 Big Data Quality Framework
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•Developed by Statisticians for Statisticians, in 2014

•Approaches Big Data collections in a more appropriate, more “technical” way



UNECE 2014 Big Data Quality Framework
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Hyperdimension / Phase Input Throughput Output

Source Institutional/Business 
Environment System Independence Institutional/Business 

Environment

Privacy and Security Steady States Privacy and Security

Metadata Complexity Quality Gates Complexity

Completeness Accessibility and Clarity

Usability Relevance

Time-related factors

Linkability

Coherence-consistency

Validity

Data Accuracy and 
selectivity Accuracy and selectivity

Linkability Linkability

Coherence-consistency Coherence-consistency

Validity Validity

Usability Time-related factors



Eurostat's 
Wikipedia 
Data Pipeline
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Identification and 
extraction of 
Wikipedia article 
titles

Crawler 
configuration on 
Web Intelligence 
Hub

Content 
acquisition in 
wikitext format

Extraction of 
Infobox Company 
template

Extraction of 
variables of 
interest from 
Infobox Company

Data and 
metadata 
decomposition

Data 
standardization

Mapping to SDMX-
CSV format

Output of dataset
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Input phase



Institutional Environment
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This dimension refers to the institutional and organisational factors which may have a significant influence 
on the effectiveness and credibility of the source or of the agency producing the data.

•Stability:

• Part of the non-profit Wikimedia Foundation

• More than sixty-two million articles in more than 300 languages, including 6,809,459 articles in 

English, with 123,762 active contributors in March 2024

• Develops at a rate of over 2 edits every second and it averages 536 new articles per day

• Possiblity for a user to download the complete Wikipedia database in form of dump files. This allows 

for a user to keep archives or vintages of the database forever

• Can be considered a stable source



Institutional Environment
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•Funding Model: 
•Relies on public funding campaigns rather than advertisements
•Potentially ensuring a certain degree of independence
•Potential sustainability risks if funding falls short.

•Transparency: 
•Any person can edit articles, with the history of edits (revisions) always available



Privacy and Security
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This refers to the consent (active or passive) of the source to allow the scraping or downloading of its data, of 
whether physical

Passive Consent to download/extract data

Wikipedia allows data downloads via its API and dump files, subject to the conditions of the so called 
“robots.txt” policy

While formal consent was not successful to obtain, using the API was straightforward, without problems



Complexity
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This dimension refers to the lack of simplicity and uniformity in the data structure including hierarchical 
complexity, the data format and the data source

• Data are generally unstructured
• With some exceptions: Infobox templates

Luckily for enterprise articles, Wikipedia has a specific template called 'Infobox Company’. 

This template is a quasi-structured placeholder for demographic and economic variables for enterprises. 

This provided a relatively structured, stable 'environment' of data for our data collection.



Complexity

The conference is partly 
financed by the European Union

17

Infobox company template, 
on a web browser



Complexity
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Infobox company template, 
in wikitext format

Wikitext: Wikipedia’s own 
markup language



Complexity
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Overall medium complexity of the format of the data

For certain variables, (ISIN, website) parsing of data rather easy, due to relative 'standard' of formatting:
• domain.com for website variable 
• 12 character alphanumeric code for ISIN

For economic variables, net_income, assets, web content not always followed expected format

In some other cases the parsing became rather more complex, as it required the development of ad-hoc 
regular expressions



Complexity
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Wikipedia does not use standard codelists

• We developed dictionaries (ontologies of strings) to map all possible strings on Wikipedia to a specific 
Eurostat standard code
• {Euro, Euros, Eur, euro, €} mapped to code 'EUR' of the Eurostat standard codelist 'CURRENCY’

• Few cases with formatting and currency of numbers in non-western system
• Indian Rupees 
• values expressed in Canadian format



Completeness
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This dimension refers to the extent to which metadata are available for a proper understanding and use of 
data

Wikipedia provides a basic definition of all variables of the Infobox Company template as well as a 
formatting template for users. 

• Not of ESS standards

• A form of structural metadata (i.e. metadata explaining data structure definition and record layout)?

Editors of articles not always respect this recommended template - formatting



Completeness
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For some variables, value is missing on Wikipedia (not edited by user), but fetched from Wikidata if exists 
there

• I.e. data available in html format but not in wikisource



Usability
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This dimension refers to the extent to which we are able to work with and use the data without the 
employment of specialised resources or place significant burden on existing resources; and the ease with 
which it can be integrated with existing systems and standards.

Wikitext is Wikipedia's own markup language

Expert skills on regular expression to parse content from the infobox Company template

OpenSearch for data storage (NoSQL, json-like documents): potential training for a statistician to query and 
analyse this type of data



Timeliness and Periodicity
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This refers to the added value of Big Data to be more timely and frequent than certain Official Statistics.

Timeliness of data from Wikipedia is mixed

Early estimates for specific subpopulation of enterprises with available data on Wikipedia:

• For 40% of enterprises: data of reference year T updated with a delay of T+3 months after the reference 
period

• For 20% of enterprises: data refer to T-2 year reference period
• For a remainder 40% data were even older

More analysis required when more data are collected

A traditional data collection on enterprise timeliness would be at least T+12 months,  potential for 
subgroups of population: e.g. large enterprises? 



Accuracy (representativeness)
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This refers to the degree to which the information correctly describes the phenomena it was designed to 
measure. Selectivity or representativeness refers to whether the information available on the Big Data 
Source differs from the information for the in-scope population

At this moment not possible to provide a quantitative assessment

Need to cross-check the data from Wikipedia against other reference datasets



Accuracy (representativeness)
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However some qualitative aspects:

• Infobox company template used on approximately 85 000 articles 
• 78 368 articles refer to 'company' (https://w.wiki/9jrW) 
• 24 322 articles, articles referring to 'Enterprise' (https://w.wiki/9jrc) across all languages of Wikipedia

• I.e. a potential population of 85 000 -110 000 enterprise articles

https://w.wiki/9jrW
https://w.wiki/9jrc


Accuracy (representativeness)
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• Selective in terms of coverage of the total population of enterprises globally

• May cover better specific sub-populations? Big enterprises, or multinational companies

• Average number of monthly pageviews of the English Wikipedia article 'Volkswagen Group’ = 120 000 
during May 2023-April 2024

• Financial reports are cited as reference for the economic variables: a proxy indicator of a high 
accuracy of information for these articles? 

• Further work needed in this direction



Coherence and linkability
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Coherence: extent to which the dataset follows standard conventions, is internally consistent, is consistent over time and 
with other data sources. 

Linkability, described as the ease with which the data can be linked or merged with other relevant datasets and 
consistency refers to the extent to which the dataset complies with standard definitions and is consistent over time.

Wikipedia definitions for economic and demographic variables seem to follow common principles and 
concepts. 

• Clear definitions: ISIN, headquarters location, website
• Potential evaluation by domain experts: revenue, net_income, assets, turnover and 

number_of_employees



Coherence and linkability
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• Presence of linking variables: ISIN or website

• An assessment of the linkability of a specific sub-population of this dataset with EGR data was done 
by Eurostat in an earlier study (NTTS 2023)



Coherence and linkability
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However: 

• absence of ex-post validation of data at Wikipedia level
• no guarantee that values will be correct
• Processing errors in the form of data entry, typo or coding errors, or rounding issues may be found

Finally, yet no long time-series of this data is available, cannot evaluate consistency over time, in the future 
when more data will become available
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Throughput phase
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Refers to all intermediate stages between acquisition of the data and dissemination

3 important principles:

•System independence: the processing and transformation of the data should not be dependent on the 
system that is performing them

•Steady States: accessible intermediary versions of the dataset, which meet certain quality criteria

•Quality Gates: checkpoints in the statistical process at which the quality of the data is explicitly assessed



Throughput phase
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Use of only open source tools: Apache Storm Crawler, OpenSearch database , R and Python

Early decision to use steady states to store the result of each step of the pipeline in the form of an easily 
accessible intermediate dataset

Evaluate any issues that may arise during the process and apply corrective actions if needed



Throughput phase
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Area of improvement: absence of intermediary quality gates during the different steps of the process

Desing of a rather traditional (linear) approach of collecting, extracting and processing the data, leaving the 
validation of the data at the end of the process

Costs in resources between the different iterations and releases of the pipeline

• To identify an error we had to run the complete pipeline and only evaluate the final output (dataset) for 
potential errors

• Lesson learnt and plans for refactoring the code base
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Output phase
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The quality of the output refers to the reporting, dissemination and transparency of the data and the 
process

Privacy and confidentiality of the dataset: Wikipedia's text are co-licenced under the Creative Commons 
Attribution-ShareAlike 4.0 International Licence (CC BY-SA) and the GNU Free Documentation Licence
(GFDL). 

• Dataset produced by this pipeline can be accessible by any user

Complexity of the final dataset (output): no complexity in data structure/ format, as it follows and uses 
standard codelists and formats of SDMX



Output phase
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At the moment no public formal documentation of the process is available. 

Code base (Python) is available on Eurostat Gitlab

Process is being tested and refactored to meet higher standards of performance, efficiency and quality of 
the data before moved to PROD

Assessment of the accuracy and the selectivity of the data needs to be further carried out

Data can be collected whenever users need it
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Conclusions
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Wikipedia, despite its open-editing nature, offers a rich and timely source of data that can enhance the 
statistical understanding of enterprises, particularly in terms of data timeliness

The Input phase highlighted Wikipedia's stability and transparency as a data source, albeit with 
challenges in data complexity and standardization

The Throughput phase emphasized the need for quality gates in data processing to maintain data 
integrity and reduce resource costs

Challenges: variability in data formats, need for advanced data processing techniques

Future work: evaluating accuracy, representativeness and consistency of Wikipedia-sourced data to 
enhance utility and reliability, move to prod for future users



Thank you

Alexandros.BITOULAS@ext.ec.europa.eu

Fernando.REIS@ec.Europa.eu

ESTAT-WIH@ec.europa.eu

https://ec.europa.eu/eurostat/web/main/home
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Stay connected

mailto:Anca-Maria.KISS@ext.ec.europa.eu
mailto:Fernando.REIS@ec.Europa.eu
mailto:ESTAT-WIH@ec.europa.eu
https://ec.europa.eu/eurostat/web/main/home
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