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Abstract—The lack of granular and rich descriptive metadata
highly affects the discoverability and usability of the digital
content stored in museums, libraries and archives, aggregated
and served through Europeana, thus often frustrating the user
experience offered by these institutions’ portals. In this context,
metadata enrichment services through automated analysis and
feature extraction along with crowdsourcing annotation services
can offer a great opportunity for improving the metadata quality
of digital cultural content in a scalable way, while at the same
time engaging different user communities and raising awareness
about cultural heritage assets. Such an effort is CrowdHeritage,
an open crowdsourcing platform that aims to employ machine
and human intelligence in order to improve the digital cultural
content metadata quality.

Index Terms—crowdsourcing, automatic enrichment, user val-
idation, annotations model

I. INTRODUCTION

Cultural Heritage (CH) includes the sites, things, and prac-
tices a society regards as old, important, and worthy of
conservation. It has been the subject of increasing popular
and scholarly attention worldwide, and its conceptual scope
is expanding. In recent years, the Cultural Heritage sector has
seen an incredible transformation: accelerated digital evolution
in the form of massive digitisation and annotation activities
along with action towards multimodal cultural content gener-
ation from all possible sources has resulted in vast amounts
of digital content being available through a variety of cultural
institutions, such as museums, libraries, archives and galleries.
In addition, the evolution of web technologies has contributed
in making the Web the core platform for the circulation,
distribution and consumption of a broad range of cultural
content.

Initiatives aiming to aggregate digital cultural content in
national and international level and make it easily available
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to cultural and creative sectors have appear during the last
decades, amongst which the Europeana1 and the Digital Public
Library of America2 stand out. They operate as cross-domain
hubs, making content accessible to users, readily available for
search and study and reuse through creative applications and
web services. But although their main strength lies in the vast
number of the items they contain, their main weakness is the
lack of structured and rich descriptive metadata and/or the
insufficient metadata quality. Such a problem highly affects the
accessibility, visibility and dissemination range of the available
digital content, also limiting the usability and the potential
of added-value services and applications that re-use these
resources in innovative ways, limiting also the user experience.

Metadata quality improvement and enrichment are major
challenges that receive increasing attention in the digital
cultural heritage domain. They have been traditionally manual
processes facing the problem of scale, since improving or
even adding new metadata to hundreds of thousands or even
millions of records coming from different sources requires
significant investment in time, effort and resources, which
cannot usually be afforded by aggregators and cultural heritage
institutions. The bottleneck of scale in CH metadata enrich-
ment can be currently surpassed owing to the evolution of
Artificial Intelligence (AI) and the rise of crowdsourcing ini-
tiatives. The latest advancement in AI and Machine Learning
(ML) technologies facilitate the metadata enrichment process
by providing capabilities of ingesting and analyzing almost any
amount and type of data. In addition, crowdsourcing initiatives
and campaigns, viewed as efforts of harnessing the crowd
or the potential of the crowd to solve complex problems at
scales and rates that no one individual can, have proved to
be a powerful tool to obtain input from the crowd and assist
metadata enrichment. In this context, metadata enrichment
services through automated analysis and feature extraction
along with crowdsourcing annotation services available in a
centralized way through a dedicated platform can offer a
remarkable opportunity for improving the metadata quality of
digital content stored in platforms such as Europeana while
at the same time engaging users and raising awareness about
cultural heritage assets.

1https://www.europeana.eu/portal/en
2https://dp.la/978-1-7281-5919-5/20/$31.00 ©2020 IEEE
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In this paper we present CrowdHeritage, an open crowd-
sourcing platform that aims to employ machine and human
intelligence in order to improve the metadata quality of
digital cultural heritage collections available in the Europeana
portal. Specifically, CrowdHeritage utilizes advanced artificial
intelligence automated processes to extract metadata from CH
content and exploits the power of the crowd by mobilising
users to execute useful tasks for the enrichment and vali-
dation of selected cultural heritage metadata of Europeana.
The users are engaged through crowdsourcing campaigns and
are enabled to add annotations (e.g. semantic tagging, image
tagging, geotagging etc), depending on the type of content and
missing metadata, and validate existing annotations (e.g. by
upvoting or downvoting) in user-friendly and engaging ways
(e.g. through leaderboards or rewards). The remaining of this
paper describes the CrowdHeritage platform, Its functionalities
and its campaigns so far.

II. PLATFORM ARCHITECTURE AND FUNCTIONALITIES

The development of the platform was conducted in collabo-
ration with stakeholders who were involved in the definition of
the user scenarios and evaluation tasks by actively participating
in the necessary discussions in order to concretize the func-
tional requirements for the technological platform, identify
the content for the campaigns and carefully shape every
detail regarding the campaigns’ execution. Cultural Heritage
Institutions (CHIs) and associations such as the ModeMuseum
Antwerpen3, Network of European Museum Organisations4

and the Philharmonie de Paris, strongly influenced the ob-
jectives and outcomes of CrowdHeritage, and broader target
audiences (students, teachers) provided useful feedback for the
proper functioning of the CrowdHeritage platform. The devel-
opment of the platform was implemented in line with the agile
principles, where three versions of functional requirements
were developed, each one directing the next development
sprint and taking into account the evaluation results of the
previous iteration.

A. Platform overview

The platform consists of three basic components: (i) the
content aggregation and collection management system (ii)
the Crowdsourcing Web Spaces where end-users can navigate
through selected collections of cultural records and add differ-
ent annotation types and (iii) the administrative user interfaces
facilitating the design, customization and validation process of
the campaigns. The system architecture and the connections
between the different components is illustrated in figure 1.

The platform is fully compatible with Europeana by fol-
lowing its standards [1] for modeling the CH records and
Annotations and employing its services to retrieve cultural
content and publish the enrichments. In particular, the platform
is connected to the Europeana Search and Record API and
requests for specific cultural resources stored in Europeana
in order to make them available for crowdsourcing. After

3https://www.momu.be/en/
4https://www.ne-mo.org/

Fig. 1. CrowdHeritage System overview

the enrichment of the cultural records by the crowd, the
annotations are validated by the campaign organizers and sent
back to Europeana through the Europeana Annotation API.

The backend layer of the platform is built on top of
existing technologies for the aggregation and reuse of Cultural
Heritage content form Europeana. i.e. the WITH platform
[2] [3], since the latter is already providing access to digital
CH resources along with management services. The WITH
database layer was extended in order to support the storage
of Annotations and the backend of the application was also
interlinked with the Europeana Annotation API to publish the
produced Annotations to the Server.

The CH content is aggregated through federated and faceted
search services, allowing for the simultaneous search of multi-
ple searchable CH repositories such as Europeana, DPLA and
Rijksmuseum, giving access to a huge set of heterogeneous
items (images, videos, different metadata schemata etc). The
integration with MINT [4] [5] offers an alternative data import
mechanism, providing workflows for the ingestion, formal
mapping and transformation of metadata records that are
not hosted in the popular CH repositories. The aggregated
content is converted into a homogeneous data model based
on EDM [1], organized into thematic collections by one or
more collaborators and stored in a NoSQL database making
them available for crowdsourcing via the Campaign Editor.
The content can be further enriched with the use of automatic
enrichment methods, described at section IV.

The CrowdHeritage platform was designed to fully support
multilingualism by providing translated texts in English, Ital-
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ian and French for the platform’s text, campaigns’ descriptions
and instructions. The online thesauri and vocabularies inte-
grated into the platform were also chosen to be multilingual
so as the annotating process could support translated tags in
the three above languages.

B. Functionalities for end users

The registered CrowdHeritage users are able to contribute in
whichever running campaigns, via a simple and user-friendly
interface, with a quick learning curve, without any professional
knowledge for most of the campaigns. The content in the
platform is organized under thematic collections of cultural
records enabling end-users to navigate, choose a collection,
browse through the records and their metadata and select the
ones to enrich. The platform facilitates the semantic annotation
of records with terms form controlled online vocabularies and
thesauri, color-tagging and geotagging items by pinpointing
their location.

CrowdHeritage also provides information and statistics
about each campaign, like its percentage-based progress de-
pending on the set annotation goal, the total count of the
contributors and gamification elements such as leaderboards
consisting of the most active users, making crowdsourcing a
user-friendly and engaging experience. The user is encouraged
to add more annotations and gain two points for new anno-
tations and one point for an up-vote or down-vote pursuing
the gold, silver or bronze badge which, depending on the
campaign, can be accompanied with a prize.

In every campaign page, CrowdHeritage provides statistics
for each user regarding their contribution on the campaign,
e.g. total number of new annotations, down-voted or up-voted,
the number of digital cultural objects they have annotated,
and their ranking in the campaign leaderboard, based on the
awarded points for their contribution and determining the
badge they have earned. Furthemore, the user karma points
are calculated i.e the percentage of inserted annotations which
have not been down-voted by other users, defining a quick
way of identifying malicious users who may insert quick and
unrelated annotations in order to gain points.

Non logged-in users can browse the list of the available
campaigns with basic information: banner, title, description,
thumbnail, start date, end date, contributors, annotation target,
current number of annotations, and percentage of completion
and can filter the list of campaigns according to their status. By
opening a campaign, more detailed information and statistics
appear as well as a grid with the collections available for
crowdsourcing containing their records, visualization (photo,
video, sound), metadata and existing annotations. The cam-
paign leaderboard is also visible illustrating the 12 most active
users of the campaign.

The end-users who are logged in the platform can also
contribute to the campaigns, meaning that they can add new
labels to the records. In color-tagging, this is accomplished by
selecting the desired color from the palette of available colors.
In tagging and geotagging the contributors can tag the records
by typing the desired tag into the relevant text field, displaying

a list of suggested terms derived from the relevant thesauri or
vocabularies. The users can validate existing annotations by
up-voting or down-voting them depending on whether or not
they agree with them or even delete their own annotations. The
annotation process for the end-users is illustrated in figure 2.

C. Administrative functionalities

The platform also offers administrative functionalities for
the campaign organizers such as a custom campaign editor and
an annotation validation interface. Via the platform, a group
can launch its own customized crowdsourcing campaign, in
order to procure annotations (tagging, color tagging, geo-
location tagging) from the public, for digital cultural collec-
tions the group has selected and finally moderate the campaign
results by validating the produced annotations.

The campaign organizers can launch ad-hoc crowdsourcing
campaigns through the campaign editor, which enables the cre-
ation, editing, deletion and preview of custom crowdsourcing
campaigns. The campaign editor provides access to various
campaign parameters related to its appearance, annotation
process and content thus enabling the organizers to define
the basic features of the campaign i.e. title, description and
duration, choose banner, populate the campaign with collec-
tions either by directly importing a Europeana collection or by
searching into Europeana and curating their own collections.
Subseqtuently, they are able to design the desired annotation
process, by setting a target for the campaign, selecting the
vocabularies and thesauri for the derived annotations and
choosing the type of annotations they need from tagging,
geotagging or color-tagging. They can also compile the in-
structions for participants and describe the prizes for the top
three contributors.

The campaign organizers can access the validation interface
where they can moderate the crowd produced annotations.
Even though the crowd validates the annotations, the modera-
tion step by the organizers was deemed necessary. In some
cases the annotations required expert knowledge and even
some trivial cases can cause ambiguity e.g. the dominant
colour of an outfit. Furthermore, the moderation step aims
to remove some correct yet unhelpful information about the
records which were tagged with obvious but general annota-
tions (e.g. womenswear). Through the validation interface, the
organizers can view the popular tags of campaigns, click on
them, find out the records tagged with each term and untag
the irrelevant records assuring useful and valid annotations. A
sample screenshot of the process is depicted in figure 3.

III. ANNOTATIONS METADATA MODEL

Platform users can add annotations to cultural heritage
objects. An annotation is a note/comment associated with a
resource that can be added on top of the resource without
modifying the resource itself. The project’s annotation model
is based on W3C’s Web Annotation Model [6], which has
a structured model and format to enable annotations to be
shared and reused across different hardware and software
platforms. The CrowdHeritage annotations are all derived
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