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1. Introduction
An information system is an arrangement of people, data, processes, and information technology that interact to collect, 
process, store, and provide as output the information needed to support an organization (Whitten et al., 2004). They 
originate in the business environment to manage, store, process and retrieve data, in order to produce information. 
They are collaborative environments by design, fostering sharing and teamwork, which is becoming increasingly impor-
tant in the humanities. They predate the Internet (Hirschheim; Klein, 2012), but today the Web constitutes the ideal 
environment to deploy their technological component, thanks to user-friendly browsing interfaces, which employs tools 
widely familiar to the users, and the ability to operate almost independently, in terms of hardware and software, of both 
server and client-side operating systems. In addition to that, the Web is also an enabling factor that supports and favors 
opening these systems to other research groups or to society (Toscano, 2018).

The domain of application of this study are digital humanities (DH), a relatively recent trend in the study of the past, 
which stands at national and international level, both as an area of research and as a preferred subject for funding 
(Burdick et al., 2013; Toscano et al., 2020). In this context, web information systems (WIS) constitute a central piece 
in the process of digitization of research: through the different phases of planning, modeling, implementation, and 
use, they propitiate, and in a certain way force, the raising of new questions and the reformulation of existing ones, 
which ultimately constitutes the main challenge of DH at pre-
sent (Rodríguez-Ortega, 2018). These systems represent, in 
many cases, the starting point of that process and often the 
first opportunity for the researcher using traditional methods 
to face the series of problems and opportunities generated by 
the digital turn.

In the development process of a WIS (Figure 1), once the data 
model has been designed and the functionalities needed to 
meet the user community requirements have been evalua-
ted, it is necessary to choose the most appropriate working 
environment for the following software implementation. This 
paper focuses specifically on that phase, through a critical re-
view of existing software solutions for the implementation of 
web-based information systems in humanities and cultural he-
ritage (CH). An individual and comparative analysis of different 
application frameworks commonly used in these fields, either 
generic or developed for a specific research domain, has been 
carried out, considering their main functionalities, strengths, 
and weaknesses.

Humanities can no longer ignore IT solutions to manage the 
rising amounts of data and information they produce, and to 
support knowledge generation through quantitative approa-
ches, which have progressively grown in popularity. Research 
in the humanities increasingly depends on how information is 
structured and managed and how, based on that information, 
new knowledge is produced through interpretative processes. 
Additionally, participatory approaches, which often rely on 
WIS as their supportive infrastructure, have made an impact 
on the most recent historiographical trends, in particular in 
the methodological framework of public history and digital pu-
blic history (Gallini; Noiret, 2011; Noiret, 2018; Pons, 2018). A 
growing interest from society to participate in co-creative and 
collaborative projects in the humanities and CH has been de-
tected (Bocanegra-Barbecho et al., 2017; Bocanegra-Barbe-
cho, 2020), through social networks and within the framework 

Figure 1. Infographic of the core phases in the development of a 
customized WIS.
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of Citizen Science initiatives (Hedges; Dunn, 2018; Rid-
ge, 2014; Terras, 2016). For these reasons, new public 
historians, and digital humanists in general, represent 
the main target audience of this paper, as promoters and 
makers of digital resources and infrastructures.

Data, particularly in disciplines that study the past, do 
not tend to become outdated and, once stored in a struc-
tured way, can be exploited and reworked over decades. 
It is not the same for WIS, which belong to a continuously evolving environment, strictly dependent on the technologies 
available and used at a given time. In this regard, any review remains a snapshot of the current state of the technological 
evolution in a specific sector. Despite this, or precisely for this reason, it is necessary to comparatively review existing 
software solutions frequently used for research projects in the humanities and CH. Relying only on familiarity and pre-
vious experience with a specific software, which anyway are subjective factors worth considering, entails the risk to fall 
into the so-called golden hammer issue (Brown et al., 1998), i.e. the obsessive application of a familiar technology to 
solve a wide variety of different problems. As stated by software developer Gilgado (2014): 

“The problem with using the same tools every time you can is that you don’t have enough arguments to make a 
choice because you have nothing to compare to and is limiting your knowledge”.

The aim of this paper was to produce such a review from an operational and implementation perspective, in order to 
provide readers with an understanding of the various possibilities available to build information systems, their positives 
and limitations, also based on different users’ requirements. The final goal was to facilitate a critical and reasoned deci-
sion making among the available options, guiding the makers of those systems, both researcher(s) and developer(s), and 
providing them also with a common ground of terms and use cases to facilitate their necessary dialogue (Scheuermann; 
Kroeze, 2017).

The text is organized in five chapters, beyond this introduction: the methodology, which introduce the type of products 
under analysis and explain the criteria followed for their selection; the description of the selected software packages, 
organized in four sections; the comparative analysis, which present the discussion of results; a chapter devoted to limi-
tations, and then the conclusions.

2. Methodology
Among software solutions used to build WIS, at least three main categories can be identified: 

-	 Content Management System (CMS); 
-	 Digital Assets Management (DAM);
-	 Virtual Research Environment (VRE). 

CMSs are mainly used to collect, store, and publish on the Web alphanumeric digital content generated collaboratively 
by users, according to a certain workflow and in a user-friendly environment (Martinez-Caro et al., 2018). DAM is a 
type of CMS focused on objects collections management: assets and media, along with their metadata, rather than al-
phanumeric content (Jiménez, 2003). VREs are similar to CMS, but built specifically for research, as virtual laboratories 
to support collaboration and provide built-in analytical and visualization tools (Candela et al., 2013). Because of their 
specificities and their relevance for our domain of application, we decided to treat software solutions aimed to crowd-
sourcing (Oomen; Aroyo, 2011) as an additional separate category.

In order to select specific packages within these four groups, we established basic inclusion and exclusion criteria:

-	 Free and OpenSource Software (FOSS), allowing custom modifications, integrations, and adaptations without any res-
trictions, in order to meet the needs of DH projects;

-	 software under active development and maintenance1;
-	 evidence of use cases and proven applications in the field of humanities or CH2.

This review excludes, despite their popularity, software packages that offer by default limited customization and where 
the management of unstructured content prevails over data and metadata management and manipulation, as is the 
case, for example, of Joomla or WordPress.

Criteria used for the analysis come from the comparative examination of official documentation, combined with the 
approach taken in recently published similar reviews (Nishanbaev et al., 2019). The resulting set is quite wide, compri-
sing 15 parameters, but that does not exclude that some relevant factors may have been left out.

They have been grouped into three blocks; 

1) The first includes essential features, like file formats handled, mapping, translatable interface, batch importing and 
exporting, and features extensibility via modules or plugins. 

2) The second block focuses on data modelling and information retrieval functionalities, which is the distinctive set of 
features a WIS is expected to provide (Lenz; Oberweis, 1998). 

Humanities can no longer ignore IT solu-
tions to manage the increasing amounts 
of data and information they generate, 
and to support knowledge generation 
through quantitative approaches, which 
have progressively grown in popularity
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3) The third block comprise some additional features that we considered worth including either because they respond to 
an interesting trend toward decoupled applications –REST API and Mobile app– or because they facilitate initial adoption 
and long-term maintenance –respectively online demo and SaaS (Software as a Service). 

Identified criteria are not exempt from possible limitations linked, for example, to the wide set of software selected. 
That means that we cannot exclude that analysing, for instance, each category of software with a specific set of criteria 
would have provided some additional insight. In this regard, we decided to favour the intercomparability across a set of 
solutions that are often used as alternatives in similar contexts. We decided to proceed this way also because, thanks the 
progressive incorporation of new functionalities, the differences between software of different categories are gradually 
diminishing. 

To carry out the comparative analysis, a combined approach has been taken testing each software package. Whenever 
possible, the protocol involved the analysis of the official documentation combined with the use of the online demo. In 
the few cases where a demo was not provided (Table 7), the software has been installed on a remote server. In addition 
to that, most of the selected software has been already subject of individual reviews published in research papers, which 
have been also taken into consideration during the analysis and cited in following chapter 3.

3. Description of selected software packages
There is a relevant number of technological solutions developed to address the needs of managing structured informa-
tion and documentation on the Web. While some are clearly alternatives to each other, others cover a variety of diffe-
rent user cases, with functionalities that overlap only in part, and are more difficult to compare. A representative, albeit 
incomplete and temporary, list of FOSS applications used in the field of DH includes the following: 

1. Content Management Systems:

-	 MediaWiki
-	 Drupal
-	 BackdropCMS
-	 WissKI
-	 Mukurtu
-	 Omeka Classic
-	 Omeka S
-	 AlchemyCMS

2. Digital Assets Management:

-	 Islandora
-	 Arches
-	 CollectiveAccess

3. Virtual Research Environment:

-	 ResearchSpace
-	 Nodegoat

4. Crowdsourcing:

-	 Zooniverse
-	 Pybossa
-	 EnrichEuropeana
-	 CrowdHeritage

As we will see in the following chapters, all the selected packages provide the developer with a working environment 
ready for configuration, with a greater or lesser degree of customization.

3.1. Content Management Systems
MediaWiki is the base software for Wikipedia and other Wikimedia Foundation projects. Launched in 2003, since then 
it grown a lot in popularity and has been used within a wide range of contexts. Its use in DH projects is widespread, for 
example for collaborative transcription activities (Causer; Wallace, 2012; Transcribe Bentham, 2021), catalogs of herita-
ge assets (Chevalier et al., 2012; Care, 2020), text corpus (Rutherford et al., 2018) and all kinds of digital collections, in 
particular with the use of its extension Semantic MediaWiki, which adds functionality for structured data handling, SQL 
and SPARQL support and granular permissions control.

Drupal is a modular, multipurpose, and highly configurable software platform. It is the third most popular CMS3, with a 
market share of 4.7%. Compared to its competitors, from which it differs by a steeper learning curve and greater flexi-
bility, it is considered like a Content Management Framework (CMF), i.e. an environment for the development of custo-
mized web applications. In the latest versions4 integrates by default functionality for handling and querying structured 
data. It has several strengths: the high number of available modules5, which cover needs very relevant for the DH sector6; 
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the possibility of combining modules to implement additional functionalities; its robust mapping and geocoding options; 
a very large community of users and developers. Drupal has been widely used in DH projects (Dombrowski, 2016a; 
2016b; Velios; Martin, 2017), especially its version 7, launched in 2011 and whose official support has been extended 
until the end of 2023. The release of version 8, in 2015, has introduced some relevant changes in the base architecture7, 
oriented to cover mainly the needs of large companies, which has increased development cost and web hosting requi-
rements. Overall, these changes have slowed the adoption rate of Drupal 88 (Figure 2) and, in particular, its use in DH 
projects (Dombrowski, 2018). Additionally, it has led to the creation, in 2015, of a derivative fork: BackdropCMS. Version 
9, which maintains a strong continuity with version 8, was launched on June 3, 2020, but its use is still marginal.

As we have pointed out, BackdropCMS was lunched as a fork of Drupal 7, with the aim to improve many of its short-
comings, under the principles of customization, affordability, speed, backward compatibility, and extensibility. It puts 
emphasis, in its development roadmap, on the editorial experience workflow and the support for multiple and right-to-
left (RTL) languages. That, coupled with Drupal 7’s legacy in terms of data modeling and dynamic view creation, makes it 
particularly attractive in the context of DH and for custom WIS development. Currently, its major disadvantages are the 
level of adoption9, still scarce if compared to Drupal, and the relatively low availability of modules10.

An interesting phenomenon in the context of Drupal are its distributions11: pre-configured versions that bring together 
a set of modules to meet the requirements of a specific domain of application, some of which are very relevant for the 
scope of this paper. It can be considered new software that uses Drupal as the base component. Two of the most inte-
resting distributions in the fields of CH and DH projects are Mukurtu and WissKI.

Mukurtu is a FOSS tool to provide digital access to CH. It has been co-designed to meet the particular needs of indigenous 
communities to manage, communicate and share their heritage digitally, in a culturally relevant and ethical manner. It 
has been developed and is currently maintained by the Center for Digital Scholarship and Curation at Washington State 
University. It is oriented in particular towards metadata curation, to correctly describe and tag community’s indigenous 
heritage, providing differential access to information for community members and for the general public, through what 
it calls “cultural protocols” (Wilberg, 2014). Its development roadmap, which is public and has been recently updated12, 
involves the migration to Drupal 8 with Mukurtu version 4, scheduled for late 2021, and a one-year transition period for 
users to migrate to the new version, before official support for Drupal 7 ends.

Table 1. Basic characteristics of selected CMS

Category Software Version 
analyzed Updated on Released on Programming 

languages Developer(s) License

CMS

MediaWiki 1.35 25/09/20 2003 PHP, JavaScript Wikimedia Foundation GPLv2+

Drupal 7.77 03/12/20 2011* PHP, JavaScript Drupal community GPLv2/v3

Drupal 8.9.11 03/12/20 2015* PHP, JavaScript Drupal community GPLv2/v3

BackdropCMS 1.17.4 26/11/20 2015 PHP, JavaScript Backdrop PMC GPLv2+

Mukurtu 2.1.6 23/11/20 2012 PHP, JavaScript CDSC – WSU GPLv3

WissKI 8.x-2.3 06/11/20 2012 PHP, JavaScript FAU-GNM-ZFMK GPLv2+

Omeka Classic 2.7.1 28/01/20 2008 PHP CHNM – GMU GPL

Omeka S 3.0.1 20/10/20 2017 PHP, JavaScript CHNM – GMU GPL

AlchemyCMS 5.0 17/07/20 2010 Ruby C. Fregin, T. von Deyen BDS

* For Drupal we state the publication date of each version analyzed instead of the initial release date, that was 2001. 

Figure 2. Adoption and usage rate of different Drupal versions, from 5 to 9.1. The use of version 7, with 64% of the total, continues to be prevailing. 
Source: https://www.drupal.org/project/usage/drupal

https://www.drupal.org/project/usage/drupal
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WissKI is defined by its creators as a web based VRE and CMS. Despite being multipurpose, it has an explicit focus on 
DH13. It has been developed by three scientific institutions, namely: 

- 	 the Digital Humanities Research Group of the Department of Computer Science at the Friedrich-Alexander-University 
of Erlangen-Nuremberg, 

- 	 the Department of Museum Informatics at the Germanisches Nationalmuseum in Nuremberg and 
- 	 the Biodiversity Informatics Group at the Zoologisches Forschungsmuseum Alexander Koenig in Bonn. 

It implements semantic web concepts and is clearly oriented towards scientific research projects that collect, store, 
manage and communicate knowledge produced in those contexts, with a focus on long-term interoperability (Scholz; 
Goerz, 2012). It incorporates the ontology Erlangen CRM, which is an OWL-DL 1.0 (Web Ontology Language) implemen-
tation of Cidoc-CRM, even if it supports any other ontology. As RDF store, it uses the ARC triplestore that provides a 
SPARQL endpoint to query available data (Nishanbaev et al., 2019).

From a DH perspective, Omeka is considered one of 
the main alternatives to Drupal and its distributions. Its 
structure is designed primarily to manage digital collec-
tions of objects, enriched with metadata. It has been 
developed since 2007 by the Roy Rosenzweig Center for 
History and New Media at the George Mason Universi-
ty (Virginia), as a software solution for cataloging and 
presenting cultural objects from libraries, museums, ar-
chives, collections, and virtual exhibitions (Alcaraz-Mar-
tínez, 2012). It is currently available in two different 
versions: Omeka Classic and Omeka S. The first one, oriented towards individual projects and the education sector, is 
based on the Dublin Core metadata standard and its functionalities can be extended through plugins. The extension 
possibilities are much more limited than in Drupal, but there are modules very relevant to our area of interest, such as 
Neatline, to incorporate maps and timelines, and Scripto, a tool for collaborative transcriptions. Omeka S, whose first 
version was released at the end of 2017, has a more institutional scope, as a centralized resource from which to develop 
multiple platforms. Furthermore, it is not limited to Dublin Core, but can implement multiple vocabularies/ontologies 
and facilitates the use of linked open data. In both versions, the metadata standards-based data model architecture is 
the main difference with Drupal, where the data model is fully customizable. In addition to storing items directly in the 
Omeka database, it is also possible to import digital objects (XML files, such as TEI or EAD, images or videos) from a Fe-
dora Commons repository, as linked data, through the FedoraConnector module (Gruber, 2020).

To complete this section, it is worth to include AlchemyCMS, the CMS used by Europeana Virtual Exhibitions. At the softwa-
re level, it is a headless platform, i.e. it provides only a backend built as a repository of structured content, which it delivers 
through a RESTful API. Because of its own architecture, it focuses on storing pure content, without markup language, style, 
or formatting. It does not provide a ready-to-use platform but makes available the necessary components to develop a 
custom CMS. It integrates ImageMagick technology and is therefore particularly suitable for the creation of image-based 
systems. The project started as a proprietary application in 2007, under the name washAPP, and became an open-source 
initiative in 2010. It offers a comprehensive and well-structured documentation and has a solid and active developer base.

3.2. Digital Assets Management (DAM)
Table 2. Basic characteristics of selected DAM

Category Software Version 
analyzed Updated on Released on Programming 

languages Developer(s) License

DMS

Islandora 7.x-1.13 03/09/19 2006 PHP, Java, JavaScript Islandora Foundation GPL

Arches 5.1 27/10/20 2013 Python, JavaScript Getty CI – World 
Monuments Fund GPLv3

CollectiveAccess 1.7.9 01/01/21 2007 PHP, JavaScript Whirl-i-Gig GPLv3

Turning to the category of DAM systems, Islandora represents a well-established software solution for the creation of 
digital collections and the long-term preservation of resources. It comes from the combination of Fedora and Drupal, to 
help institutions and organizations to manage and locate collections of digital objects, in a collaborative way with their 
public. Originally developed by the University of Prince Edward Island Robertson Library, it is now maintained through 
an international foundation. It uses Fedora as a repository for digital objects storage, access control and versioning; 
Drupal for web interface development, user interaction, metadata creation, taxonomies, and extendibility via modules14. 
Islandora adds to the combination between Fedora and Drupal a whole series of specific modules (microservices) for 
the configuration of the platform and its interoperability with external services. It can store and display a wide variety 
of objects: images, audios, videos, PDFs, collections, paged content (books, newspapers, serials) and binary files (Ruest; 
Stapelfeldt, 2014; Stapelfeldt; Moses, 2013).

Data, particularly in disciplines that 
study the past, do not tend to become 
outdated; it is not the same for web in-
formation systems (WIS), which belong 
to a continuously evolving environment, 
strictly dependent on the technologies 
available and used at a given time
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CollectiveAccess software began to be developed in 2003 under the name OpenCollection, by the company Whirl-i-
Gig, but released its first public version only in 2007 (Alcaraz-Martínez, 2014). It is designed to manage and publish 
on the Web large and heterogeneous collections of libraries, museums and archives that require support for different 
metadata standards (Dublin Core, PBCore and VRA Core are integrated), reference thesauri (Library of Congress subject 
headings, Getty, GeoNames), file formats (images, video, audio, multi-page documents, 3D scans, etc.) and a variety of 
visualization options (zoomable high resolution images, annotations, dynamic timelines, maps, etc.). At a software level, 
CollectiveAccess is based on two main components: Providence, as the backend cataloging platform, and Pawtucket, as 
the frontend querying and publishing interface.

Turning to the more specific field of CH management, a very complete solution is Arches. It has been developed jointly by 
the Getty Conservation Institute and the World Monuments Fund, with broad participation of international heritage pro-
fessionals. It is primarily intended for institutional use, with the purpose of creating digital inventories that describe the 
type, location, extent, cultural periods, material culture and preservation conditions of heritage resources, establishing 
relationships among them. It includes: a system to define, structure and manage data; several query and visualization 
tools to search, identify and represent entities (also at the spatial, temporal, and fuzzy level); a project and tasks ma-
nagement tool, to organize data editing establishing customized workflows. It supports the use of multiple ontologies, 
starting from Cidoc-CRM, and the definition of controlled vocabularies (Carlisle et al., 2014). In addition, it follows the 
Open Geospatial Consortium standards, which means that the platform is compatible with desktop GIS applications. 
Since version 4, it offers the mobile application Arches Collector, intended for projects involving field data collection and 
editing. Recently, Arches core capabilities and underlying technologies have been extended to cover a wider range of 
use cases15. For example, through the “Arches for Science” initiative, whose first version is scheduled to be released by 
summer 2021, it aims to support the community of researchers in the field of heritage science and conservation.

3.3. Virtual Research Environments (VRE)
Table 3. Basic characteristics of selected VRE

Category Software Version 
analyzed Updated on Released 

on Programming languages Developer(s) License

VRE

Research 
Space 3.4.0 20/02/20 2018 JavaScript, TypeScript, Java The British Museum GPLv3+

Nodegoat 7.3 17/09/19 2013 PHP, JavaScript, C++ Lab1100 GPLv3

ResearchSpace is a VRE developed by The British Museum in collaboration with the German company Metaphacts and is 
currently in pre-release. It employs graph-based data modeling and semantic Web technologies to support CH research. 
It emphasizes the graphical representation of knowledge, rather than cataloging, and promotes collaborative research 
(Oldman; Tanase, 2018). It provides an integrated environment of features designed to reproduce research methods, 
including Cidoc-CRM-based semantic search, clipboard and semantic annotation, image manipulation and annotation 
tools using IIIF (International Image Interoperability Framework), and knowledge maps. Although it is still in an early 
stage of development, its use has been documented in several disciplines, such as: in Archaeology, the Gravitate project, 
focused on providing an IT solution to establish cultural or physical relationships among heritage artifacts; in Art History, 
the project Late Hokusai; in the History of Science, the CorpusTracer project (Kräutli; Valleriani, 2018).

Nodegoat shares with ResearchSpace an approach oriented to dynamic information visualization and to the genera-
tion of knowledge. It is a VRE developed since 2011 by LAB1100, a University of Amsterdam spin-off. It includes data 
management, network analysis and graphical visualization tools. Nodegoat is designed to develop WIS focused on re-
search, rather than for content storage and preservation. It allows users to co-create datasets based on custom-designed 
models. In the same management environment, it offers modules to analyze and visualize these datasets relationally, 
diachronically, and spatially (Bree; Kessels, 2013). It has been used in various humanistic disciplines, for a wide variety 
of use cases16, particularly in projects where the research questions were closely linked to combined analyses of space 
and time variables. A free, but limited, version of Nodegoat is available as SaaS, while the other usage options require 
a subscription of an annual service contract. The complete source code is available to download for free, but rather to 
ensure the transparency of the project than for independent use.

3.4. Crowdsourcing
Table 4. Basic characteristics of selected software packages for crowdsourcing

Category Software Version 
analyzed

Updated 
on

Released 
on

Programming 
languages Developer(s) License

Crowdsourcing

Zooniverse online 20/12/20 2009 JavaScript, Ruby Fingerprint Digital Media Apache 2.0

Pybossa 3.3.0 20/12/20 2013 Python Scifabric GPLv3+

EnrichEuropeana 1.0 01/12/20 2019 PHP, Java, JavaScript EnrichEuropeana project GPLv2/EUPLV.1.2

CrowdHeritage 1.0 05/12/20 2019 JavaScript AILS-Lab EUPL V.1.2
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Zooniverse is a portal arisen in 2009 from the collabora-
tive project Galaxy Zoo. It is not limited to the humani-
ties but embraces initiatives from any field of scientific 
research. It is based on open peer-to-peer collaboration 
and offers the possibility to create projects for data co-
llection and manipulation involving society. It has a very 
large community of users, which in 2019 reached 1.6 mi-
llion volunteers. Despite publishing much of its code in 
open source, it is intended to be used as a service through its web platform. It offers ad hoc tools for assigning tasks to 
participants, as well as the ability to upload datasets (usually images) on which volunteers are asked to perform actions; 
the structure of its data model cannot be adapted to specific cases (Simpson et al., 2014).

Pybossa is an open-source framework for the development of platforms for data collection, analysis, and enrichment 
in a collaborative environment. It was launched in 2013 by the Spanish company Scifabric, which is still in charge of 
its development. It offers functionalities for the transcription of handwritten documents, video, and audio; analysis of 
multimedia objects; geolocation of files; identification and tagging of objects, faces, sounds, etc., in images, audio and 
video; identification of entities in digitized works, such as animals, people, sentiments, etc.; enrichment of records and 
files with metadata. Its area of application is not limited to citizen science projects, and many of its use cases come from 
the humanities. It is worth noting that the technology offered by Pybossa constitutes the base infrastructure of the BNE 
Community initiative, promoted in 2019 by the National Library of Spain in collaboration with Red.es (Sánchez-Nogales, 
2019). BNE Community is an open and distributed platform for collaborative work on the digital collections of the Na-
tional Library of Spain, similar to Zooniverse, but with two relevant differences: researchers cannot provide their own 
data; new projects can be suggested, but not created directly. Users can be assigned tasks such as object identification, 
text, and audio transcription, georeferencing, tagging and labeling, metadata enrichment and OCR correction. BNElab, 
which oversees its development, has added new functionalities to the core technology that has made available for reuse.

EnrichEuropeana is the name of a software package developed as part of the homonymous project, funded by Europea-
na and the European Commission between 2018 and 2019, and then again up to 2022 as EnrichEuropeana+, in order 
to renew and extend the technological infrastructure of the Transcribathon platform (Sciotti, 2019). Like other crowd-
sourcing platforms, it offers features for transcribing, annotating and geo-referencing historical documents, although it 
has a narrower scope of application than the others described above. At the technological level, it is composed of three 
modules: a frontend application, made up of a customized version of WordPress and an IIIF viewer; an API for semantic 
enrichment; a data transfer infrastructure for the exchange of information between Europeana and the Transcribathon 
platform.

The CrowdHeritage platform is the latest initiative promoted by Europeana in this field. It was created to use crowdsour-
cing to improve the quality of digital CH metadata indexed in Europeana, as well as in other databases of heritage insti-
tutions with public APIs. It was developed by the National Technical University of Athens, in collaboration with the Euro-
pean Fashion Heritage Association, the Michael Culture Association, the French Ministry of Culture and the Europeana 
Foundation (Kaldeli et al., 2021). Unlike other software solutions in this field, the tools available are somewhat more 
restricted, including content annotation features, semantic markup through thesauri and vocabularies, color analysis 
and collaborative geo-tagging. User participation is promoted through gamification, using a leaderboard and awarding 
badges. All the code is available as open source and can be used to implement similar platforms, although this is not the 
aim of the initiative.

4. Comparative analysis
Once the description of the different selected applications has been completed, Tables 5-7 show a comparison of their 
main characteristics, divided into three categories: 

-	 essential features; 
-	 information structuring and retrieval; 
-	 additional features.

They group up to 15 properties, which are usually necessary for the creation of WIS and are often required by the pro-
moters and users of those systems.

The intrinsic risk in the elaboration of comparative tables is to oversimplify for the benefit of getting an overall view. In 
some cases, the quality and completeness in the implementation of a certain feature are very different from one softwa-
re to another and to point out the simple presence/absence with a tick mark may be reductive. To partly compensate 
this limitation, we introduced two variants: “L” for limited implementation, which means partial or experimental; “E” 
for extension, where the functionality depends on an external module, which by itself does not describe its quality, but 
indicates its level of integration and perspective of maintenance. 

In terms of target audience, at least two 
trends can be identified: software de-
veloped with institutional customers in 
mind, versus application frameworks 
suited more for individual projects, with 
custom structure and functionalities
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Table 5. Comparison of the essential features of the analyzed platforms

Software Basic formats* Advanced 
formats** Maps Multi-language Import / export Extensible via 

modules

MediaWiki X E E X X X

Drupal 7 E E E X E X

Drupal 8/9 X E E X E X

BackdropCMS X L X X X

WissKI X E E X*** X X

Mukurtu X E X X*** X X

Omeka Classic X E L X X X

Omeka S X E L X X X

AlchemyCMS X L L

Islandora X X X X*** X X

Arches X X X X X X

CollectiveAccess X X X X X

ResearchSpace X X X

Nodegoat X X X

Zooniverse X X L X

Pybossa X X X L X X

EnrichEuropeana X

CrowdHeritage X X

Legend: E = extension; L = limited.
* PDFs, images, audio, and video. ** 3D objects, collections, paginated content, binaries, KML, etc. *** Multilanguage support based on Drupal, 
but not available for the distribution interface.

We divided the management of different formats between basic and advanced, since practically all the selected appli-
cations include the former by default, while more advanced formats support is guaranteed only in the case of DAMs, at 
core level, and in most CMSs, through extensions. Mapping functionalities, which are of unquestionable importance for 
the study of the past, are covered in the vast majority of cases, although at times to a limited extent. A similar situation 
is observed for the multilingual function, which we have included among the essential features because of the relevance 
that multilingualism and linguistic diversity have recently acquired in the field of DH (Budin, 2015)17. 

The most evident shortcomings are found between VRE and crowdsourcing platforms, with the exception of Pybossa, 
and can be explained by the fact that they are solutions for a more specific audience and with a narrower focus, which 
limit their functionality to those considered necessary in their field of application and do not foresee much extensibility.

There is clearly a tension in data modelling between standardization, compatibility, and interoperability, on the one 
hand, and personalization and peculiarities, on the other hand, with valid arguments in favor of both strategies (Gon-
zález-Pérez, 2018). A representation of these opposing trends is shown in the first two columns of Table 6, where some 
pattern can be identified. Drupal and BackdropCMS clearly favor customization over the support for metadata standards, 
while Omeka and Europeana-based applications do the opposite; a good balance of both features is offered by several 
solutions, with some of them adding interoperability with linked data (Davis; Heravi, 2021). 

Basic search is included in all platforms, and most of them provide also support for additional information retrieval 
functionalities, through the integration of an external specialized search engine. Apache Solr clearly stand out as the 
preferred solution, but alternatives are present. They all 
provide improved performance and good scalability for 
very large datasets. The lack of advanced search capabi-
lities in the group of software devoted to crowdsourcing 
can be explained with the fact that, by design, they pre-
fer users to browse content following a preset workflow, 
instead of free searching, to optimize the performing of 
the assigned tasks.

Virtual Research Environments (VRE) are 
characterized by a high degree of custo-
mization in the design of the data mo-
del and in the definition of taxonomies, 
together with little to no possibility of 
adapting the functionalities
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The last set of features selected for comparison are not essential for the implementation of a WIS, but offer additional 
valuable options. SaaS is available, sometimes as the default choice, for all software devoted to crowdsourcing. That is 
understandable as they respond to specific workflows that can be centrally managed and deployed in several instances, 
which differ in content, but not in functionalities or data structure.

The availability of an official mobile app should not be underestimated, both to improve the browsing experience of 
large datasets on mobile devices (tablets in particular) and for projects involving data collection tasks requiring access 
to mobile hardware (camera, GPS, gyroscope, etc.). Very few platforms have one available, but most of the rest provides 
REST API, so custom mobile application can be relatively easily developed.

Official demos available online are not exactly a platform feature and are less relevant where good documentation or 
SaaS are available but can help evaluating software that is more complex to install.  Official support, with a combination 
of paid and free services, is basically available for all selected platforms.

At a comprehensive level, a distinction must be made between 1) agnostic platforms and 2) those developed for a spe-
cific domain. 

1) Clearly belong to the first group: MediaWiki, Drupal, Islandora, CollectiveAccess, AlchemyCMS, Zooniverse and Pybossa. 

2) Are designed, conversely, for a more specific area of application: BackdropCMS (small businesses and NGOs); WissKI, 
Nodegoat and ResearchSpace (research in DH); Mukurtu (indigenous communities’ CH); Omeka (digital collections); 
Arches (CH assets inventories); EnrichEuropeana and CrowdHeritage (transcription and tagging of collections indexed in 
Europeana).

Another variable that significantly affects the characteristics of some platforms versus others is the target audience. At 
least two trends can be identified. 

1) A first group of software (to which the following be-
long: CollectiveAccess, Omeka S and Arches) has been 
developed with institutional customers in mind, such as 
GLAM: they are oriented towards the creation of insti-
tutional repositories and advocates a clear preference 
towards data models based on standardized metadata, 
interoperability (linked data and APIs) and the adoption 
of common protocols. 

The recommendation on using existing 
packages rely on the preference in using 
common code to implement customized 
web information systems (WIS) instead 
of custom code for WIS that share com-
mon characteristics and functionalities

Table 6. Comparison of data modelling and information retrieval functionalities of the analyzed platforms

Software Customizable data 
model Metadata standards Linked data Basic search Advanced search

MediaWiki E E E X Elasticsearch

Drupal 7 X L X Solr

Drupal 8/9 X L X Solr

BackdropCMS X X

WissKI X X X X Solr

Mukurtu X X X X Solr

Omeka Classic L X X

Omeka S L X X X Solr

AlchemyCMS L X Ferret

Islandora X X X Solr Solr

Arches X X X X Elasticsearch

CollectiveAccess X X X X

ResearchSpace X X X X X

Nodegoat X X X X X

Zooniverse X

Pybossa L X

EnrichEuropeana X L X

CrowdHeritage X X X

Legend: E = extension; L = limited.
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2) A second group is suited more to develop 
web solutions for individual projects, with cus-
tom structure and functionalities. Some sof-
tware, such as WissKI, Islandora or Nodegoat, 
provide a hybrid approach, combining a good 
level of compatibility and interoperability with 
consolidated standards, such as Dublin Core or 
Cidoc-CRM, with the possibility to personalize 
the data model and develop custom ontologies 
on top of the common standards. Because of 
this increase in functionalities, the weight and 
complexity of the source code has also grown, 
as well as the number of external dependen-
cies, and the current scenario now offers few 
options that are easy to install and with basic 
requirements in terms of web hosting. Among 
them we can name: MediaWiki, Drupal 7, Bac-
kdropCMS, Omeka Classic and Mukurtu.

In general, all analyzed solutions are very ma-
ture, with relatively long development trajec-
tories (Tables 1-4). Only two, ResearchSpace 
and CrowdHeritage, are new applications that 
have appeared in the last five years, as Omeka 
S, BackdropCMS and EnrichEuropeana are evo-
lutions of pre-existing platforms. The level of 
adoption varies widely and is difficult to com-
pare, especially between agnostic and speciali-
zed applications. 

Finally, it is necessary to make a last distinction 
between initiatives that publish their code as 
open source to favor its distribution, down-
loading and reuse and those that use open 
source mainly to ensure the transparency of 
the initiative and the long-term stability of the code. In the first case, the installation process is usually relatively sim-
ple or very well documented and, if the application requires external dependencies, they are relatively common and 
widely used in web development environments. This group includes most of the solutions analyzed in this review, such 
as: MediaWiki, Drupal, BackdropCMS, WissKI, Mukurtu, Omeka, AlchemyCMS, Islandora, Arches, CollectiveAccess and 
ResearchSpace. The second group, instead, includes applications that are usually offered as SaaS and that provide active 
support to their user community (i.e., Zooniverse, EnrichEuropeana and CrowdHeritage) or to the development of the 
projects they host (i.e., Nodegoat and Pybossa).

5. Limitations
A review of this kind would be incomplete without a section dedicated to limitations that affect these types of softwa-
re packages, being the need of routine maintenance one of the most relevant. In fact, none of the software solutions 
analyzed here can be safely kept online without at least corrective and adaptive maintenance in place (Sommerville, 
2005), which involves both technical and human resources.

Software packages18, especially those accessible on the Web, are affected by the identification and disclosure of security 
flaws that can expose to large-scale automated attacks, which compromise even systems that are not direct targets of 
malicious code execution. Noteworthy, in this regard, are the cases known as Drupalgeddon 1 and 2, which respectively 
occurred in 2014 and in 201819. They exposed vulnerabilities that made possible the automatic hacking, in a few hours, 
of virtually every Drupal 7-based web-platform not updated to the latest version and the creation of backdoors that 
were not eliminated by the subsequent software update. The best protection against the public disclosure, and the 
subsequent possible malicious exploitation, of security flaws is the prompt installation of released security patches, in 
particular those relating to core components, which in turn may create compatibility problems with other components 
of the system, thus requiring active maintenance support. 

In addition to that, it should be considered that the Web is a technological space in continuous transformation, both ser-
ver-side and client-side. This continuous evolution causes, from time to time, incompatibilities of the systems developed 
with the underlying web technologies. A representative example of this has been the evolution of the PHP language, by 
far the most popular language on the Web20. The transition from version 5, supported until 2018, to version 7, released 

Table 7. Comparison of additional features of the analyzed platforms

Software SaaS Mobile 
app REST API Official 

demo

MediaWiki X

Drupal 7 E

Drupal 8/9 X

BackdropCMS E X

WissKI X

Mukurtu X X

Omeka Classic X X

Omeka S X X X

AlchemyCMS X X

Islandora X X

Arches X X

CollectiveAccess X X X

ResearchSpace L L*

Nodegoat X X X

Zooniverse X X X

Pybossa X X

EnrichEuropeana L** X L**

CrowdHeritage L** X L**

Legend: E = extension; L = limited.
* An official demo package is available, but it should be manually setup with 
docker-compose.
** Available as SaaS only for their respective sponsor projects; those instances 
can be also considered software demo.
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in 2015, brought significant improvements, but caused incompatibilities with existing applications that require a manual 
update of the source code. When choosing the most appropriate software solution to develop a WIS, it is essential to 
consider the presence of a large and active community of users and developers, as the existence of the former creates 
the necessary conditions for the latter to act in the resolution of the incompatibilities that arise.

Centralized academic infrastructures, backed by institutional investments, are as appropriate to provide these mainte-
nance services as they are scarce. Individual projects in particular, often promoted by a scholar to tackle a specific re-
search topic, inevitably reach in the long run a point of completion, while it makes sense to keep the valuable resources 
produced available online. It is out of the scope of this paper to review the long-term solutions available, such as the 
conversion from dynamic platforms to static websites21 or the use of flat–file CMS22, but digital humanist promoting the 
development of WIS should be aware of these issues from the very beginning and design a plan on time.

6. Conclusions
After reviewing the characteristics of the selected applications, we can conclude that all the software solutions analyzed 
have their advantages and disadvantages, so it is necessary to get an updated knowledge of the current situation, to help 
choosing the most appropriate option to meet the requirements identified in each case. There are solutions that, due to 
their multifaceted characteristics, can cover a wider spectrum of needs and allow the deployment of WIS that can ena-
ble new research processes, not foreseen at the design stage (for example, in terms of sources rescue and verification, 
corpus enrichment, collaborative mapping, etc.).

As it stands today, Drupal, either on its own or through a bundled software package (e.g., WissKI, Mukurtu or Islandora), 
occupies a very specific niche and still represents one of the best options available for the application domains covered 
in this paper. Its degree of flexibility in terms of data model and incorporation of advanced functionalities through mo-
dules makes it comparable to fully customized solutions, but at the same time it provides a user-friendly frontend and 
is backed by a very large community of developers and users. It is suitable both to manage structured research datasets 
and to create large repositories of digital objects, in particular with user-provided content in collaborative environments. 
In the latest versions (since 8.5) it has also improved the management of multimedia content, traditionally weak. WissKI 
in particular, thanks to its semantic backend and its long development trajectory (2012-2021), is a very valid option for 
DH projects of a large scale. For smaller projects with reduced or no maintenance budget, the BackdropCMS alternative 
is very convenient and only remains the question about its long-term sustainability, considering the relatively low adop-
tion rate to date.

Outside the Drupal galaxy, the most interesting products in the DH context are three. 

-	 Omeka, which maintains in both versions a preferential approach towards the creation of digital collections with stan-
dard metadata. 

-	 Pybossa, for Citizen Science projects that foresee the involvement of society through the assignment of pre-configured 
tasks. 

-	 Nodegoat, for the broad spectrum of pre-configured functionalities ranging from custom data modeling to online 
publishing, linked data support, spatio-temporal visualization, and network analysis. This application belongs to a 
relatively new category of software solutions oriented towards the generation, integration, dissemination, and con-
servation of scientific knowledge in a collaborative environment (Blake et al., 2010), which are the VRE. They are 
characterized by a high degree of customization in the design of the data model and in the definition of vocabularies/
taxonomies, together with little to no possibility of adapting the functionalities (e.g., workflow, search options, views, 
maps, etc.). In fact, the latter are considered to be more generalizable and applicable tout court to different disciplines 
and research domains. An interesting prospect, particularly for larger projects, would result from the combined use 
of certified data repositories and VRE: the former being the place for long-term storage and exchange of versioned 
datasets and the latter the ecosystem for dynamic processing and collaborative metadata enrichment.

For a more institutional audience, we cannot avoid highlighting the Arches platform, which has also recently expanded 
its scope beyond CH management. It features a dedicated mobile application for field work, very robust geo-referencing 
and mapping functionalities, access permissions granular control, a comprehensive and flexible workflow management 
and maintains a well-defined development roadmap for the coming years23.

An additional conclusion we can draw from this analysis is that the range of available solutions is sufficiently wide and 
mature to prefer, in general, their use versus the option of programming the WIS from scratch, combining a database ma-
nagement system (DBMS) with custom backend and frontend (i.e., the LAMP24 model). On the one hand, this approach 
allows the highest degree of customization and provides a higher level of security against external attacks, which repre-
sent, as seen above, an important factor to take in consi-
deration using pre-built packages. On the other hand, it 
requires more specialized skills for the implementation 
of the system, which results in a higher cost, in particu-
lar for the initial development, but also for the adaptive 
maintenance in the medium to long term. In addition to 

The range of available solutions is suffi-
ciently wide and mature to prefer, in ge-
neral, their use versus the option of pro-
gramming the web information systems 
(WIS) from scratch
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that, it exposes to a higher risk against the so-called bus factor, since the complete customization of a system entails a 
higher degree of dependence on the initial developer(s), conditioning the possibility of transferring the maintenance of 
the system to other people. Other additional costs derive from the need to produce and maintain documentation on the 
generated code and to provide in-house updates to ensure compatibility among core, external libraries, and server-side 
technologies, which inevitably will be updated over time. The principle behind our recommendation on using existing 
solutions rely on the preference in using common code to implement customized WIS instead of custom code for WIS 
that share, in many cases, common characteristics and functionalities.

7. Notes
1. This criterion led us to exclude, for example, the Archaeological Recording Kit (ARK): an open-source software package 
for data management in Archaeology. It is the underlying technology used in the Fasti Online platform:
http://www.fastionline.org

an online database of archaeological excavations, surveys and archaeological conservation projects. Despite this, its 
latest stable version (v.1.1): 
https://sourceforge.net/projects/arkdb/files

has been released in 2014 and is not compatible with recommended PHP versions. Version 2.0 has been under develo-
pment for some time, but its repository has remained unchanged for the last four years: 
https://github.com/lparchaeology/ark2

2. Several individual sources have been consulted to identify projects and initiatives that employ the selected software 
to build WISs and digital repositories. Examples of large thematic collections available online can be accessed at: 
https://www.semantic-MediaWiki.org/wiki/Projects_in_eHumanities_running_Semantic_MediaWiki
https://digibug.ugr.es/handle/10481/55656
https://doi.org/10.5281/zenodo.3893546
https://cohistoria.es/proyectos
https://red.knowmetrics.org/en/artifacts-2
https://rrchnm.org/what-we-do

3. SaaS is the acronym for Software as a Service.

4. Open-Source CMS market share: 
https://www.opensourcecms.com/cms-market-share

5. Version 7 incorporates in core the Content Creation Kit (CCK) module, for the creation of customized data models; 
version 8 incorporates the Views module, for the assisted configuration of SQL queries.

6. There are currently 47,211 modules available, about half of which are in active maintenance and are compatible with 
versions higher than 7. 
https://www.drupal.org/project/project_module

7. For example, modules such as: Features, Feeds, Teichi, Date YMD - Pre Epoch, Partial Date Values (Partial Date for 
Drupal 7), Autocomplete Deluxe, Views data export, etc.

8. In particular, the adoption of the Symfony framework, the PHP Composer package management system and the ob-
ject-oriented rather than the procedural programming language.

9. Version 7 is still used by 64% of all websites developed in Drupal, while version 8, after six years, has reached only 
29% of the total 
https://w3techs.com/technologies/details/cm-drupal

10. BackdropCMS has a usage statistic of 1,706 websites:
https://backdropcms.org/project/usage/backdrop

11. Currently 533: 
https://backdropcms.org/modules

although more than 70 popular modules have been incorporated into the core:
https://backdropcms.org/upgrade-from-drupal/features-added-core

and almost all of the 100 most used Drupal modules have already been migrated:
https://backdropcms.org/upgrade-from-drupal/top-100-drupal-7-modules

12. There are currently 1380 official distributions 
https://www.drupal.org/project/project_distribution

13. https://us12.campaign-archive.com/?u=0b0b343dc81346ec97cfc51d9&id=acbdafa77c

14. Examples of usage in DH comes, for example, from Linguistics (Cimiano et al., 2020).

http://www.fastionline.org
https://sourceforge.net/projects/arkdb/files
https://github.com/lparchaeology/ark2
https://www.semantic-MediaWiki.org/wiki/Projects_in_eHumanities_running_Semantic_MediaWiki
https://digibug.ugr.es/handle/10481/55656
https://doi.org/10.5281/zenodo.3893546
https://cohistoria.es/proyectos
https://red.knowmetrics.org/en/artifacts-2
https://rrchnm.org/what-we-do
https://www.opensourcecms.com/cms-market-share
https://www.drupal.org/project/project_module
https://w3techs.com/technologies/details/cm-drupal
https://backdropcms.org/project/usage/backdrop
https://backdropcms.org/modules
https://backdropcms.org/upgrade-from-drupal/features-added-core
https://backdropcms.org/upgrade-from-drupal/top-100-drupal-7-modules
https://www.drupal.org/project/project_distribution
https://us12.campaign-archive.com/?u=0b0b343dc81346ec97cfc51d9&id=acbdafa77c
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15. The Solr indexing and search engine 
https://lucene.apache.org/solr

although presented as a core component by the project itself, is still an optional module.

16. Documented use cases include mapping heritage at risk, monitoring the effects of sea level rise on coastal assets, ar-
chaeological research, management and publication of information about the provenance of art objects, etc. A selection 
of projects implementing Arches can be consulted at 
https://www.archesproject.org/implementations-of-arches

17. https://nodegoat.net/usecases

18. https://multilingualdh.org/en 

19. Custom solutions, programmed from scratch, are less subject, although not exempt, from the negative effects of the 
public disclosure of security flaws.

20. More information in this regard can be found on:
https://www.drupal.org/forum/newsletters/security-advisories-for-drupal-core/2014-10-15/sa-core-2014-005-drupal-core-sql

and

https://www.drupal.org/sa-core-2018-002

21. According to W3Techs data, PHP is used by 77.8% of all websites with a known server-side programming language: 
https://w3techs.com/technologies/details/pl-php

22. For example, using Jekyll, a static website generator, in combination with Wax or CollectionBuilder.

23. Flat-file CMS, such as Grav, are platforms that requires no database and are based on text files.

24. https://www.archesproject.org/roadmap 

25. LAMP (Linux, Apache, MySQL/MariaDB, PHP/Perl/Python) is an acronym used to define a software bundle widely 
used for web applications. Each letter stands for one of its four open-source components: Linux for the operating system; 
Apache HTTP Server; MySQL for the relational database management system; PHP (or Perl or Python) for the program-
ming language.
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