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Abstract Digital humanities initiatives play an important
role in making cultural heritage collections accessible to the
global community of researchers and general public for the
first time. Further work is needed to provide useful and usable
tools to support users in working with those digital contents in
virtual environments. The CULTURA project has developed
a corpus agnostic research environment integrating innova-
tive services that guide, assist and empower a broad spectrum
of users in their interaction with cultural artefacts. This arti-
cle presents (1) the CULTURA system and services and the
two collections that have been used for testing and deploy-
ing the digital humanities research environment, and (2) an
evaluation methodology and formative evaluation study with
apprentice researchers. An evaluation model was developed
which has served as a common ground for systematic evalua-
tions of the CULTURA environment with user communities
around the two test bed collections. The evaluation method
has proven to be suitable for accommodating different evalu-
ation strategies and allows meaningful consolidation of eval-
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uation results. The evaluation outcomes indicate a positive
perception of CULTURA. A range of useful suggestions for
future improvement has been collected and fed back into the
development of the next release of the research environment.

Keywords Virtual research environment · Digital
humanities · Cultural heritage · Evaluation

1 Introduction

The interdisciplinary field of digital humanities is concerned
with the intersection of computer science, knowledge man-
agement and a wide range of humanities disciplines.

Recent large-scale digitisation initiatives have made many
important cultural heritage collections available online. This
makes them accessible to the global research community and
the interested public for the first time. In many cases, how-
ever, the full value of these heritage treasures is not being
realised. Digital collections often lack features for deeper
quantitative and qualitative analysis, and even very useful
functions, such as the ability to annotate or bookmark con-
tent, are often not supported. After digitisation, these col-
lections are typically monolithic, difficult to navigate, and
can contain text which is of variable quality in terms of lan-
guage, spelling, punctuation and consistency of terminology.
Although there are digital content, tools, and services avail-
able, they are not necessarily useful or usable. This highlights
the importance of continuous engagement and evaluation
with users in order to ensure that design and development
of digital humanities technologies correspond to the expec-
tations and needs of their target audience, and to stimulate the
use of these instruments. As stated in [1], “until analytical
tools and services are more sophisticated, robust, transpar-
ent, and easy to use for the motivated humanities researcher,
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it will be difficult to attract a broad base of interest….” As a
result, digital collections often fail to attract and sustain broad
user engagement, leading to limited communities of interest.
Thus, important challenges still remain in the presentation
of new digital humanities artefacts to the end user. Move-
ment beyond self-contained, independent projects is needed,
in order to create projects and flexible infrastructures usable
for different collections.

Simple “one size fits all” web access is, in many cases,
not appropriate in the digital humanities, due to the size and
complexity of the artefact collections. Furthermore, different
types of users have considerable differences in their knowl-
edge of the collections, requiring varying levels of support,
and every individual user has their own particular interests
and priorities. Personalised and adaptive systems are thus
important in helping users achieve optimum engagement
with these new digital humanities assets. Improved quality
of access to cultural collections, especially those collections
which are not exhibited physically, is a key objective of the
CULTURA project1 [2,3]. Moreover, CULTURA supports a
wide spectrum of users, ranging from members of the general
public with specific interests, to users who may have a deep
engagement with the cultural artefacts, such as professional
and trainee researchers. To this end, CULTURA is deliver-
ing a corpus agnostic environment with a suite of services to
provide the necessary support and features required for such
a diverse range of users.

The CULTURA system has been tested and deployed
with two contrasting digital humanities collections involv-
ing, respectively, textual material and images. This paper
covers two main topics. (1) After providing an overview
of existing virtual research environments (Sect. 2) the first
integrated version of the CULTURA environment and the
two test bed collections used are presented (Sect. 3). (2)
Work done on evaluating the CULTURA environment is out-
lined, describing an evaluation model that has been developed
based on related state of the art (Sect. 4) and how it has been
applied in formative evaluation for user trials with appren-
tice researchers in the context of the two digital collections
(Sect. 5). The evaluation outcomes are discussed in Sect. 6
and implications for further development of the CULTURA
environment are drawn, also in terms of conclusions related
to the applied evaluation method itself. Finally, overall con-
clusions and a panorama of future research are given (Sect. 7).

2 Virtual research environments

The tools and techniques of digital humanities allow mas-
sive cultural collections to be digitised, indexed, searched
and combined with other digital libraries. Examples are the

1 http://www.cultura-strep.eu/outcomes#2

creation of digital archives of the transcribed 1641 Deposi-
tions testimony documents [4,5] and, respectively, of illu-
minated manuscripts with botanical illustrations included in
the IPSA collection [6], as presented in more detail in Sect. 3
below. Large-scale programmes, such as Europeana2, offer
linked repositories that can facilitate search and discovery.
The repositories tend to offer metadata about the artefacts,
rather than a digitised artefact itself. This limits the form of
research possible.

Recently, increasing effort has been made not only to make
digital contents available, but also to create virtual research
environments (VREs) that provide interpretative frameworks
for making sense of cultural artefacts [7]. Such VREs sup-
port conceptualising, visualising and analysing information,
as well as collaboratively working on it. They usually do
not consist of one monolithic technology, but cover a col-
lection of tools assembled in one place to assist research
tasks and processes. Examples are Aus-e-Lit, a portal for
the study of Australian literature [8], or the TextGrid envi-
ronment for supporting researchers in the arts and humani-
ties [9]. These environments incorporate tools for text search
and analysis, archiving and reuse, collaboration and annota-
tion. Commonly, they are developed for a particular digital
collection and address a specific target audience, like profes-
sional researchers, research projects or institutions, or teach-
ing communities. A major deficiency of most VREs is that
they are designed with a ‘one-size-fits-all’ approach, thus
making it difficult for users of varying experience levels to
effectively make use of the content contained within.

In the field of historical, textual resources, most research
environments are bespoke, designed to handle one particular
type of text. This tends to limit the potential for reusing or
repurposing tools. One notable exception to this is the Old
Bailey Online3 project. This important project makes avail-
able full transcriptions of the proceedings of the Old Bailey—
London’s main criminal court—from the period 1674–1913.
This is a remarkably rich historical resource, and the project
has ensured that this richness of content can be exploited
by scholars, by designing an application programming inter-
face (API) which allows the transcriptions to be interrogated
in a rich variety of ways. This API has already been used,
as part of the ‘Data Mining with Criminal Intent’ project4

(a collaboration between the Universities of Sheffield and
Hertfordshire, George Mason University, the University of
Western Ontario, and the University of Alberta), to provide
an integrated version of the Voyant suite of corpus analytic
tools5, and the Zotero bibliography management system6.

2 http://www.europeana.eu/.
3 http://www.oldbaileyonline.org/.
4 http://criminalintent.org/.
5 http://voyant-tools.org/.
6 https://www.zotero.org/.
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This approach makes it possible to use a sophisticated and
extensible range of tools on the material, and might be said
to be the reverse of that adopted by CULTURA—it begins
with the material, and adapts ‘off-the-shelf’ tools to fit. By
contrast, the emphasis in CULTURA was the design of tools
that could be generalised to a wide range of content types.
In addition, the focus of the tools implemented so far by the
Old Bailey Online project is primarily linguistic analysis.
The corpus would clearly benefit from the sort of network
analysis implemented by CULTURA, but at present this is
not offered.

Network visualisation is a feature that is offered by the
Electronic Enlightenment7. This resource gathers together
almost 64,000 documents related to the Enlightenment. It is
described as ‘not simply an “electronic bookshelf” of isolated
texts but a network of interconnected documents, allowing
you to see the complex web of personal relationships in the
early modern period and the making of the modern world.’ It
accomplishes this by allowing the user to look at either works
or writers, and explore not just individual items, but the links
behind them. This provides a very useful way of interacting
with this material, but it is very much textually based, as
compared with the visualisations provided by CULTURA. In
addition, the project is based on large volumes of manually
generated metadata, while CULTURA is able to enhance and
enrich existing metadata.

In the History of Art field, Artstor8 is a very well-known
research environment, used both by professional researchers
and students. The Artstor Digital Library is a nonprofit
resource that provides over 1.6 million digital images in the
arts, architecture, humanities and sciences. In Artstor users
can search content by keywords or advanced search terms,
view images and image data, zoom the images and create
shared image folders, but arguably Artstor’s most outstand-
ing value is the breadth of its collection. Nevertheless, Artstor
lacks those tools that make CULTURA so innovative, par-
ticularly the visualisation tool and the annotation tool (see
Sect. 3) that allow a deeper engagement of the user with the
collection. In fact, the visualisation tool helps users to quickly
retrieve all the elements related to the images they are study-
ing, while the annotation tool allows users to keep track of
their research process, or simply to register their thoughts
and impressions on a particular image.

CULTURA aims at building a novel type of VRE incor-
porating innovative information retrieval technologies and
multidimensional adaptivity. The CULTURA system inte-
grates a suite of intelligent services for guiding, assisting
and empowering each individual user in their interactions
with cultural artefacts. Thereby flexibility in terms of usage
by a wide spectrum of users groups with their specific needs

7 http://www.e-enlightenment.com/.
8 http://www.artstor.org/index.shtml.

and in terms of reusability with different digital collections
is provided, which characterises the innovative character of
this research environment.

Because of its flexible approach to different types of cor-
pora, and its ability to work with and enhance metadata
of widely variable quality, CULTURA offers an interesting
comparison with Europeana. Europeana contains a vast vol-
ume of material in a wide variety of formats. This material
has been gathered from a range of sources, and has metadata
of varying quality. At present, this complex range of mate-
rial is exposed through a faceted search, which limits the
scope for exploration and discovery within the collection. At
present, the Europeana Cloud project9 is seeking, amongst
other things, to provide new tools, and to open up data to new
types of tools. The CULTURA approach offers one example
of how a collection like Europeana could be enriched for its
users.

3 The CULTURA system

The CULTURA system consists of multiple distinct services
all accessed via the CULTURA portal.10 The services avail-
able are shown in Fig. 1 and include personalised search tools,
faceted search tools, annotators, social network visualisation
tools and recommenders. CULTURA seeks to offer a bal-
ance of personalisation and exploration tailored to each user’s
interests and experience. A specific service is triggered by a
user’s interaction with the CULTURA portal, with requests
sent from the presentation layer to the service via its API.
For example, when a person using the system is looking at
one of the 1641 Depositions (see Sect. 3.1), entities from that
document (people, places, etc.) are extracted from the data
layer, and recommended Depositions based on these enti-
ties are calculated in the control layer by the recommender
widgets. These recommendations are then rendered in the
presentation layer for the user to view (see Fig. 2).

One of the key principles in the design of CULTURA
is to ensure that users are in control of their experience.
Users may interact with a user model tag cloud enabling
them to scrutinise and adjust their user model. It is this
model that underpins the personalisation offered by the rec-
ommenders, search and narratives. A user’s individual model
is constructed based on the interactions with the system. For
example, if the user annotates an artefact using the annotation
tool (FAST/CAT) [10], this indicates an interest in the entities
contained within the specific parts of the artefact annotated.

CULTURA utilises Drupal11 as the basis of its person-
alised portal, as Drupal provides numerous services that,

9 http://pro.europeana.eu/web/europeana-cloud.
10 http://cultura-project.eu/.
11 http://www.drupal.org/.
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Fig. 1 The CULTURA architecture

while important to CULTURA, are not core research ele-
ments, such as user authentication and system-wide logging.
Drupal also has an extensible architecture that allows new
modules to be developed in order to extend or replace sys-
tem functions. Hence, all services developed by CULTURA
are implemented as Drupal modules, and when accessed by
users, the responses from these services are displayed in an
appropriate form, e.g. recommendations for related content
as seen in Fig. 2.

The service-oriented architecture approach adopted by the
CULTURA environment simplifies the integration process.
The individual services offer powerful and novel functions

Fig. 2 An example of the recommended content displayed to users
within the CULTURA portal

in the areas of normalisation [11] and entity extraction [3].
These derived models of the content allow rich personalisa-
tion, via the recommenders and narratives to be supported.

Figure 1 highlights the various services that have been
integrated in the control layer of the architecture. All that
is required for each of these services is a well-defined API.
In terms of the presentation layer, a user interacting with the
entity-oriented search will be communicating with the entity-
oriented search module in Drupal, which in turn accesses
its bespoke API. Furthermore, because these tools support a
parameterised launch, it also greatly simplifies the integration
process. This is because all CULTURA services (visualisa-
tions, searches, etc.) can be rendered to users with the appro-
priate information, purely by passing the relevant identifiers
to the service in the form of URL parameters. In this way,
CULTURA can personalise both the selection and delivery of
services to meet users’ needs. Sections 3.1 and 3.2 describe
the two cultural collections integrated into CULTURA, as
well as the various services that the archives can access.

3.1 CULTURA and the 1641 Depositions collection

The 1641 Depositions collection is held in the Library of
Trinity College Dublin. It comprises more than 8,000 state-
ments from witnesses and victims of the violence and atrocity
that took place in the aftermath of the outbreak of the 1641
Rebellion in Ireland. The Depositions were recorded by gov-
ernment appointed commissions, and primarily record the
experience of Protestant English settlers, the events they saw,
or heard of, and the losses of property, possessions and money
that they sustained. The Depositions are unparalleled in early
modern Europe, and provide a unique window not only on
the appalling events of the Rebellion, but also on the every-
day and intimate lives of ordinary people and their efforts to
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make sense of the devastating disintegration of social order
and neighbourly relations.

As part of a 3-year project, which commenced in 2007 and
was funded by the Arts and Humanities Research Council
(UK), the Irish Research Council for the Humanities and
Social Sciences (Ireland), and the Library of Trinity College
Dublin, the Deposition volumes, which were in a parlous
condition, were conserved. High-quality digitisations of the
Depositions were produced, and a team of three researchers
transcribed the Depositions and captured extensive manually
generated metadata, describing the occupation and address
of the deponents, and the nature of the events recorded in
each Deposition.12

From a technological perspective, the Depositions repre-
sent a textually rich digital humanities collection, which is
characterised by noisy text, inconsistent sentence structure,
grammar and spelling. The English language manuscripts
contain rich metadata and descriptions of individuals, loca-
tions, events, social structures and contrasting/conflicting
narratives. The digitised text of the Depositions and its asso-
ciated metadata are stored in a MySQL13 database that is
accessed locally by the CULTURA Drupal environment.
Because of the noisy text that is associated with the 1641
Depositions, a text normalisation process took place a pri-
ori [11]. The output of the normalisation process was added
to the Depositions MySQL database and used to power nor-
malised search over the Depositions, and to improve the
entity relationship extraction performed using IBM’s Lan-
guageWare [12]. The process of entity relationship extraction
created a graph of people, places, dates and events relating to
the 1641 Depositions. Importantly, this entity graph was used
in a number of key CULTURA services including social net-
work analysis tools and visualisations, recommenders [13]
and entity-oriented search [14]. Other important CULTURA
services that operate over the 1641 Depositions include an
annotation tool [10] which enables individuals and groups to
create and share annotations.

3.2 CULTURA and the IPSA collection

The Imaginum Patavinae Scientiae Archivum (IPSA, Archive
of images to support the study of scientific research at Padua
University) collection is a digital archive of illuminated
medieval and Renaissance codices, dating from the eleventh
century. It contains astrological manuscripts and herbals with
Latin, Paduan, and Italian language commentaries. In par-
ticular, herbals are manuscripts, which contain hand-drawn
depictions of plants, such as trees, bushes or shrubs, and
their parts, such as flowers or leaves, with a focus on their
healing virtues. The IPSA collection contains mainly man-

12 http://1641.tcd.ie/.
13 http://www.mysql.com/.

uscripts written and illustrated by the Paduan School, and
successive manuscripts produced in Europe under its influ-
ence. The online archive was created specifically for profes-
sional researchers in History of Illumination to allow them to
compare illuminated images and to verify the development
of a new realistic way of painting closely associated with the
new scientific studies that were flourishing at the University
of Padua in the fourteenth century, particularly thanks to the
teaching of Pietro d’Abano [15].

Such manuscripts have the rare characteristic of contain-
ing high-quality and very realistic illustrations, because they
were drawn from live specimens. The study of these manu-
scripts produced a number of scientific results on their con-
tent, which have been included in the collection. Thus IPSA
is a combination of digitised images of the manuscripts and
related metadata descriptions.14

The user requirements analysis with domain experts for
the design and development of IPSA was conducted in 2002.
A first complete prototype was made available to researchers
in March 2003, a consolidated final version, revised using
user comments, was released in July 2003 [6]. With the
involvement in the CULTURA project, it was decided to
open the archive to other categories of users, such as non-
domain professional researchers, student communities and
the general public. This new task required the identification
of the needs, wishes and preferences of these new categories
of users in order to define the required changes and improve-
ments to IPSA.

Within CULTURA, IPSA metadata are shared in XML
format, while high-resolution images of the illustration are
loaded from an external server, due to copyright issues. The
collection can be browsed using a keyword search or via
a faceted browsing interface, both operating over the XML
metadata. In addition, both the annotation tool and the social
network visualisations (see Fig. 3) operate over the IPSA
collection in the context of the CULTURA system. Due to
the largely image-based character of IPSA, the normalisation
component of CULTURA is not used with this collection.

3.3 The two collections in CULTURA

The aim of the CULTURA project is to pioneer the devel-
opment of personalised information retrieval and presenta-
tion, contextual adaptivity and social analysis in a digital
humanities context. This is motivated by the desire to pro-
vide a fundamental change in the way digital cultural heritage
is experienced, analysed and contributed to by communi-
ties of interested individuals. These communities typically
comprise a diverse mixture of professional researchers,
apprentice researchers (e.g. students of history and art
history), informed users (e.g. users belonging to relevant

14 http://ipsa.dei.unipd.it/en_GB/home.
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Fig. 3 Example visualisation based on social network analysis within
the IPSA collection

societies, interest groups, or cultural authorities) and inter-
ested members of the general public.

From a technical perspective, IPSA and the 1641 Deposi-
tions represent two very different kinds of digital humanities
collections. While the 1641 Depositions are basically textual
documents, the IPSA collection is primarily image based,
with substantial metadata available, which is also histori-
cally valuable as it captures the scientific processes which
were prevalent during the creation of the original collection.

Notwithstanding these differences, CULTURA provides
improved access to and powerful tools for exploring and
researching both collections. The two collections share most
of the CULTURA services. For instance, the annotation tool,
which is used to annotate text within the 1641 Depositions, is
used to annotate images and parts of images within the IPSA
collection. These annotations can be used by an individual
or made public to a specific group who may be working on
the same topic. The social network analysis visualisations
(see Fig. 3) used with the 1641 Depositions collection in
CULTURA are also utilised with the IPSA collection, which
highlights the generic nature of these Drupal modules and the
effectiveness of a service-oriented architecture. Adaptation
in terms of content recommendations is currently available
only with the 1641 Depositions collection, but may easily be
integrated for the IPSA collection on the basis of the available
metadata.

The contrast in knowledge domain and structure of the
IPSA and 1641 content collections demonstrate the broad
applicability of the CULTURA methodology. Moreover, it
highlights how the techniques delivered in CULTURA are

not specific to an individual domain or collection, but can be
of benefit to a wide range of digital humanities collections.

4 The CULTURA evaluation model

Hand in hand with the development of capable electronic
information services and research environments for digital
humanities, there is a need for comprehensive and scientif-
ically sound evaluation of the quality of such information
systems, in order to ensure that user needs are met and to
inform further development. Current evaluation approaches
can be categorised into three main types highlighting the
targeted evaluation themes: user-oriented, system-oriented,
and systematic [16,17]. A user-oriented evaluation approach
pays attention to the user by examining users’ requirements,
behaviours and preferences, and their interaction, use and sat-
isfaction with the digital library system or VRE in question.
The main purposes of this type of evaluation are: verifying
the quality of a product, detecting problems and support-
ing decisions [18]. System-oriented evaluation approaches
focus on technological aspects and aim at investigating how
well-advanced technology can be used for digital infor-
mation representation and retrieval, measured for instance
in terms of precision, recall and search time. This type
of evaluation examines what happens in the informational
environment external to the individual, while user-oriented
evaluation examines the individuals’ psychological and cog-
nitive necessities and perceptions and how they affect infor-
mation search and use. Systematic approaches address vari-
ous levels or dimensions and thus may include user-oriented,
as well as system-oriented evaluation goals. Different eval-
uation schemes and frameworks have been proposed in
the literature, integrating a mix of dimensions and criteria
from different disciplines (e.g. digital libraries, information
retrieval, human-computer-interaction) and topics (e.g. con-
tent, engineering, user, environmental). Examples are the
models suggested by Saravecic [19], Kovács and Micsik [20]
or Zhang [21]. Fuhr et al. [22] established a framework
for evaluation that integrates three existing evaluation mod-
els [19,20,23] under the umbrella of four categories (con-
struct, context, criteria, and methodology) adapted from [19],
which served for structuring and describing the evaluation
process in a holistic manner.

One of these models is the so-called Interaction Triptych
model [23,24], which analysed and described the interac-
tion process with a digital library or research environment
as a basis for deriving requirements and parameters for eval-
uation. Three main components of interaction are identified
and captured by the model: the user, the content and the sys-
tem. The analysis of the relationships between these compo-
nents (i.e. user–system, user–content, and content–system),
results in the following three evaluation aspects: usability
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(efficiency and effectiveness of user interaction with the sys-
tem), usefulness (content usefulness and relevance to user
tasks and needs) and performance (precision, recall, response
time).

The novel technology of the CULTURA environment and
the openness to a wide variety of content and users makes
evaluation in CULTURA a challenging and multi-faceted
task. On the one hand, CULTURA incorporates a range of
different services, which required specific consideration in
evaluation to get comprehensive outcomes on the quality of
the system, and to identify aspects for further refinement of
its individual components. On the other hand, the reusabil-
ity of the methods and technology with different collections
and the diversity of users taken into account necessitated an
evaluation approach allowing researchers to select suitable
methods for a specific evaluation task, while maintaining an
appropriate level of comparability and generalisability of the
evaluation results. This required a systematic approach of
defining an evaluation methodology, which aimed not only
at responding to the challenges in evaluating CULTURA,
but also at offering potential for wider reuse in the evalua-
tion of digital humanities research environments in general.
An evaluation model was defined based on the existing state
of the art and which could accommodate the service-oriented
architecture and openness (to collections and to users) pro-
vided by a research environment like CULTURA [25]. The
interactions in this kind of environment were analysed taking
the Interaction Triptych model [23,24] as a starting point; i.e.
the triple system, content and user have been conceptually
identified as the basic components of the interaction process.
The ‘system’ consists of the intelligent services as individual
components, and of the system as a whole. The ‘content’ is
given by the cultural heritage collections provided via the
research environment—in our case the test bed collections
1641 Depositions and IPSA. With respect to ‘users’, four dif-
ferent user groups along the dimension of expertise are distin-
guished and addressed: professional researchers, apprentice
researchers, informed users and members of the general pub-
lic [26]. The evaluation aspects of the Triptych model were
extended to address the quality axes specific to the research
environment and its services, and to form a common ground
for evaluation studies (see Fig. 4).

Usefulness of content refers, as in the original model, to
the interaction between content and user: is the content rel-
evant and suitable for the user? This relates to the question
whether the digital collection supports the user’s personal
information needs and/or the information needs of the user
group. A certain level of content usefulness is necessary for
a meaningful evaluation of the other qualities.

Usability (also part of the original model) refers to the
interaction axis between system and user: does the sys-
tem allow users to effectively, efficiently, and satisfacto-
rily accomplish their tasks? This relates to whether the

communication and interaction between user and system are
smooth and whether the system is easy to use and learn. It
also includes aspects of the learnability, navigation and com-
plexity of the system.

The system–user axis was complemented by user accep-
tance. Users may not necessarily have a positive attitude
towards the system, even if it is technologically sound. User
acceptance therefore addresses the specific question as to
whether users consider the research environment and its ser-
vices acceptable. Commonly, the following user acceptance
aspects are distinguished [27]: perceived ease of use (which
partly overlaps with usability aspects), perceived usefulness
(this refers to the usefulness of the system and is to be distin-
guished from usefulness of content) and behavioural inten-
tion to use.

While these two axes of the interaction triangle are related
to interaction evaluation, the aspect of performance (system–
content axis) is usually not directly visible to the users
and was not in the original scope of work on the Triptych
model [24]. Performance is usually difficult to evaluate via
user feedback and is commonly associated with informa-
tion retrieval measures (precision, recall, response time). In
CULTURA this evaluation axis was operationalised in terms
of normalisation quality (quality and accuracy of the entity
extraction and normalisation process) and network quality
(accuracy of the data visualisations and the occurrence of
probable inconsistencies between the entity data and the net-
work visualisation). These evaluation aspects are not in the
focus of the user-oriented evaluations presented in this paper.
Rather, these aspects were evaluated in detail in system-
oriented evaluations specifically addressing the related ser-
vices, and are reported elsewhere (e.g. [28]).

In addition to the consideration of pairwise relations
between the interaction components of the triptych, our eval-
uation model in particular also considers the ternary interrela-
tion between all three components. In substance, this relation
was addressed in terms of adaptation quality, visualisation
quality and collaboration support (see Fig. 4) in the forma-
tive evaluation studies presented herein.

Adaptation quality refers to the interaction between sys-
tem, content and user in terms of the system providing
adaptive content recommendations tailored to the individ-
ual user: Is the adaptation provided by the CULTURA sys-
tem appropriate and useful? This quality addresses users’
perceptions of the helpfulness and benefit of system adapta-
tion/recommendation received [29]. It can also be related to
layered evaluation of adaptation [30], examining (a) whether
user variables are correctly inferred and (b) whether adapta-
tion decisions are appropriately taken.

Visualisation quality also addresses the interaction bet-
ween all three model components: how do users feel about
the visualisations of collection contents provided by the sys-
tem? In the context of CULTURA this applies to the social
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network visualisations. Visualisation quality relates to user
perceptions about the benefit of the visualisations provided
and the user-friendliness of the visualisation tools.

Collaboration support is another quality at the centre of
the evaluation model, relating to the collaboration between
the users of a research environment and related to the content
provided. It refers to the extent/quality to which users feel
supported by the system to get in contact with each other and
to share information on the collection content.

The evaluation model provides a sound theoretical basis
for a systematic and comprehensive examination and vali-
dation of the novel functionalities integrated in CULTURA
(e.g. visualisations), in addition to traditional evaluation top-
ics on the overall system and of general interest (e.g. general
usability assessment). It is suitable for application in forma-
tive, as well as summative evaluation. The model forms the
mutual basis for setting up the design for all evaluation stud-
ies conducted in CULTURA over different collections and
user groups. Although applying slightly different evaluation
methods and strategies tailored to the user group, digital col-
lection, and user trial setting in each case, a general level
of comparability between evaluation outcomes over all user
trials can be maintained. The common underlying concep-
tualisation of evaluation aspects thus makes the comparison
and contrast of evaluation results from different user trials
meaningful, even if they are gathered with different collec-
tions or from different user groups. While studies applying
the same design and instruments offer the opportunity of
quantitative and statistical comparison, with different evalu-
ation designs investigating the same evaluation aspects nev-
ertheless a comparison on a nominal or qualitative level is
reasonable, in order to find out about aspects of the research
environment that are generally positively or critically per-
ceived and, respectively, to find out about specific issues that
particularly apply only to a certain type of user group or to a
certain digital collection.

Fig. 4 The CULTURA evaluation model

In the remainder of this paper, a formative evaluation of the
CULTURA system is outlined, which represents a concrete
application of the evaluation model with a selected user group
and for both test bed collections.

5 Evaluation of the CULTURA system

Since the CULTURA system is intended as a corpus agnostic
environment suitable for different types of users, its evalu-
ation needs to prove its benefits over different collections
and user groups. In the following, empirical evaluations con-
ducted on the two system entities are presented. CULTURA
is designed to address the needs of a spectrum of users,
ranging from the general public, who may be encountering
the collections for the first time, to professional researchers
who have worked extensively on the subject. Evaluation
of the successive versions of the CULTURA implementa-
tion for the two collections took place over the three years
of the project, and researchers worked closely with users
from across the user spectrum. While evaluations with all
user groups were conducted, here we present the evaluation
methodology used and results gained with apprentice inves-
tigators as a selected user group in the formative evaluation
phase. This group, together with professional researchers, is
able to give the most in-depth and comprehensive feedback
on the system with respect to the qualities of the evaluation
model. Detailed feedback is especially valuable at a forma-
tive evaluation stage, when aiming at gathering evidence on
the initial benefits and, even more important, information for
further development. In the user trials presented below for
both collections, the same general evaluation approach was
taken.

5.1 General evaluation approach

A multi-method approach defined in line with the evaluation
model was utilised with data collected from a variety of both
quantitative and qualitative data sources. Data collection was
carried out in three different ways: questionnaire, discussion
and interaction logs.

5.1.1 Questionnaire

The survey instrument was developed in line with the evalu-
ation model covering rating-scale items on all relevant eval-
uation qualities.

Usefulness of content was measured with two items on
the relevance of the digital collection for individual and user
group level.

For a general usability assessment, the System Usability
Scale (SUS) [31] covering 10 items was used.

With respect to user acceptance, a scale (10 items in total)
covering the main aspects of user acceptance according to the
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technology acceptance model [27] and already applied in the
context of user acceptance research on digital libraries [32]
was adopted.

The performance axis was not in the focus of this evalu-
ation. Nevertheless, to capture user-centred aspects of nor-
malisation quality in the context of the 1641 Depositions
collection, two items asking for general level feedback on
normalised search and entity-oriented search were used. Net-
work quality was not explicitly addressed, since this aspect
had been evaluated separately in a service-specific evalua-
tion. Instead, user interaction with the provided visualisa-
tions (i.e. visualisation quality) was addressed in more detail
(see below).

Adaptation quality was assessed by eight items on usage,
usability aspects and perceived benefits of adaptive content
recommendations provided by the CULTURA environment
to users. While the usability assessment via SUS collected
an overall assessment of usability for the whole system,
the usability items in this subscale specifically addressed
the adaptive recommenders. This complementary and more
detailed consideration of usability-related aspects for the rec-
ommendation component was considered reasonable given
the novelty of this kind of functionality in a research envi-
ronment. Since recommenders were only available for the
1641 Depositions collection, the related questions were not
presented in the case of the IPSA evaluation.

Visualisation quality was captured by nine questions on
usage, aspects of the usability of the visualisation tools and
their perceived benefits for users. Similar to adaptation qual-
ity, the collection of a specific assessment on usability aspects
of the visualisations was included to ensure an in-depth con-
sideration of the quality and perception of this novel type of
exploration tool.

Collaboration support was measured with three items
investigating the perceived support of collaboration with
other users and the opinion about the annotation tool.

Five open questions were presented to collect qualitative
feedback on the perception of the CULTURA system and
features in a written form. The questionnaire was adminis-
tered in separate online surveys for 1641 Depositions and
IPSA. These surveys were made available to users through
a personalised link within the CULTURA environment, and
users completed them after they had spent time using the
environment and its features.

5.1.2 Discussion

The moderated discussion with participants was designed
in a semi-structured manner. Key questions in line with
evaluation qualities were defined in order to add to ques-
tionnaire data and to gather more detailed user feedback on
perceived benefits and potential issues for further improve-
ment. To ensure that individual feedback was not influenced

by the discussion, this discussion was done only after com-
pletion of the questionnaires.

5.1.3 Log data

User interactions with the CULTURA system were logged
and examined. In the case of the 1641 Depositions user trial
(which was carried out on a longer-term basis) for technical
reasons, only data from the last month were available for fur-
ther analysis. Log data analysis was done in accordance with
the CULTURA evaluation model and its underlying evalua-
tion qualities. This provided objective, quantitative data that
complemented participants’ self-reports, as available from
questionnaire and discussion.

The evaluation of the CULTURA system was carried out
in the context of university courses following a task-based
approach. In these user trials, students (as apprentice investi-
gators) were first introduced to the CULTURA environment
and its functions. Subsequently, they were assigned research
tasks and the CULTURA system was used to work on it. After
task completion, students filled in the online survey and took
part in the discussion.

This general evaluation approach was implemented in the
form of two different but complementary evaluation strate-
gies in the evaluation settings of the two collections.

5.2 Evaluation of 1641Depositions@CULTURA

5.2.1 Method

Participants The evaluation study in the context of the
1641 Depositions trial with Irish apprentice investigators
involved in total 14 students, with only 11 (4 male, 7 female)
of them completing the evaluation questionnaire. Participants
were undergraduate, as well as masters students of History,
Public History and Cultural Heritage, and Digital Humanities
and Culture. The average age (n = 11) was 33.90 years (SD
= 11.09), with individual ages ranging from 22 to 59 years.
Students had advanced knowledge and experience of com-
puters and computer applications in general.

Procedure Evaluation feedback was gathered from the
apprentice investigators, who had spent 12 weeks working
with the CULTURA system for the 1641 Depositions, and
who had utilised it in the preparation of a number of different
research exercises.

In using the 1641 Depositions collection, the following
features were available to the users: content recommenda-
tions, social network visualisations, keyword search, search
over normalised contents, faceted browsing interface, entity-
oriented search, and the annotation tool.
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Following the evaluation design described in Sect. 5.1, a
mix of different methods and approaches was used, involv-
ing the gathering of both quantitative and qualitative feed-
back from users in accordance with the evaluation model
and its evaluation qualities. Discussions for obtaining quali-
tative feedback were realised through a mix of focus groups,
debriefing sessions, and one-on-one interviews after survey
completion.

5.2.2 Results

Usefulness of content The usefulness of the 1641 Depo-
sition collection content was assessed as very high, with an
average score of M = 6.09 (SD = 0.58, Md = 6.0; see Fig. 5)
on a scale with a possible score range from 1 to 7 (Note: due
to the small sample size medians are reported in addition to
arithmetic means). Overall, this excellent result can be inter-
preted as a high interest of students in the contents provided
by the system. Users perceived the provided information as
useful and relevant for their further studies and research.

Considering the log data from the last month of the user
trial, participants visited on average 39 pages (SD = 45.51,
Md = 18.0), of which M = 26.42 (SD = 39.71, Md =
5.0) were content pages presenting Depositions texts. Some
students made quite extensive use of the system with more
than 100 page visits.

Usability General usability scored moderately high with
an average score of M = 56.59 (SD = 12.81, Md = 55.0)
on a scale ranging from 0 to 100 with higher values indi-
cating better results (see Fig. 5). Generally speaking, this
moderate score on usability indicates an appropriate overall
satisfaction in using the CULTURA system. Looking at indi-
vidual items, the obtained results indicate that the learnability
of the system is quite good, meaning that participants could
easily accomplish tasks when working the first time with
the CULTURA system. Most critically, the integration of the
functions and tools was perceived as not very well achieved

and not highly consistent. These results indicate that users
did not find it easy to predict how the individual functions
of the system work, which consequently leads to a slower
progress operation as each one of the functionalities has to
be learnt; this is a time- and attention-consuming process.
Open feedback was, in general, very positive and identified
issues concerned the technical implementation rather than
the conceptual underpinnings of the tools. Almost all partic-
ipants indicated that they would recommend CULTURA to
a friend, mentioning usability aspects and research facilita-
tions as the main reasons.

User acceptance User acceptance with its three main
aspects—perceived usefulness, perceived ease of use and
behavioural intention to use—was assessed quite positively
with scores ranging from 4.91 to 5.43 (on a 1–7 scale, in
each case). Results are depicted in Fig. 5. The best result was
obtained for perceived usefulness (M = 5.43, SD=1.24, Md
= 5.5) indicating that participants perceived the CULTURA
system as reasonably useful for supporting their research.
This is in line with qualitative feedback, where nearly all
students indicated seeing a potential benefit of using CUL-
TURA for their research. Ease of use scored somewhat lower
(M = 4.91, SD = 0.75, Md = 4.75), but still appropri-
ately good. Participants had no problems in using the sys-
tem and found it relatively easy to use. This user acceptance
aspect was positively correlated with the overall usability
score (r = 0.66, p < 0.05), as would be expected, since
the latter also includes the aspect of learnability. For behav-
ioural intention to use an average score of about 5 could also
be identified (M = 4.95, SD = 1.69, Md = 5.50), indicating
that participants envisage using the system in the future, if
appropriate. Qualitative feedback confirmed the results on
intention to use. Although some users stated that they were
unlikely to continue to work on the Depositions, they still
felt that the CULTURA approach has a high value and could
be usefully extended to other corpora.

Fig. 5 Overview of evaluation
results (mean scores and SD) on
1641Depsitions@CULTURA
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Adaptation quality For adaptation quality an overall score
was calculated; the item responses were also used to com-
pute subscores on the estimated usage of content recommen-
dations, their usability and their perceived benefit (possible
score range 1-7). An average overall adaptation quality of
M = 3.74 (SD = 0.82, Md = 3.71) was found, indicating a
moderate to low result (see Fig. 5). Usability of the recom-
menders was assessed with medium quality, with an average
score of M = 3.93 (SD = 0.89, Md = 4.0). The perceived
benefit of adaptive recommendations was medium to rather
low with M = 3.68 ( SD = 0.62, Md = 3.75). The extent of
their use was estimated by participants as medium to rather
low (M = 3.61, SD = 2.01, Md = 4.0). This is completely
in line with the log data. Examining these data, it became
obvious that the recommendations provided by the system
were rarely used by the students, with half of the partici-
pants having visited not one recommended Deposition and
a mean number of M = 2.14 ( SD = 5.52) content pages
visited via the system’s content recommendations. Overall,
this quantitative feedback shows that students’ experiences
and perceptions of the recommenders are not as good as they
might have been. Their rather low usage of the recommen-
dations indicates that users did not really see the benefit they
can receive from this tool. Nevertheless, qualitative feed-
back gathered in discussions confirmed the usefulness of
recommendations as part of the research process, especially
at the beginning when having low knowledge. This initial
phase of system usage unfortunately could not be captured in
terms of log data. However, users stressed the need for trans-
parency by making explicit what was being recommended
and why.

Visualisation quality. Similar to adaptation quality, for
visualisation quality subscores (with possible score range
1–7) on estimated usage, usability and perceived benefit of
the visualisation service were calculated from the question-
naire responses, and an overall score was derived. Overall
visualisation quality scored M = 4.38 (SD = 1.05, Md =
4.0), which indicates a moderately good quality (see Fig. 5).
The average estimated usage of the visualisation service was
rather low with M = 3.20 (SD = 1.99, Md = 2.5). This result
could also be confirmed by the log data showing that only 6
out of 14 students made use of the visualisations at all, most of
them only a few times. The result for usability is satisfactorily
good, with half of the participants scoring with 4.5 or higher
(i.e. Median) and on average with M = 4.58 (SD = 0.71).
The best result could be found for the perceived benefit with
a mean score of M = 5.38 (SD = 0.79, Md = 5.25). Sum-
marising, students generally agreed that visualisations pro-
vide relevant information, are moderately easy to use, and not
too complex. Additionally, they perceived the visualisations
provided by the system as being able to support them in better
understanding the resources provided by the collection. Dis-

cussions confirmed these results; users were on the one hand
intrigued by the visualisations and expressed a keen sense
of the potential usefulness. However, on the other hand, they
pointed to the need for more flexible visualisations in terms of
being able to move between several texts and visualisations
at the same time or of visualising more than one Deposition at
a time.

Collaboration support For collaboration support a
medium quality could be identified (M = 4.20, SD = 0.63,
Md = 4.0; see Fig. 5). This result indicates that participants
had some idea but were not totally convinced whether the
system can support users to communicate with each other
and collaborate on research tasks. The explicit assessment of
the annotation tool and its usefulness (as a tool and indicator
for collaboration) indicated a good quality with M = 5.20
(SD = 1.03, Md = 5.0). This means that students are aware
that the opportunity to create and share annotations is useful.
However, log data showed that there were only three persons
who had annotated content pages. Thereby, the number of
annotations taken by individual participants ranged from 1
to 6. Nevertheless, when explicitly asked to identify the sin-
gle most useful feature of the CULTURA environment in the
open feedback section of the questionnaire, students high-
lighted the annotation feature, as well as other features (like
the search over normalised contents, the faceted search, and
the visualisations).

Normalisation quality The ratings on normalised search
and entity-oriented search were positive, resulting in an aver-
age score of M = 5.4 ( SD = 1.17, Md = 5.5) for entity-
oriented search and M = 6.40 ( SD = 0.97, Md = 7.0) for
search over normalised contents. These quantitative results
indicate that users generally found both functionalities use-
ful for their research work. On average, students made about
10 text searches (M = 9.79, SD = 12.67), half of them
(M = 5.14, SD = 8.95) were carried out over normalised
contents. Open feedback from discussions showed that in
practice, users were very pleased with the ability to search
over normalised data. Concerning the entity-oriented search
interface, though users saw high potential and value in this
feature, they pointed to two problems: the accuracy of auto-
matically generated metadata and the rather confusing and
slow interface.

5.3 Evaluation of IPSA@CULTURA

5.3.1 Method

Participants In total 110 Italian apprentice investigators
took part in this study and completed the evaluation ques-
tionnaire. This sample included undergraduate, as well as
master students attending university courses of History and
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Preservation of Cultural Heritage and of Management of
Archival and Bibliographic Heritage. Gender distribution
was 81 (74 %) female and 29 (26 %) male students. The
average age of participants was 21.57 years (SD = 2.38)
with a range of 18–29 years. Students had average computer
literacy and experience.

Procedure Contrary to the evaluation of 1641Deposi-
tions@CULTURA, where the user trial not only involved a
small group of apprentice investigators but also consisted in a
longer period of contact and interaction with the CULTURA
system, the evaluation of IPSA@CULTURA was charac-
terised by a shorter-term interaction and engagement with
the system by a large sample of students. Since a large sam-
ple makes very intensive interaction and exchange with indi-
vidual participants difficult and also due to a limited number
of computer workstations available, the user trial was car-
ried out by dividing the students into smaller groups of about
20-30 students.

In using the IPSA collection, the system features included
social network visualisations, faceted browsing interface and
the annotation tool. Data collection followed the general
procedure described in Section 5.1 using a mixed-method
design including questionnaires, focus group discussion and
log data.

5.3.2 Results

Usefulness of content Content usefulness was assessed at
a medium level with M = 4.26 (SD = 1.46), as depicted in
Fig. 6. This is mostly due to the fact that the IPSA collec-
tion served rather as a showcase on preservation and archival
management of cultural heritage; the young researchers were
not specialised in the domain of the collection, but had a
more general focus on cultural heritage and digital humani-

ties. This is in line with results obtained from the discussions,
where students pointed to their limited knowledge of the col-
lection, but expressed their interest in the use of CULTURA
with other collections.

Users visited on average 20 pages (M = 20.44, SD =
12.41), of which 7 (M = 7.40, SD = 6.76) were content
pages presenting illuminations.

Usability From the responses collected in the evaluation
of IPSA@CULTURA a usability score of M = 65.39 (SD
= 14.17) was determined (see Fig. 6), indicating satisfacto-
rily good usability. Looking at individual items, participants
assessed the consistency of integrated functionalities within
the system as quite good. Furthermore, they found the learn-
ability of the system appropriate. A lower score was found
for the item on potential future use; it seems that students did
not consider using the system for their research or studies as
highly relevant (which may also be related to the results on
usefulness of content), or at least they are unable to recognise
the potential support of using the system. This is also reflected
in the qualitative feedback collected, where some students
pointed out that a tutorial or training material explaining
the most important CULTURA functions in more detail
would be useful to better understand the potential relevance
and usefulness of using the CULTURA system to support
their research.

User acceptance Ratings on perceived usefulness, per-
ceived ease of use, and behaviour intention to use had been
collected as aspects of user acceptance. An overview of the
mean scores for these subscales is given in Fig. 6. The best
result was obtained for ease of use with M = 4.95 (SD =
1.26), which is also closely linked with usability, resulting
in a positive correlation of r = 0.67(p < 0.01) between
the two scores. Students who judged usability as high also

Fig. 6 Overview of evaluation
results (mean scores and SD) for
IPSA@CULTURA
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assessed the ease of use in the user acceptance scale as being
high. This result confirms that students perceived the sys-
tem’s learnability as quite good. Perceived usefulness was
rated with an average score of M = 4.60 (SD = 1.13), thus
indicating a medium to good result. This is confirmed by
qualitative feedback, where students highlighted that CUL-
TURA is a useful tool for their research, especially with
regard to cultural heritage artefacts and their availability.
Regarding behaviour intention to use the system, a mean
score of M = 4.21 (SD = 1.41) was found, indicating that
students had only a moderately high intention of using the
system. This may be due to the fact that students, as expressed
in open comments, were not specialised and had limited
knowledge of the content and therefore did not see great
benefit in using the system with this specific collection in the
future.

Visualisation quality Overall visualisation quality scored
with a mean of M = 4.75 (SD = 0.80) indicating a medium
to good result (see Fig. 6). The extent of estimated usage of
the visualisations provided by the CULTURA environment
was modest with a mean score of M = 3.57 (SD = 1.33).
This corresponds to the log data from the user trial, which
shows that visualisations for illuminations were accessed
rather rarely, about 4 times on average (M = 4.07, SD =
3.53). With respect to usability of the visualisation tool, a
mean score of M = 5.05 (SD = 1.00) was identified, arguing
for satisfactorily good usability. The perceived benefit of the
visualisations was also quite good and reached a mean score
of M = 5.09 (SD = 1.02). Overall, participants acknowl-
edged the benefits the visualisations can bring, to gain new
insight on the digital contents, as well as their usability, while
their use of visualisations was rather low. Open responses on
the visualisations indicate that this feature was appreciated by
students and was perceived as useful. However, users wished
for a more detailed explanation in order to get a better under-
standing of the graphical illustration and how to interpret it.

Collaboration support The mean score for collaboration
support with M = 4.85 (SD = 1.01) was appropriately good
(see Fig. 6). Participants considered the CULTURA system
as capable of supporting collaboration among users to a sat-
isfactory extent. The annotation tool was assessed as being
of good quality with M = 5.16 (SD = 1.20). On average
students created more than 5 annotations (M = 5.30, SD =
2.55). In addition, more than one annotation was commonly
made within a single IPSA illumination. Open responses
on collaboration support and the annotation tool show that
these features were perceived very positively. However, fur-
ther refinements in terms of identifying authors and a rat-
ing system for annotations were suggested, which would
allow improvements to both the interpretation and validity
of annotations.

6 Discussion of evaluation outcomes

6.1 Implications for the CULTURA environment

The two user studies presented in this paper are characterised
by different evaluation settings and strategies addressing dif-
ferent subgroups of the user group of apprentice researchers
in the context of two contrasting digital collections. Nev-
ertheless, the evaluation model gave ground to a common
evaluation approach and established overall comparability
between the user trials. By consolidating the general results
of the two evaluations, aspects of the CULTURA system that
are generally positively perceived or looked at critically by
the involved user cohorts can be identified.

Content usefulness of the digital collection provided via
the CULTURA environment was perceived quite differently
in the two user trials: while apprentice investigators assessed
the 1641 Depositions collection contents as highly relevant
and interesting to them, students in the user trial on the IPSA
collection perceived the collection content only as moder-
ately relevant. Both cohorts acknowledged the potential reuse
of CULTURA with other corpora as highly beneficial.

For both cohorts overall usability of the CULTURA envi-
ronment turned out to be satisfactory, with students in the
IPSA trial assessing the system more positively. Consider-
ing the most critically assessed individual usability items,
a somewhat different picture emerged for the two studies:
In the IPSA trial users seemed to have particular difficulty
in considering a frequent future use of CULTURA, which
also mirrors the moderately perceived relevance of the col-
lection in this trial. In the 1641 Depositions trial, the inte-
gration and consistency of the system were especially high-
lighted as a critical issue needing further improvement. In
this regard, it has to be taken into account that the system
provided a broader range of different services for the 1641
Depositions collection than those available for the IPSA col-
lection. This is largely due to IPSA being an image collec-
tion rather than a textual collection like the 1641 Deposi-
tions.

A comparison of results for user acceptance aspects, which
in principle all scored moderate to good, confirms the pre-
vious outcomes: in the IPSA trial the system was evaluated
as easier to use, but behaviour intention to use the system
was rather low; in the 1641 Depositions trial, in contrast,
the perceived usefulness and behavioural intention to use
were slightly more pronounced. Additional explanation of
the CULTURA services in the system and demonstration
(through engagement with users) of how they can be used in
research and exploration is to be assumed to further improve
perceived usefulness, as well as usability.

With respect to the evaluation of the visualisation tools, a
moderate to good quality could be identified in both evalu-
ations. Interestingly, in both groups apprentice investigators
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did not extensively use the visualisations, but nevertheless
evaluated their usability and, especially, the potential bene-
fits users can derive from the visualisations as good. In the
context of the 1641 Depositions collection it became clear
that students would be interested in a further extension of
the visualisations in order to increase their added value for
gaining insight into the research process.

The annotation tool was assessed consistently positive.
Collaboration support was perceived as medium to good by
apprentice investigators with the IPSA collection, and there-
fore, as better than for the 1641 Deposition collection, which
had only a medium result. In total, these results indicate that
there is potential to further extend the system with additional
functionality supporting collaboration, e.g. with chat or dis-
cussion forum features.

The possibility of searching over normalised contents
of the 1641 Depositions collection was highly appreci-
ated, which underlines the importance of normalisation
and argues for normalisation quality from a user-centred
perspective.

Overall, qualitative feedback was quite positive and stu-
dents found the CULTURA environment interesting. In both
trials, students expressed their interest in having CULTURA
available for other types of collections. Suggestions for
additional features made by students in the IPSA context
included, among others, integration with social networks,
but also different language versions of the environment and
additional help/tutorials; students’ suggestions in the 1641
Depositions trial addressed mainly the possibility of organ-
ising and exporting their data, like bookmarks, annotations
and searches.

The recorded and analysed log data for both studies
reflects well the two different evaluation approaches taken in
the two trials. Although for 1641Depositions@CULTURA
log data were available only for a limited time span of the
overall duration of the user trial, the analysed data set clearly
shows that this user trial implemented a more intensive inter-
action with the system (in terms of page visits, content pages
accessed and searches conducted), with a smaller group of
users over a longer period of time. This was in contrast to a
shorter and less intensive interaction with a large number of
participants for IPSA@CULTURA. Despite this, individual
features like the visualisations or bookmarking were used
similarly scarcely in both trials. The annotation functional-
ity was used more intensely in the IPSA trial, which may be
explained by the fact that the tasks in this study explicitly
requested the creation of annotations. It needs to be taken
into account, though, that for the Depositions collection log
data only reflects an extract of the whole usage period; the
usage figures obtained thus need to be considered with cau-
tion, since some students might have concentrated their usage
predominantly within the first two months for which no inter-
action data were available.

Comparing the obtained and consolidated evaluation
results and implications with broader evaluation outcomes
from user trials with other user groups and even with
other digital collections, useful conclusions can be drawn
for informing further development. Concretely, the implica-
tions drawn from the user trials with apprentice researchers
have been checked against and compared with outcomes of
other evaluations conducted with professional researchers
(e.g. [25]), informed users and members of the general public
(e.g. [33]). Overall, in all formative user studies a generally
positive assessment of the CULTURA research environment
could be obtained indicating high user interest, satisfactory
usability and user acceptance and a positive perception of the
CULTURA services, with questionnaire scores and qualita-
tive feedback nevertheless indicating some room for further
improvements. Agreement on issues reported and improve-
ments suggested could be identified across user groups. For
example, users from all categories asked for an additional
explanation of the system features in the help section of the
environment. There was consensus among all user groups
about the usefulness of the annotation tool and the need to
further improve this functionality. With regard to the visuali-
sations, feedback from all studies confirms the innovative and
appealing character of this kind of service. User groups more
experienced in digital humanities consistently mentioned the
visualisation of several content items at a time as a desirable
feature. User groups with lower expertise with the digital col-
lection and VREs (i.e. informed users and members of the
general public) mentioned that it would be nice to have the
possibility to provide feedback on the system while using
it. In the context of the 1641 Depositions they furthermore
indicated that they would also like to access the normalised
text, since they had difficulties in understanding the original
Deposition texts.

The aggregation of the main results obtained from the
totality of formative evaluation studies informed further
development, thus closing the feedback loop from evalua-
tion back to implementation work. As a result, the subsequent
release of the CULTURA system and its components incor-
porates a whole range of improved or additional functionality
based on end user feedback: the visualisation of multiple arte-
facts, extended annotation functionality, the inclusion of live
text normalisation, the possibility to save searches, improved
help functionality, as well as the integration of a tool for pro-
viding on-line evaluation feedback.

6.2 Implications for the evaluation methodology

The evaluations in the context of the two collections were
based on the same common evaluation approach and model,
but were obviously quite different in nature. In the sequel, the
lessons learned from the evaluation strategies are discussed.
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In both cases, students as apprentice investigators were
involved in the evaluation studies, with the user trials being
integrated in the students’ curriculum. In the case of the 1641
Depositions collection, the user trial consisted of a longer
term involvement of a small group of users and intensive
engagement with the CULTURA system. In the context of
the IPSA collection, the user trial consisted of a shorter con-
tact with a large number of participants. In addition, users
differed in their age, with participants from the first being
considerably older than those from the second evaluation.
This difference was also reflected in user expectations on
using the digital collections and CULTURA in the future:
students in the first year of their studies, like in the IPSA
trial, commonly do not yet have a clear idea of the tools they
will need for their career.

Another important difference between the two samples
was that English was the participants’ native language only in
the evaluation of 1641Depositions@CULTURA, while par-
ticipants in the user trial on IPSA@CULTURA spoke Italian.
This might have had an influence on user interaction with and
assessment of the CULTURA environment, which was only
available in English.

An evaluation strategy as used with 1641 Depositions pro-
vides the advantage that users acquire sufficient knowledge
of the system and, after intensive interaction, are able to pro-
vide in-depth feedback on their perception of and experience
with the research environment. Such intensive engagement
with users is only possible with small numbers of users,
which in turn complicates valid quantitative data analysis.
This kind of approach involves a high level of workload
and time effort from evaluators and participants; therefore, it
sometimes might not be feasible to apply this kind of strat-
egy in evaluation practice. An evaluation strategy as used in
the context of the IPSA collection, in contrast, is easier to
organise and deploy. A more short-term interaction with the
system, though, might be considered more as a snapshot of
user experience and feedback and may lead to user assess-
ments being somewhat confounded with learnability, in the
case users have not had the chance to gather sufficient expe-
rience in handling the system. If an appropriate exposure to
the system is possible even in the context of a short-term user
trial, participants will be able to provide valuable feedback,
but probably not on the level of detail as in case of the first
evaluation strategy.

Overall, the differences in the evaluation strategies applied
make them complementary in terms of a comprehensive
and mixed-method evaluation of CULTURA in general. By
bringing together the outcomes from both studies and strate-
gies, more conclusive evidence could be drawn on the overall
quality of the system and services. In addition, aspects for
future improvement of the research environment could be
identified, with the potential of supporting users regardless
of the digital collection.

The evaluation methodology and model have proven
a suitable ground for establishing a common evaluation
approach for both user trials and the involved evaluation
strategies. It has to be noted that, in principle, different eval-
uation instruments are more or less suitable for specific eval-
uation settings. Interviews or focus groups, for example, are
feasible only with smaller samples due to the high work-
load involved, while surveys are especially suitable also for
larger sample sizes. From small samples, it is possible to
gather in-depth qualitative feedback, but quantitative analy-
sis of survey responses is somewhat problematic. With large
samples, the detail in feedback collected will necessarily be
somewhat shallower, but questionnaire scores obtained are
suitable for quantitative and statistical analysis. When trans-
lating the evaluation model into a concrete study design for
application in different user trials, a matching between data
collection method and evaluation setting, therefore, always
needs to be taken into account. Likewise, the extent and gran-
ularity level of feedback that different end user groups are
able to provide on a research environment and on specific
features also need to be accounted for when operationalis-
ing the evaluation model in terms of concrete assessment
instruments. The mix of methods applied in our case was
appropriate for data collection in both evaluation settings,
since it incorporated instruments accommodating the spe-
cific conditions given in both user trials and meaningfully
complementing each other.

The consideration of different evaluation aspects along the
axes of interaction components, as captured by the evaluation
model, resulted in a highly suitable approach for gathering
comprehensive and conclusive evidence on the quality of the
system, about specific benefits and, even more importantly,
about drawbacks to be fed back to development. The evalu-
ation model also provides the freedom to select and address
only the evaluation aspects that are of relevance given a cer-
tain evaluation setting (e.g. disregarding adaptation quality
for the IPSA collection), while nevertheless maintaining gen-
eral comparability between user trials with respect to quali-
ties addressed in those trials.

7 Conclusion and outlook to future research

This paper introduces the CULTURA research environment,
which provides innovative functions to support research and
exploration of digital heritage collections. Two evaluation
studies are presented that were conducted in the context of
the two test bed collections using the CULTURA system.
The evaluation approach taken accommodates the differ-
ent and complementary evaluation strategies applied, which
were aligned to a common underlying evaluation model, and
ensures a general comparability of results.

The user trials presented involved in total 121 appren-
tice investigators. Although this sample is not necessarily
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a definite and representative sample of the community of
humanities apprentice researchers, in general, it represents a
reasonably large set of opinions and assessments in the con-
text of the test bed collections. The user group of apprentice
investigators together with professional researchers is con-
sidered important target audiences, who are able to provide
evaluation feedback with a high level of detail. User-centred
evaluations involving the user groups actually addressed by a
research environment are key, because only those people who
are in a position to benefit directly from such a research envi-
ronment or information service are able to take this field of
research and development forward [1]. Since the CULTURA
system is not intended to be an environment for researchers
only, but targets the user spectrum along the whole dimension
of expertise, evaluation studies other than the two presented
in this paper also involved other user groups [26]. One study,
for example, addressed secondary school students as mem-
bers of the general public [33]. This is especially interesting,
since there is increasingly high potential seen in using VREs
in digital humanities as teaching instruments [6], which is
relevant not only for academic, but also for elementary and
high school education.

The evaluation outcomes on the different qualities of the
evaluation model provided targeted information on aspects
and potential for further refinement or extension of specific
features of the CULTURA environment. The results obtained
from all user studies on the same system release were con-
solidated to derive implications for further development. A
range of changes was implemented in a new system release
in the meantime. These were evaluated positively in more
recent user trials and were singled out as being especially
valuable in terms of building user comfort and confidence in
the CULTURA environment. The evaluation results of the
formative evaluation studies presented in this paper also pro-
vide benchmark data for comparison with summative evalu-
ation outcomes with the aim of demonstrating progress made
and the overall benefits and quality of CULTURA as a novel
research environment.

In summary, the CULTURA system includes a set of
components that provide powerful and innovative support-
ing tools for different user interactions with cultural heritage
contents. Its flexibility and reusability with diverse kinds of
digital collections make CULTURA a research environment
that has the potential of opening up and facilitating unified
access to a whole range of different cultural collections and
for the complete spectrum of end users. Meanwhile, a new
content collection comprising witness statements from the
1916 Rising15 has been incorporated in CULTURA. The
inclusion of this material demonstrates the generalisability
of the CULTURA environment, and its component tools, and

15 http://cultura-project.eu/1916/.

it is also an important element of the sustainability plan for
the environment.

The CULTURA system was designed from the outset to
meet the requirement of a corpus agnostic research environ-
ment, i.e. to be independent of any specific collection and
rather work alongside them. This means that, although CUL-
TURA was evaluated within the context of the two digital
collections, it is not designed specifically with either of these
in mind, but rather as a flexible and supporting framework
capable of integration with a wide range of digital collec-
tions. The environment, developed with a particular set of
services, may not have all those capabilities implemented
ideally or used at all within an application on a specific given
digital collection. This may be due to the nature and domain
of the digital collection, as well as to technical, pedagogical,
or pragmatic reasons. This has to be taken into account when
considering individual evaluation studies in a very concrete
application setting, given a certain collection managed by the
CULTURA system, and a selected user group.

CULTURA is intended as a corpus agnostic and user
group-independent research environment. Consolidating the
results over different evaluation studies allows researchers
to discover issues and implications that are of general inter-
est, as well as aspects regarding the overall quality of the
environment. Taken together, different evaluation studies on
CULTURA will prove its general usefulness and significance
for empowering and guiding users in their interaction with
digital humanities collections. The evaluation methodology
thereby constitutes a common reference point for specify-
ing the data collection instruments and for comparing and
generalising results. The evaluation model gives ground to a
comprehensive and in-depth gathering on the relevant evalu-
ation aspects of the system, and provides freedom in terms of
the concrete instantiation through an evaluation design and
the evaluation strategy applied, as well as in terms of select-
ing the qualities relevant for a certain evaluation setting. It
is even open for the inclusion of additional, complementary
evaluation qualities that may be associated with the inter-
action axes, as appropriate in light of future development of
CULTURA or, respectively, a different VRE. In fact, with the
maturation of the CULTURA technologies in the final devel-
opment phase, a further refinement of the evaluation model
for summative evaluation evolved in order to appropriately
capture and assess all the different functionalities of the sys-
tem and to enable systematic information gathering on their
quality and benefit for users. The evaluation qualities defined
in the CULTURA evaluation model were revisited in the light
of the latest technical developments, and the qualities were
refined or elaborated in more detail, where appropriate.

The evaluation model is considered to have high potential
for reuse in other research environments. Aside from aspects
of general usability, acceptance and usefulness of contents,
in particular tools for visualising the contents of a digital
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collection to support understanding and exploration are rel-
evant also with other systems. Besides, features enabling
a personalisation of user experiences to individual needs
and expertise and supporting collaboration and exchange
between groups of users are becoming increasingly impor-
tant in electronic information services for cultural heritage in
general. This makes the evaluation qualities specified in the
CULTURA evaluation model applicable on a more general
level. Naturally, different aspects will be focused on differ-
ent degrees and addressed by diverse technical approaches
in individual research environments. The evaluation model
provides a valuable starting point for identifying the axes and
topics that are of interest in a new evaluation project and for
defining the actual evaluation design and instruments to be
applied. A broader reuse of the evaluation model in digital
humanities would also facilitate comparison between evalu-
ation results across different research environments.

The evaluation model has also been used as a basis for
the development of an evaluation service [34], aimed at sup-
porting evaluators in planning, carrying out and analysing
evaluations. Through explicitly specifying the quality model
underlying an evaluation within the service, data collection
can be systematised, automated reports can be derived, and
data gathered via different collection modes can be triangu-
lated, with the evaluation model as a reference base.
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