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Abstract 
 

Digital data infrastructures for the arts and humanities are currently being developed within 
the framework of various projects in Germany and Europe. Among these projects, DARIAH 
(Digital Research Infrastructure for the Arts and Humanities) is one of the largest projects. 
And it is designed as a long-term project. DARIAH focuses primarily on philology and history. 
But the project is open to other disciplines. So DARIAH is also conceptualizing a data 
infrastructure for archeology. The cooperation with other infrastructure projects (such as 
IANUS at the German Archaeological Institute - DAI) is a key component in the architecture of 
the digital data infrastructure for archaeologists. Furthermore it should be taken into account 
the collaboration with the project CLARIN (Common Language Resources and Technology 
Infrastructure). This data infrastructure project is geared to linguistic needs. Within the 
network of the different data infrastructure projects, DARIAH could be aimed to harmonize the 
national activities on the EU level. International data networks of archeology are desirable in 
related regions such as the North and Baltic Sea coast to go beyond existing administrative 
boundaries of research. 
 
But what are the specific needs of archaeologists to a digital research data infrastructure? Is it 
even possible to implement a centralized research data infrastructure (that is accepted by the 
researchers) in the very heterogeneous landscape of archaeological sciences in Germany? 
Therefore, it seems very important right from the start of the project to involve as many 
partners as possible in the conception of the infrastructure. The structure of federal states in 
Germany did not enable the foundation of a national archaeological data service, such as in 
the Netherlands or the UK. The political conditions are contrary to centralized efforts. Thus, a 
decentralized architecture of the data infrastructure represents a solution to the existing 
problem. The cooperative project with equal partners should bring together both: the research 
at the universities as well as at the national archives of administration. It makes mutually 
accessible the respective databases for all partners. Forthermore the DARIAH service will 
provide a redundant long-term binary data storage with sovereign rights of data privacy and 
security requirements. 
 
 
 
State archaeology within the federal structure of Germany 
 
Preservation of archaeological monuments in the Federal Republic of Germany is subject to 
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the authority of individual states. As a result of the federated state structure there are 16 
largely independent state offices for the preservation of monuments or state offices for 
archaeology in Germany. This in turn results that archaeological research across the 
established administrative boundaries of the individual states has been and is undertaken 
only very rarely. For quantitative research approaches however this is very problematic 
because the spatial distribution of different finds and features is naturally not limited to this 
arbitrary administrative framework. In order to overcome these existing research boundaries, 
a new collaboration agreement must be negotiated every time between all relevant state 
archaeological authorities for each specific research project. As this is quite complex it is 
often inevitably abandoned and there arise again and again isolated surveys of limited 
significance. The problem is also beyond that of data reconciliation of the databases of the 
archaeological authorities: at present there exists no nationwide common standard for the 
definition and design of databases in Germany.  
 

The databases of individual states are heterogeneous both in format as well as design, so 
that interoperability is not possible.1 The Association of State Archaeologists of the Federal 
Republic of Germany (Verband der Landesarchäologen in der Bundesrepublik Deutschland) 
endeavored to remedy this several years ago which lead to the development of a common 
format, the ADeX Standard, for data exchange.2 These pioneering database standards could 
however only be applied very rarely as the archaeological authorities can only use funds for 
their respective administrative areas (and not inter-regionally), but there is an urgent need for 
the consistent application of the ADeX Standard for a data exchange across state borders. It 
is therefore very desirable to develop new perspectives which make archaeological data 
better accessible for research. Furthermore different coordinates systems are also used in 
each state which, even after the complex normalization of correlated databases from different 
states, do not enable a simple projection of site mapping as the coordinates must first be 
translated into an inter-regional, ideally international, coordinates system.3  
 
Therefore with the current state of affairs neither can the archaeological data of a specific 
area be queried across borders nor can these data be brought together from an inter-regional 
area of investigation for mapping in a geographic information system (GIS) without very 
elaborate preparation for normalization. Although there is a geo-service with respective geo-
browser available online for each state they are however not compatible with one another for 
inter-regional studies. In rare exceptions reference data can be implemented in an 
independent GIS by individual states if they are available online as a Web Map Service 
(WMS) of the archaeological authority and translated into an international coordinates 
system.4 Even this first step is unfortunately still the exception and not the rule.5  
 
Currently there exists in Germany only one online archaeological database for an 
administrative region. This is the finding-places and finds database of the Museum of 
Westlausitz in Kamenz in the eastern part of Saxony and which provides access to the 
archaeological information of this region.6 This online portal is however still more of an 
experimental nature as both the server speeds and database design and format are primarily 
oriented to the needs of the regional museum. Nevertheless this is a seminal development 
which not only allows a query of the archaeological data of the site but also reveals significant 
finds to the user through high-quality photographs and drawings. 
 
 



Decentralized data access in inter-regional research networks 
 
The aforementioned federal structure of the Federal Republic of Germany stands therefore 
basically in opposition to the initiation of a statewide or even national archaeological database 
as exists, for example, in the Netherlands or Denmark. The solution to the problem could 
therefore consist of the design and implementation of decentralized data access combined in 
a portal. The access to the individual archaeological authorities could thus take place via the 
research platform of a portal which occupies a mediary function between the interests of the 
authorities and those of research. In this way research questions on a specific region could be 
posed, and users registered by logging in. An administrative allocation of rights should allow 
for different forms of data usage. The individual queries should then be forwarded in the portal 
to the archaeological authority which would then subsequently enable a database query of 
their holdings. As the query for a research area is usually related to various administrative 
regions, parallel queries would have to be posed through the portal to the relevant finds 

databases of the respective archaeological authorities. Ultimately these individual queries 
would be collected in the portal and there be available for download by the user. 
 
The concept of utterly freely available archaeological data also has limits which must be 
considered: specific archaeological information, such as exact site coordinates, should not be 
generally accessible in order to prevent illegal excavations and associated destruction or the 
plundering of sites. It therefore seems particularly important to also make a download of the 
data available to the participating partners of the archaeological authorities so that one can 
also differentiate between registered research users and unregistered general users. 
Researchers require uninhibited access to all results for the data analysis, including exact 
coordinates, for example for projection in their own GIS. The general public should also 
receive as much information on archaeological finds as possible although the problem of 
illegal excavations is very real and not to be underestimated in order to also protect and 
preserve the future of sites. For the general public one could use for example larger and less 
precise map symbols in a geo-browser for archaeological site data, ones which would cover a 
larger area, so that actual discovery would be more difficult in reality. 
 
Recently the EU Directive “Public Sector Information (PSI)”,7 which is responsible for the 
disclosure and use of all data created with public funds, has led controversial discussions in 
museums and archives. The current statement of the German Library Association and the 
Association of State Archaeologists of Germany illustrate this.8 While many museums and 
archives are indeed financed with public funds often this is only partially and additional 
sources of revenue are urgently needed for their continued operation. Due to their limited 
financial resources many museums and archives are often not able to forego the income from 
user fees for data. One must also develop regulatory perspectives for the handling of 
research data in the context of a data network which simultaneously consider the needs of 
museums and archives as well as enable the greatest possible availability of or access to 
data, at least for purposes of research or licensed researchers. In Denmark all national 
databases of archaeological sites are already freely available for scientific purposes, which 
could serve as an example.9  
 
The construction of a virtual research data infrastructure for archaeology however should not 
be the construction of a new project platform to compete with preexisting and ongoing 
projects10 but instead serve to advise and support on the points of data structure, data 



standards, data archiving/long-term archiving, and web-GIS and should address the 
implementation of the EU Directive INSPIRE targeted towards an integrated portal.11 
 
 
The role of DARIAH (Digital Research Infrastructure for the Arts and Humanities) 
 
The European project DARIAH-EU now targets itself strategically to the consolidation phase. 
Thus far the textual and historical sciences are particularly well represented and involved in 
this project network. The German division (DARIAH-DE) has in the consortium in addition to 
the humanities above all specialists in archiving (libraries), IT and long-term archiving of data 
centers, but also from archaeology.12 Thus could the existing problem of how individual states 
currently function and the unavailability of archaeological site databases be targeted. In a test 
region, the Franco-German upper Rhine region, the archaeological data of west France and 
southwest Germany can now be consolidated to this effect within a web GIS portal.13 Through 

corresponding partners in historical and medieval studies data has already been input to this 
project network from written sources. Through the EU partner institutions from DARIAH this 
perspective could also addressed in the context of additional European landscapes, such as 
the North Sea, in similar collaborative data networks.14 The individual national databases can 
be made more scientifically accessible via the DARIAH Collection Registry, a collection of 
collections. The data ownership would simultaneously be retained by the respective national 
archaeological authorities as the data would remain on their local servers rather than being 
saved on project servers. Within the DARIAH-EU project consortium these efforts will be 
particularly well implemented on the EU-level in Virtual Competency Centres (VCC) in which, 
in addition to the Collection Registry, the different aspirations of individual regional projects in 
the European context could be harmonized and standards for databases and metadata could 
be developed interdisciplinarily. 
 
                                         
1 C. Binding/K. May/D. Tudhope, Semantic Interoperability in Archaeological Datasets: Data Mapping 

and Extraction via the CIDOC CRM.  

http://hypermedia.research.glam.ac.uk/media/files/documents/2008-07-05/binding_ECDL2008.pdf 

E.-C. Kansa/ S. Whitcher Kansa/ E. Watrall (ed.) A Web of Archaeological Data: Infrastructure, 

Services, and Interoperability.  ARCHAEOLOGY 2.0 - New approaches to communication & 

collaboration. http://www.escholarship.org/uc/item/1r6137tb 
2 Commission for Archaeology and Information Systems – ADeX (in German): 

http://www.landesarchaeologen.de/verband/kommissionen/archaeologie-und-

informationssysteme/projektearbeitsgruppen/adex/ 
3 For example WGS 84 with EPSG (European Petroleum Survey Group) Code 4326. 

http://www.epsg.org/  http://www.epsg-registry.org/ 
4 This is possible at the Bavarian State Office for Preservation of Monuments with the “Bavarian Atlas” 

which also permits the implementation of a WMS of the monument space in a local GIS. Additional 

archaeological data however cannot be queried (sources in German). 

http://vermessung.bayern.de/file/pdf/1484/Kundeninformation_08_03.pdf 

http://geoportal.bayern.de/geoportalbayern/inhalte/uebersichten/geodatendienste.html 

http://geoportal.bayern.de/bayernatlas/ 
5 In the Spatial Data Infrastructure of Germany (GDI-DE), an enterprise of federal, state, and local 

authorities, spatial data (geo-data) are provided online and networked via the internet in geo-browsers, 

geo-portals, or web-GIS. A consolidated geo-portal is the entrance to the GDI-DE in order to search 

for, find, and use federal, state, and local geo-data, and to incorporate them into additional data 

http://hypermedia.research.glam.ac.uk/media/files/documents/2008-07-05/binding_ECDL2008.pdf
http://www.escholarship.org/uc/item/1r6137tb
http://www.landesarchaeologen.de/verband/kommissionen/archaeologie-und-informationssysteme/projektearbeitsgruppen/adex/
http://www.landesarchaeologen.de/verband/kommissionen/archaeologie-und-informationssysteme/projektearbeitsgruppen/adex/
http://www.epsg.org/
http://www.epsg-registry.org/
http://vermessung.bayern.de/file/pdf/1484/Kundeninformation_08_03.pdf
http://geoportal.bayern.de/geoportalbayern/inhalte/uebersichten/geodatendienste.html
http://geoportal.bayern.de/bayernatlas/


                                                                                                                                            
networks (such as those for archaeology). 
6 (In German) http://sammelsurium-westlausitz.de/fmi/iwp/res/iwp_home.html 

Datenbank Archaeologie; Kontoname: Gast, Passwort: kamenz; normale Ansicht. 
7 http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2003:345:0090:0096:EN:PDF 
8 (In German) http://www.landesarchaeologen.de/verband/empfehlungenresolutionen/ 
9 (In Danish) http://www.kulturarv.dk/fundogfortidsminder/Download/ 
10 For example the project IANUS, a research data center for archaeology and ancient studies of the 

German Archaeological Institute (DAI), may be mentioned here. http://www.ianus-

fdz.de/projects/zentr-dig-arch/wiki/Vorarbeiten_DAI (in German). 

Project CARARE/Europeana GIS services and archaeology-architecture site data 

http://www.carare.eu/eng/Resources  http://www.carare.eu/ 

H.-J. Hansen/K. Fernie, CARARE - Connecting Archaeology and Architecture in Europeana 

http://www.researchgate.net/publication/221197098_CARARE_Connecting_Archaeology_and_Archite

cture_in_Europeana/file/e0b495190e8739eb0a.pdf 

“The primary mission of the Europae Archaeologiae Consilium (EAC) is to support the management of 

the archaeological heritage throughout Europe and to serve the needs of national archaeological 

heritage management agencies by providing a forum for organizations to establish closer and more 

structured co-operation and exchange of information”, see project ARCHES (Archaeological 

Resources in Cultural Heritage a European Standard) http://www.european-archaeological-

council.org/13-0-Archives.html , P.-A.-C. Schut (ed.) Listing Archaeological Sites, Protecting the 

Historical Landscape 

http://www.archaeolingua.hu/books/eac/eac%2003.html 

“The European Association of Archaeologists (EAA) is a fully democratic body which consists of 

various boards and committees whose members are chosen through an annual election process”, e.g. 

Working Parties “Terms of Reference for the Working Party on Archaeological Archives and 

Collections in Europe” and “ArchaeoLandscapes Europe” http://www.e-a-a.org/working_groups.htm 
11 INSPIRE: Infrastructure for Spatial Information in the European Community. 

http://europa.eu/legislation_summaries/environment/general_provisions/l28195_en.htm 

“The Institute for Archaeologists (IfA) has also developed a range of Codes, Standards and Guidelines 

in the United Kingdom”, e.g. IfA Standard and guidance for archaeological advice and procurement of 

archaeological services. http://www.archaeologists.net/codes/ifa 

Opinions and recommendations of the Association of State Archaeologists in the Federal Republic of 

Germany (Verband der Landesarchäologen in der Bundesrepublik Deutschland): Guidelines for 

archaeological monuments in Germany (Leitlinien zur archäologischen Denkmalpflege in 

Deutschland) and Standards for excavations and prospecting of performing and documenting 

(Standards für Ausgrabungen und Prospektion zur Durchführung und Dokumentation)  

http://www.landesarchaeologen.de/verband/empfehlungenresolutionen/ (In German)   

ARIADNE (Advanced Research Infrastructure for Archaeological Dataset Networking in Europe) is a 

project that “brings together and integrates existing archaeological research data infrastructures so 

that researchers can use the various distributed datasets and new and powerful technologies as an 

integral component of the archaeological research methodology. The project will enable trans-national 

access of researchers to data centres, tools and guidance, and the creation of new Web-based 

services based on common interfaces to data repositories, availability of reference datasets and 

usage of innovative technologies.”  http://www.ariadne-infrastructure.eu/About/Introduction 
12 (In German) http://de.dariah.eu/ 
13 The project TOPAMA is being conducted by the Goethe University Frankfurt, Pantheon-Sorbonne 

University (Paris 1), and the University of Würzburg and supported by DARIAH-DE, see ArkeoGIS (in 

French and German) http://arkeogis.org/ 
14 DARIAH-EU partners include, among others, the Dutch DANS (Data Archiving and Networked 

Services) http://www.dans.knaw.nl/en and the British Archaeology Data Service) with the European 

data network project ARENA (Archaeological Records of Europe – Networked Access). 

http://sammelsurium-westlausitz.de/fmi/iwp/res/iwp_home.html
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2003:345:0090:0096:EN:PDF
http://www.landesarchaeologen.de/verband/empfehlungenresolutionen/
http://www.kulturarv.dk/fundogfortidsminder/Download/
http://www.ianus-fdz.de/projects/zentr-dig-arch/wiki/Vorarbeiten_DAI
http://www.ianus-fdz.de/projects/zentr-dig-arch/wiki/Vorarbeiten_DAI
http://www.carare.eu/eng/Resources
http://www.carare.eu/
http://www.researchgate.net/publication/221197098_CARARE_Connecting_Archaeology_and_Architecture_in_Europeana/file/e0b495190e8739eb0a.pdf
http://www.researchgate.net/publication/221197098_CARARE_Connecting_Archaeology_and_Architecture_in_Europeana/file/e0b495190e8739eb0a.pdf
http://www.european-archaeological-council.org/13-0-Archives.html
http://www.european-archaeological-council.org/13-0-Archives.html
http://www.archaeolingua.hu/books/eac/eac%2003.html
http://www.e-a-a.org/working_groups.htm
http://europa.eu/legislation_summaries/environment/general_provisions/l28195_en.htm
http://www.archaeologists.net/codes/ifa
http://www.landesarchaeologen.de/verband/empfehlungenresolutionen/
http://www.ariadne-infrastructure.eu/About/Introduction
http://de.dariah.eu/
http://arkeogis.org/
http://arkeogis.org/
http://www.dans.knaw.nl/en


                                                                                                                                            
http://ads.ahds.ac.uk/arena/  ARENA defines standards in Archaeology (e.g. metadata standards). 

“The Project is concerned with conservation and presentation of the European archaeological heritage 

through new information technologies. The ARENA Network partners in Poland, Romania, Denmark, 

Iceland, Norway and the United Kingdom share and develop expertise in the conservation of 

archaeological data.” http://ads.ahds.ac.uk/arena/links/standards.html#spatial 

http://ads.ahds.ac.uk/arena/
http://ads.ahds.ac.uk/arena/links/standards.html#spatial
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Introduction 
    The Digital Knowledge Store1 of the Berlin-Brandenburg Academy of Sciences and 

Humanities3 (BBAW) is a research project funded by the Deutsche Forschungsgemeinschaft 

(DFG) and developed by the TELOTA2 working group. The goal of the Digital Knowledge Store 

project is to develop a search infrastructure for the digital resources of the BBAW and to 

provide central access. It aims not only to collect and bundle all the digital resources but also to 

connect them semantically and to increase the visibility of the research data of the BBAW.  

    Particularly challenging is the heavily heterogeneous nature of the digital resources. Research 

projects at the academy vary widely in regard to historic and linguistic background (e.g., ancient 

Greek, Arabic or modern western languages) as well as to research focus and the form of 

research results. Consequently digital resources are published in an extensive variety of formats. 

    In order to make the Academy’s digital resources searchable we apply techniques from the 

fields of Information Retrieval as well as Semantic Web technologies. The Knowledge Store 

contains a full text index for the content of the resources and a RDF store for the metadata as 

well as different processing software layers for the semantical and morphological analysis (fig.1).  

The resources are analysed by the mutual enrichment of metadata and fulltext which forms the 

basis for the visualization. The search result will be displayed by an innovative interface that 

offers a step-by-step search process in which the Knowledge Store extends the search result 

rather than reducing it by filtering.  

 

Techniques, Tools and Means 
A cornerstone of the Digital Knowledge Store is the registration and analysis of metadata. 

Metadata is created in two ways, manually and script based. The flexibility of the metadata 

format needs to meet the high demands on the heterogeneity of the academy's digital resources. 

The modelling in OAI Object Reuse Exchange4 (OAI-ORE) serves as the basis for the 

reproduction of the net-like structure of the resources. OAI-ORE is a RDF-based format and 

enables an adequate modelling of resource aggregations and relations. 

    The metadata processing layer includes an Apache Jena5 RDF store working with named 

graphs, a SPARQL query component and self-build entity recognition modules which all together 

enable the detection and identification of overlapping information in projects of the BBAW 

regarding to e.g. content or human resources.  

    The contents of the resources are stored in an Apache Lucene6 full text index. At indexing 

time the texts are normalized and morphologically analysed by the DONATUS Language 

Technology7. DONATUS applies for the languages Latin, Ancient Greek, Arabic and some 

modern languages.  

    In the future we want to enrich the data in the Knowledge Store with information from 

external sources like the Person Data Repository8 (PDR) or DbPedia. 

    The application of said techniques opens up a variety of possibilities like graph visualization, 



topic modelling or semantic extraction. On the other side we face challenges like the unification 

of search results from different systems and formats. The potential of the Knowledge Store lies in 

the design of the search process called Knowledge Browsing (fig. 2): a dialog based retrieval 

interface which offers ways of interaction, semantic recommendations and context related 

concepts in a step-by-step retrieval process. This semantically associative process can provide 

new perspectives and makes implicit information explicit. 
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Abstract 
This paper reviews a scholarly activity conceptual model for collaborative research that was 

designed and further customized in the context of two EU projects, Preparing DARIAH and 

EHRI. The scholarly activity conceptual model was inspired by cultural-historical activity 

theory and was expressed in terms of the CIDOC CRM ontology. This model enabled 

formalizing the representation of scholarly activity and proved helpful in identifying and 

understanding the main activities, entities and their relations within the field of arts and 

humanities research. We further present certain aspects of the development of the scholarly 

activity conceptual model and the motivation behind it, some practical examples of 

implementation and findings from our hands on experience. We focus on discussing how we 

envisage the model as part of a support environment for collaborative research, in particular 

its role in identifying common concepts and activities and in representing and accessing 

common procedures and methods. We believe that the use of this conceptual model may 

enable the modeling of the research practices in a specific domain, provide the means to 

extract valuable information about common activities, resources and tools used, as well as 

services.   

Keywords 
Conceptual modeling, Digital Curation, Activity Theory, CIDOC CRM 

Introduction 
In the preparatory phase of the DARIAH Digital Research Infrastructure for the Arts and 

Humanities1 the Digital Curation Unit2 developed a conceptual model for scholarly research 

activity. This conceptual model, inspired by cultural-historical activity theory and expressed 

in terms of the CIDOC CRM ontology, enabled formalizing the representation of scholarly 

activity and proved helpful in identifying and understanding the main activities, entities and 

their relations within the field of arts and humanities research. The conceptual model was 

further customized for the needs of the European Holocaust Research Infrastructure (EHRI)3 

project. In this paper we review the scholarly activity conceptual model, how it was 

developed and customized and what the primary motivation behind its development was. 

We discuss some practical examples of implementation and findings from our hands on 

                                                           
1 http://www.dariah.eu/ 
2 http://www.dcu.gr/ 
3 http://www.ehri-project.eu/ 

mailto:s.angelis@dcu.gr


experience. We further focus on discussing how we envisage the model as part of a support 

environment for collaborative research, in particular its role in identifying common concepts 

and activities and in representing and accessing common procedures and methods. We 

believe that the use of this conceptual model may enable the modeling of the research 

practices in a specific domain, and support extracting valuable information about common 

activities, resources and tools used, as well as services.  

Early development, the Preparing DARIAH version 
The initial development of the scholarly activity model was part of the Digital Curation Unit’s 

work in the Preparing DARIAH project. This work involved a) an empirical study of scholarly 

work, based on the elicitation, transcription, conceptual encoding and interpretation of 

open-questionnaire interviews with humanities scholars and b) the formalization of the 

analysis of the results of the empirical study. In order to accomplish these tasks there was a 

first stage of an empirical study that was carried out in the form of semi-structured 

conversational interviews with European arts and humanities scholars. This study involved 

over twenty interviews with researchers of different status from across Europe. We needed 

to understand the point of view of both senior and junior researchers and their view on 

current tools and services as well as which of these tools and services and how, were 

incorporated in their work. This approach led to a specific interview scenario containing a 

series of questions that attempted to capture how researchers work and what the main 

activities they perform throughout their research are. These questions were about their 

research starting point and goals, their academic status, how they perform their research, 

where and which are the tools and services they use, how they organize their material, how 

they work with their material, etc. 

The findings from this empirical study had to be modeled and to that end we initially studied 

extensively the material to get well acquainted with it, the interviews were transcribed and 

tagged and the findings were ordered in groups. This modeling provided us with a 

quantitative view of the research activities performed by a researcher and the entities 

associated with these research activities. One of our initial findings was that most 

researchers were doing reflexive research; they followed their sense while trying to 

accomplish several sub-goals in their research. In their attempt to accomplish these sub-

goals they performed several groups of activities that involved a number of associated 

entities. Our further analysis of the interviews revealed some patterns of research practices 

shared among researchers of different status and experience. In our effort to represent, 

analyze and understand the evidence related to scholarly information practice that was 

evident in this material we developed a conceptual model for scholarly research activity 

which was checked for relevance on the basis of a study of relevant information behavior 

literature, as well as an initial analysis of the empirical research presented above. The model 

(Fig. 1) is inspired by activity theory and complies with the CIDOC Conceptual Reference 

Model, an established and stable international standard (ISO 21127) for cultural information. 

 



Activity Theory, originally developed in psychology, was later used as a useful framework in 

diverse fields such as developmental research, the study of organizations, work and 

ergonomics, social aspects of technology, Human-Computer Interaction and digital 

Curation[7, 8]. The key concept is activity, which is understood as “purposeful interaction of 

a subject with the world”. An activity is always directed toward some object and a physical 

or conceptual entity (or entities). This object is identified with a goal, an objective or a 

motive, which in turn is intended to meet a specific need of the subject of the activity. 

Activities are organized in hierarchies and compose activity systems. These activities are 

constituted by conscious actions which in turn are constituted by subconscious operations. 

The subjects of the activities can be individuals or communities with shared motives. The 

interaction between subjects and objects is being performed with the use of tools. These 

tools are not limited to physical things, but can also be procedures, computer programs, 

languages and signs. 

CIDOC CRM4 is an event-centric ontology which offers a rich and mature conceptual 

modeling framework for capturing, representing and associating historical information about 

human activity in various domains of endeavor[4]. It provides definitions and a formal 

structure for describing the implicit and explicit concepts and relationships used in cultural 

heritage documentation. It includes core concepts at the level of general ontology, as well as 

specialized concepts dealing with cultural documentation. The CIDOC CRM is intended to 

promote a shared understanding of cultural heritage information by providing a common 

and extensible semantic framework that any cultural heritage information can be mapped 

to. It is intended to be a common language for domain experts and implementers to 

formulate requirements for information systems and to serve as a guide for good practice of 

conceptual modeling. In this way, it can provide the "semantic glue" needed to mediate 

between different sources of cultural heritage information, such as that published by 

museums, libraries and archives.  

The conceptual model builds on top of selected concepts of CIDOC CRM, in order to develop 

a framework specifically targeted at describing and analysing research activities in the 

Humanities in the spirit of activity theory.  The conceptual model for scholarly research 

activity is comprised of a set of entities, attributes and their relations. It provides clear 

definitions of constituent entity types and their relations, distinguishing the concept of 

Research Activity from those of Procedure, Method, Tool/Service and clarifying the relations 

between Information Object, Resource Type, Format and Concept. It also provides, by way 

of illustration, specializations of the relationship between Research Activity and Proposition, 

and that between Research Activity and Information Object, mapping to empirically 

confirmed operations in research practice. A simple walkthrough to better understand the 

conceptual model is as follows: The main entity is the Research Activity. This entity defines 

an activity performed during one’s research, and may be linked with other activities in order 

to define a group of activities. These activities are carried out by the entity Actor and have 

other Actors participating. The main Actor, the researcher, sets a main Research Goal and 

several sub-goals and in order to accomplish this Research Goal performs these Research 

Activities. In that sense Research Activities are performed in a Place (e.g. the Researcher 
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studies at the library), involve interaction with Information Objects (e.g. the Researcher 

studies at the library by searching and reading books and papers), these Information Objects 

are in different types and formats (e.g. the Researcher studies at the library by searching and 

reading digital books and papers), these Information Objects are accessed, viewed, 

organized, etc., with the use of tools and services (e.g. the Researcher studies at the library 

by searching the OPAC and reading digital books and papers in pdf format using Acrobat 

Reader) and so on. Finally, SRAM maintains a distinction between the descriptive and the 

prescriptive views on activities, thus allowing both to record the actual enactment of specific 

activities, and to capture statements of preferred or even mandatory ways of working. This 

distinction is realized through the inter-related concepts of activity (descriptive view) and 

procedure (prescriptive view).  The scholarly activity conceptual model provides the means 

to capture and model the actual workflow researchers follow while performing their 

research. 

 

 

 

Figure 1: Scholarly activity conceptual model 

As a result of the initial analysis that was performed as part of the empirical study, the 

central construct of the model, Research Activity, was defined. Research Activity, is a 

specialization of the Activity concept of the CIDOC CRM ontology, and is most notably linked 

with the concepts of Actor and Research Goal. Any given instance of Research Activity 

develops instances of Proposition (which stands as a representation of scientific statement), 

represents instances of Concept and involves interaction with instances of Information 

Object. Additional association constructs are further introduced in order to represent 



composition and precedence relations among research activities, thus allowing the 

representation of workflows of scholarly research. This conceptual model, albeit abstract, is 

grounded on an extensive empirical study of how arts and humanities scholars conduct their 

work. The model is general enough to contain and describe the activities performed in this 

domain; however capturing the specific needs of representation of particular subdomains 

requires some customization. 

The conceptual model proved to be useful in our work for DARIAH as it allowed us to create 

instances of research work and activities and link these with related entities such us people, 

places, information objects, tools and services and thus better organize and understand how 

researchers from the field of Arts and Humanities perform specific research activities. We 

implemented the model in a CIDOC CRM compliant way because we aimed for this model to 

work as an intermediary for people across the domain of arts and humanities towards 

common knowledge, understanding and collaboration. The conceptual model facilitated 

collaboration between individuals who comprised the project team that worked on the 

analysis of the data from the empirical study. It provided a common understanding of the 

various concepts and entities identified during the analysis stage and the means to structure 

that information. It served as a common language for all people involved thus greatly 

assisting in the task.  

 

EHRI customization 
The contribution of DCU in the European Holocaust Research Infrastructure involved an 

effort to identify and understand research practices and extract user requirements for digital 

infrastructures in the field of Holocaust studies. To this end we conducted an empirical study 

through semi-structured conversational interviews with Holocaust scholars. In our effort to 

structure our analysis of the interviews and to better understand the general research 

practices of the domain of Holocaust studies we used the conceptual model. What we 

realized at an early stage of our work on the interviews was that the concepts of importance 

in describing Holocaust research did not coincide with those for arts and humanities at large. 

This was expected as the domain of the EHRI project is a sub-domain of that of DARIAH and 

there are several differences between the two, therefore a special customized version of the 

conceptual model was developed for the purposes of EHRI with the introduction of 

specialized concepts and relations.  

Early analysis of the material gathered during the empirical study revealed several traits of 

the work in the field of Holocaust studies. These are either particular to this field, or 

manifestations of more general attitudes that simply happened to be recorded in this 

empirical study. Most researchers seem to share not only their actual research activities, but 

also their views on how these activities should be performed or views about how things in 

the field should work in general.  In order to show this in the conceptual model we 

introduced a new element Activity Type that is related to the element Actor through a 

“hasViewOn” relation. The elements of Concept and Proposition were omitted as they didn’t 

hold any particular importance. Also the importance of Information Resources became even 



more apparent as there were many cases that the Research Goal relied heavily on their 

existence: the decision to work on a specific subject depends on the existence and 

availability of relevant information resources. This was represented with the introduction of 

a new relation between Information Resource and Research Goal, “influences”. Also the 

element Information Resource was moved to a more central location of the conceptual 

model in order to depict its importance. We deemed important to include a new element, 

Content Provider (which is actually a particular Actor type), to show their importance in the 

research workflow of a Holocaust scholar and to be able to link the notion of rights with the 

content providers. 

 

Figure 2: EHRI customization of the scholarly activity conceptual model 

 

Practical Implementation in EHRI 
In order to analyze the interviews corpora we used the NVivo5 tool for analysis and insight. 

In NVivo the entities, their attributes and their relations were defined according to the 

conceptual model so that we could structure our data. The interviews were then imported 

and the relevant entities and relations were tagged in order to identify and organize the 

information contained therein, using the structure provided by the specialized version of the 

conceptual model for EHRI. This allowed us to identify, group and encode the researchers’ 

needs and practices and to extract user requirements for the specific domain, which was our 

initial goal. A byproduct of this work is that the information is now organized in a way that 
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future work on this corpus and understanding of the contained information will be much 

easier.  

 

 

Image 1: NVivo example 

 

An example of the encoded and extracted information from our primary material is shown in 

Table 1. In this table we have examples from interviews quotes and the encoded information 

we extracted from them. The relations between the entities allowed for the better linking 

and organization of the content and the structuring of the actual research activities and the 

extraction of activity types. 

Interview quote extracted information 

Right now I am researching the holocaust of the jewish of 

Kiev and the way it has been remembered.  

Research Goal:   holocaust of 

the jewish of Kiev and the way it 

has been remembered  

In the gathering stage I prefer to obtain the copy and 

preferably I like to scan it. Although it’s not always 

Research Activity: gathering 

Research Activity: obtain a copy 



possible, because depending on the location where you 

can see the physical document. It’s sometimes not 

possible to scan it.  If I can I scan it. Or buy it actually. 

Simply buy the books online from Ukraine, I get the 

books. 

(part of RA “gathering”) 

Research Activity: scan (previous 

RA “gathering”) 

Information Resource: a copy, 

book 

Activity Type: gathering 

 

It’s not the ideal thing. I prefer working in Word. It has 

more functionality in there, it’s quicker, you can’t use 

refworks within google docs, which for me is horrible, 

because now I have to type in all my references and what 

I actually do is export the google doc into word and my 

refer file and then import it again which is of course 

stupid. But then eventually it works. 

Tool: Word 

Tool: refworks  

Tool: google docs 

Research Activity: keeping 

references  

 

Table 1: EHRI instances 

 

In DCU’s work for EHRI different people worked on analyzing the primary material 

complementary. This collaborative process was carried out smoothly as there was a 

common understanding about the key concepts and entities involved, as defined with the 

assistance of the conceptual model. The primary material was used in a subsequent research 

performed by people outside the original working group. The goal of this subsequent 

research was to create a knowledge base from the data contained in the interviews. This 

task was made significantly easier once the new associate got well acquainted with the 

conceptual model, as it provided easier understanding of the content of the material and the 

concepts contained therein. 

Conclusions 
While performing the tasks needed for our effort in these two EU projects we recorded the 

usefulness of this conceptual tool and came up with some interesting findings. The 

conceptual model is a model that was put to the test as it was actually implemented and 

used to organize knowledge in two EU projects, DARIAH and EHRI. We used it to capture the 

research protocol of a domain, identify common ground between researchers, common 

activities, tools and services. In this sense the conceptual model can offer the basis for a 

research design tool for collaborative research, as it allows to group together common 



practices, it provides an abstract view of the research work performed in that particular 

field, as well as an organized view of the main actors, goals, resources and processes 

involved. This also makes possible for a quick overview of the work performed by a 

researcher and therefore a fast navigation inside one’s research data. The work of DCU on 

these EU projects was carried out by an interdisciplinary group of people with different 

backgrounds, perceptions and acquired terminology. Due to the ontological nature of the 

scholarly activity conceptual model, it actually served as a collaboration tool, facilitating a 

common understanding regarding the material, through a common conceptualization of the 

domain in terms of entities, properties and relations. This allowed for easier and more 

straightforward communication between the working team and improved the overall 

collaboration. The conceptual model can also be viewed as a methodological orientation 

tool for novices, or a tool that assists more experienced researchers with organizing shared 

views on research questions, methods, practices, and resources.  

Our work with the conceptual model and real life data revealed that the model is sufficient 

as a tool that assists in the process of conceptualizing research work and activities for the 

field of Arts and Humanities. While trying to implement it on domains of different generality, 

from Arts and Humanities at large to Holocaust studies, we noticed that we should further 

specialize the conceptual model to account for particular characteristics of the domain, level 

of detail and research practices. This specialization was based on the analysis of the actual 

way researchers work in the field. While analyzing these domains of different generality we 

identified different research practices and different dominant entities which resulted to a 

customization of the conceptual model. 
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Abstract 

The aim of the present paper is to focus on the information behaviour of art historians 

regarding the creation, design, use and management of their personal collections in the digital 

age. Establishing personal collections in art history has been a standard, much valued activity 

that naturally follows the seeking and discovery of information. Yet, although a lot of research 

has been conducted on the information seeking behaviour of scholars, there have been few 

studies so far examining their personal collecting behaviour. Therefore, there is little information 

available on how researchers collect and use the gathered material afterwards. In fact, getting to 

know scholars’ practices and habits along with the conceptual criteria upon which their personal 

collections are built can bring useful results for the facilitation of art historical research in terms 

of customised digital tools and services. This paper is based on the first author’s, Christina 

Kamposiori’s, ongoing PhD research on “Personal research collections: examining research 

practices and user needs in art historical research”, conducted at the Centre for Digital 

Humanities, Department of Information Studies, University College London, under the 

supervision of Prof. Claire Warwick and Mr Simon Mahony. 

Keywords: art history, personal collections, information seeking, information 

organisation, scholarly practices, digital tools & services 
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Building Personal Collections: Supporting the Information Practices of  

Art Historians in the Digital Age  

Technological progress and mass digitisation of information resources have brought 

large changes to traditional scholarship in the Arts and Humanities during the past 50 years. 

Furthermore, as research conducted in the digital environment has grown, affecting the 

behaviour and habits of scholars, so has the need to support scholars’ emerging needs. 

Building efficient, cost-effective digital infrastructure has, as a result, become a crucial 

component for research development; however, in order to achieve this goal, the behaviour 

and needs of various groups of scholars should be examined.  

Considering art historians, they tend even today to be hesitant in the use of new 

technologies (Zorich, 2012, pp. 19-22; Cuno, 2012). However, this issue can be better 

understood if we consider several factors that characterise the field and make the employment 

of digital technologies for research purposes especially challenging: the diversity of 

information objects - types and formats - and methods used; the different career stages of 

scholars and the various degrees of familiarity with new technologies which create different 

needs; the variety of difficulties usually faced by researchers when using digital material such 

as access problems, copyright issues, cost (Durran, 1997, pp. 2, 9-11; Rose, 2002, p. 40; 

Grindley, 2006, p. 6; Zorich, 2012, pp. 33-34). Yet, despite the difficulties, art historians have 

started to rely more on digital resources than previously (Beaudoin & Brady, 2011, p. 30), but 

the problems still persist with scholars trying to cope with services that do not meet their 

needs (Rose, 2002, pp. 37-39; Beaudoin, 2005, pp. 35-36; Zorich, 2012, pp. 13-16, 26-27).   

Therefore, various studies have been conducted on the information behaviour and 

needs of scholars in art history the last 30 years with most of them focusing on the 

information seeking practices of researchers in the field; a key issue deriving from these 

studies has been the importance of personal collections for research and teaching (Bakewell, 
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Beeman, & Reese, 1988, p. 19; Challener, 1999, p. 33; Elam, 2007, p. 5; Beaudoin & Brady, 

2011, p. 31, Kamposiori, 2012a). Additionally, another interesting point that is inferred from 

these studies is that new technologies have not achieved to meet the organisational needs of 

art historians for over 20 years (Rose, 2002, pp. 37-38; Beaudoin, 2005, pp. 35-36). 

Consequently, the issues mentioned above along with the fact that there is little 

information known on how scholars organise and manage information in the digital age - not 

only in art history but in other disciplines as well - (Palmer, Teffeau, & Pirmann, 2009, p. 16; 

Beaudoin & Brady, 2011, p. 32) set the objectives of this project. More specifically, the 

purpose of this study is to foster understanding of how scholars in art history create, design, 

use and manage their personal research collections together with the criteria upon which their 

decisions are made.  

Thus, in the present paper, a review of the literature highlighting the importance of 

personal collections in art history along with the practices involved in the seeking, gathering 

and organisation of information is presented. Building a complete picture of scholars’ 

practices and habits in the digital age is necessary for identifying the specific requirements of 

art historical research; moreover, achieving this goal can eventually lead to the effective 

support of scholarship in the field though the provision of customised digital tools and 

services.  

The value of personal collections in Art History 

In the field of art history, the collections scholars create tend to include the wide 

variety of resources they manage to gather throughout their research career (Challener, 1999, 

p. 7; Elam, 2007, p. 5; Beaudoin & Brady, 2011, p. 32; Kamposiori, 2012b, p. 619). Yet, 

because of the large analogue collections scholars have managed to create over the years, 

they often feel reluctant to move forward and use resources in digital format (Beaudoin & 
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Brady 2011, p. 32). Moreover, many scholars maintain analogue collections along with the 

digital ones due to the fear of data loss in the digital environment (Palmer et al. 2009, p. 18).   

In general terms, the reliance art historians develop upon their personal collections is 

a key issue in the field highlighted by several researchers examining the information seeking 

activity of art historians (Stam, 1984, p. 117; Challener, 1999, pp. 6-7; Larkin, 2010, pp. 49, 

52). Larkin (2010, p. 52), especially, by using quantitative and demographic analysis, found 

that women art historians are keener to develop a reliance on their personal collections than 

men; however, personal collections and the dependence on them was the only category in her 

research where this gender issue was revealed. For instance, when her participants were 

asked about regularly adding material to their personal libraries, more than half agreed 

without any gender difference being apparent.  

Moreover, the personal pride scholars feel about their collections is an issue regularly 

mentioned. For example, Palmer et al. (2009, pp. 16-17), through their research, discovered 

that one third of their fine arts respondents, when advising their students about potential 

resources to use, suggested their own collections because they considered them to be 

“superior and more relevant”. In Brockman, Neumann, Palmer, & Tidline (2001, p. 9) one of 

the participants referred to his personal library as the “credential catalog”. Finally, Beaudoin 

& Brady (2011, p. 32) noted that personal image collections played an important role in the 

“work-related image behavior of scholars” participating in their research.  

Yet, it is not so surprising that scholars develop great reliance on their personal 

collections and feel proud about them. An early study (Soper, 1976) studying the personal 

collections of scholars in the sciences, social sciences and the Arts & Humanities revealed 

that, since these collections were built upon scholars’ personal interests and were easy to 

access, scholars tended to use them as their first choice when they needed to find information 

(Soper, 1976, p. 409).  
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To continue, personal collections in art historical scholarship facilitate both research 

and teaching. Collecting visual material can constitute a solution to difficulties such as 

problematic illustration of some art periods, inaccessible or deficient institutional collections, 

difficulties in the web retrieval of images, and low quality of surrogates (Bakewell et al., 

1988, p. 18; Durran, 1997, p. 11; also see Palmer et al., 2009, p. 18). Consequently, the 

ownership especially of 35mm slide collections is very common practice in art history 

(Bakewell et al., 1988, p. 20; Challener, 1999, p. 33; Elam, 2007, p. 5; Larkin, 2010, p. 53); 

more significantly, many of these collections may contain images never reproduced before 

which were captured and collected after many years of travelling and hard work (Bakewell et 

al., 1988, p. 18). Also, according to Grindley (2006, p. 6), copyright issues, incompatibility of 

metadata, sustainability and robustness can be key reasons for gathering material and 

building personal collections.  

Seeking & gathering information  

According to Palmer et al. (2009, pp. 9-10) searching for research material can be a 

rather complicated activity for scholars; still, it is fundamental for the initiation of the 

research process. In art history, the beginning of the research process and, therefore, the 

seeking of the needed information, is to a great extent linked with the scholar’s intuition and 

memory. These two qualities, which are associated with connoisseurship, apply especially on 

the case when research starts from the examination of the artwork.  

Brilliant (1988, p. 122), for example, noted that scholars in the field, after relying 

greatly on their visual memory to examine a work of art, attempt to search for related 

information objects. In fact, artworks can many times inspire the initiation of the art historical 

research process through enabling the discovery of the research subject and the generation of 

research questions. These questions, then, in combination with the experience of the 

researcher lead to the searching of the required material. Bailey & Graham (2000) suggested 
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that the types of information objects required each time for conducting a project in the field, 

as well as the way the research will continue, are determined by the research subject. Though, 

Bakewell et al. (1988, p. 111) argued that, at this early stage of research, every possible 

resource may prove useful; it seems then that works of art are “only the beginning of the 

quest” (Bakewell et al., 1988, p. 124).  

Considering the most important data in art history, they are the names, titles, places 

and dates referring to works of art (Reed, 1992, p. 734). Accordingly, Bates et al. (1993, pp. 

14-15), in their study for the Getty Online Searching Project, confirmed the use of these 

terms during the seeking process in the Arts & Humanities. In terms of the information 

seeking practices scholars in the discipline prefer, chaining and browsing are amongst the 

most popular; direct searching, even though it is a possibility in art history, is not usually 

chosen by scholars as an effective searching activity.  

In fact, chaining and browsing are two of the main reasons Beaudoin (2005, pp. 34-

35) argued that art historians’ information seeking behaviour matches Thomas Mann’s (1993) 

Subject or Discipline Model and Library Science Model of information seeking, as well 

Marcia Bates’ (1989) berrypicking searching model. According to these models, some of the 

characteristics fitting art historians’ information seeking behaviour are the great reliance on 

libraries for browsing material and the use of bibliographies, citations, indexes and abstracts 

for tracking resources. 

Furthermore, networking and communication are valuable activities for locating 

information. Informal communication with colleagues and other subject specialists, 

exchanging information at conferences and other types of meetings, as well as visiting 

publishers in person are some of the most useful ways for discovering resources in art 

historical research and keeping track of the progress in the field (Bakewell et al., 1988, pp. 

41, 75-78; Reed, 1992, p. 752; Challener, 1999, pp. 7-8; Rose, 2002, pp. 36-37; Grindley, 
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2006, pp. 4-6; Kamposiori & Benardou, 2011, p. 4). Stam (1997, p. 29), specifically, referred 

to the communication between colleagues in the field as the “invisible college”, constituting 

an important part of the information seeking behaviour of art historians. Being in the digital 

age, these activities are supported by a range of tools and services. E-mail, discussion lists, 

forums, blogs, online conferencing services and other online communities like twitter - even 

though its use is limited in art history - are some of the digital tools and services that enhance 

these activities and, thus, scholars’ information seeking (Beeman, 1995, pp. 99-100; 

Grindley, 2006, pp. 4-6).                   

Lastly, although some similarities in terms of the information seeking behaviour of 

different groups of art historians can be identified, there is a growing need to further examine 

some specific groups, whose needs and methods have been until now understudied. For 

example, the fact that scholars researching on interdisciplinary or non-traditional subjects 

confront difficulties while seeking for information demonstrates that their methods and needs 

lack thorough examination and support (Rose, 2002, p. 37). Therefore, in order to provide 

them with personalized tools and services for their research, it is essential to identify and 

understand the differences in their interests and methods they use. Finally, it is important to 

study not only the more profound searching activities that scholars employ, but also other 

research activities which may facilitate their information seeking activity, such as networking. 

Their support with appropriate digital infrastructure, then, will enhance art historical research 

as a whole. 

Storing, filing, indexing and organising information 

The building of personal collections in art history not only constitutes an ideal choice 

for dealing with various issues regarding research and teaching in the field, but also for 

creating collections that can be indexed and organised upon personal criteria (Bakewell et al., 

1988, p. 19). However, as collections grow, the need for their management emerges (Meho & 
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Tibbo, 2003, pp. 582-583; Palmer et al., 2009, p. 18; Beaudoin & Brady, 2011, p. 32; 

Borgman, 2003, p. 2); in art history, especially, this can be a very challenging task due to the 

format variety and the personalised practices involved. For instance, Rose (2002, p. 37) noted 

that art historians studying non-traditional subjects have different information needs; as a 

result, such an observation inevitably generates questions regarding the collection, storing 

and organisational habits of different groups in the discipline.   

In addition, as mentioned before, technology, in contrast to the impact it has had on 

the information seeking practices of scholars in art history, has not affected their storing and 

organisational habits. More specifically, Rose (2002, pp. 37-39) observed that scholars in the 

discipline continued to utilize traditional methods while storing, filing and organising 

information, as they could not afford the time and effort to learn new programmes that often 

did not meet their needs. Thus, participants in her study considered themselves primitive and 

low tech in this area of research, although they expressed the desire to learn more on how to 

use new technologies. Finally, in this study scholars expressed a desire for tools and services 

that will enable the storing and indexing of information; interestingly, this wish was first 

presented in the study conducted for the Getty’s Art History Information Program in 1988 

(Bakewell et al., 1988, pp. 103-104), but not yet fulfilled.  

Moreover, Beaudoin & Brady (2011, p. 32) recognised the existing need to support art 

historians with the creation, management and preservation of their collections, especially 

image collections, as most respondents in their study agreed that their technological skills 

were not adequate for developing and maintaining them. Since many scholars did not follow 

any particular archiving methods concerning digital images in their collections, Beaudoin & 

Brady argued that information professionals should assist them in the filing and management 

process for enabling the future retrieval of information.  
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Furthermore, Bakewell et al. (1988, pp. 44, 49), in the published results of the Getty 

Art History Information Program, noted that art historians considered the systematic 

organisation of information to be a vital stage during their research process; some of their 

interviewees referred to their struggle of keeping track of information as a “matter of 

professional survival and success” (Bakewell et al., 1988, p. 44). This was indeed a 

challenging task and scholars in the study reported on the various problems they faced. These 

ranged from the difficulty to adapt new technologies to their needs, such as using a system 

that allowed them to view many resources at the same time, to personal habits complicating 

the process, like the tendency to lose hand-written information. Battin & Stam (1989, p. 23), 

also, referred to their research participants’ difficulty to organise their own photographs and 

textual resources as well as to understand how other repositories were structured and 

organised.  

Moreover, it is worthwhile mentioning Case’s observation (1991b, p. 657) about the 

new burden today’s scholars have to face regarding the storage and retrieval of information 

which has always been challenging for them; actually, the digital age has brought the 

additional problem of trying to keep track of digital information, along with piles of data in 

paper form. In another study of his (Case, 1991a, p. 75) in particular, he noted that historians 

who tried to organise all of their material eventually gave up as it was a very difficult task to 

accomplish. Finally, even in the most recent Ithaka S+R’s report (Rutner & Schonfeld, 2012, 

p. 23) all of the historians interviewed still considered the organisation and management of 

the analogue and digital notes and resources to be a primary challenge for them.  

Conceptual and habitual criteria for building personal collections 

Despite the challenges, though, art historians have developed some personalized ways 

to record, store and organise their collected material while the means for achieving this 

purpose vary. Significant is also, that even though they may use digital technologies in other 



BUILDING PERSONAL COLLECTIONS  11 

parts of their research, traditional means of indexing and filing information are still among 

the most popular. In Bakewell et al. (1988, pp. 48-49) scholars used different media for 

cataloguing verbal and visual information. The media used for filing verbal information 

varied from notebooks and data sheets to three by five inch file cards, whereas the visual 

material, such as slides or photographs, was organised mostly in boxes. Only a few of the 

interviewees had started using the computer at that time, but most of them were reluctant to 

stop using paper systems which they considered to be familiar and successful.  

Some years later, in 1992, Reed (1992, p. 752) mentioned that art historians still 

“stored their knowledge in their heads and their data in boxes of three by five cards” while 

Lavin (1997, p. 198) in 1997 argued that art historians expected computers to enable them to 

arrange information as they did with cards. Continuing, Challener (1999, pp. 28, 33-34), in 

her research, noted that some scholars used a slide curator for cataloguing slides whereas one 

of them had already started to digitize her slides. Brockman et al. (2001, p. 24) found out that 

many of their participants praised the portability and simplicity of the filing cards and two of 

them used a reference manager to organise their bibliographies.  

Rose in 2002 (2002, pp. 37-38), by examining the impact of technology on the 

information seeking behaviour of art historians, was surprised to find that more than half of 

them still used conventional methods for the record, storage and management of their data. 

Notebooks, index cards, loose-leaf binders for recording and organizing hand-written notes, 

bibliographies, computer printouts and copies from books were amongst the most popular. 

Moreover, subject dividers were used to sort information inside the notebooks and plastic 

sleeves were preferred for storing photographs. Index cards, in particular, were praised for 

their small size and the ability they offered for easy rearrangement of information. Other 

recoding methods included digital cameras for photographing art objects, thumbnail sketches 

when photographing was not an option and computers, since some of the art historians have 
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started keeping notes directly on them. After the recording stage, scholars proceeded to the 

storing and filing process by using manila folders for organising loose-leaf papers, printouts 

and photographs and storing them in file cabinets or boxes where slide collections were also 

placed. Rose noted that only four of the scholars in her research used the computer to file 

information while one of them had bought Endnote (proprietary bibliographic management 

software) hoping to help her store and retrieve her references more efficiently.  

Furthermore, personal criteria are often factors that determine the methodology upon 

which information will be recorded, catalogued and organised in art historical scholarship. In 

the study conducted by Bakewell et al. (1988, pp. 46-50), art historians seemed to follow a lot 

of different approaches for accomplishing these tasks. For instance, many scholars tended to 

organise their bibliographic references separately whereas the overall information material 

collected was usually organised by projects with the subject categories tailored to ongoing 

research. Similarly, the relationship between a scholar’s projects affected the overall filling 

system they employed, as some art historians used to close the files when a project was 

completed and others attempted to develop systems that could facilitate potential 

relationships between their various projects. Also, some scholars in the field referred to the 

need they occasionally faced of opening closed files in order to synthesize further the 

material.  

Another typical organizational system in art history, according to Bakewell et al. 

(1988, pp. 46-50), was the separation of information depending on teaching or research 

purposes, a system that applied especially to the organization of visual material, such as 

slides. Concerning visual material, particularly, some scholars tended to sort it 

chronologically or by style and they duplicated the images when it was necessary to file them 

in more than one project. Finally, others stored visual resources based on open-ended projects 

or projects that were finite by nature.    
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Additionally, very interesting are the findings of some authors in the literature 

regarding the conceptual process involved in the building of personal collections, which also 

connects this research stage with other scholarly practices. In Bakewell et al. (1988, pp. 44-

45) the arrangement of information was described as a problem-solving process, essential for 

forming the intellectual inquiry in art history; for instance, a scholar in their study tried to 

make decisions about their project by organizing the research material in a specific way. Also, 

Case (1991a, pp. 76-77), through his research, identified a strong connection between the 

organizational stage of research and the writing process. More specifically, as the writing 

stage progressed, scholars tended to reorganize their cards and files accordingly so as to 

reflect the development of the scholarly argument and the transformation of their 

understanding of the topic. Furthermore, memory is strongly related to this stage of research 

in art history. For example, a scholar in Bakewell et al.’s (1988, p. 49) study admitted that 

their memory was strongly topographical, since they could easily remember things being in 

“a spatial rapport to one another”.  

In fact, the aforementioned comment reveals the key role the physical workstation 

plays in the organisational habits of scholars. Case (1991b, pp. 662, 665), after studying the 

physical workspace of historians and their habitual behaviour at this stage of research, 

observed that even the most untidy workspace was actually organised in a way that meant 

something to the scholar working there. For instance, some scholars organised their material 

based on the need to have things at hand while others organised it in a way that reminded 

them of their workload. He also discovered that four criteria were usually applied to the 

categorisation of information: spatial constraints; form; topic; treatment, purpose or quality.  

To continue, historians in Case’s (1991b, pp. 658-659) study, like art historians, relied 

very much on their memory for locating information and based the evolution of their filing 

and organisational systems on mental and physical aspects. Thus, he suggested that 
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successful information systems should be created according to the patterns and needs scholars 

develop in the physical world and based on the motivation and purposes behind the practices 

scholars adopt. Accordingly, Borgman (2007, pp. 42-43), in her monograph, recommended 

that the creation of information systems should constitute a reflection of the real world. Also, 

in 2003, Borgman argued the following:  

Personal digital libraries can be much more than repositories; they can facilitate 

malleability, mutability, and mobility of information resources. Thus, the next 

research front is to design tools and services that will enable individuals to 

create and manage their own personal digital libraries (PDLs). (p. 1)     

Concerning art history, particularly, Beeman (1995, p. 96) mentioned that the ideal 

organisational system would take under consideration the organic quality of scholars’ 

collections and the fact that art historians tend to organise their resources by project and not 

by subject. Bakewell et al. (1988, pp. 50-51), moreover, argued that art historians need a 

system that would “interfile and coordinate” their collected verbal and visual material, 

whereas a scholar in their research wished for a system that would allow them to organise the 

visual material according to the analytical techniques used in art history, such as iconography. 

Finally, since many art historians seemed to work on many files and different formats of 

information at the same time, they would find useful a system that allows them to view 

various types of information at once (Bakewell et al. 1988, p. 49).  
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Conclusion and Future Study 

To conclude, the problems art historians usually face when they engage with digital 

tools and services highlight the need for further study on their information practices and 

needs. Understanding the importance of personal collections for art historians and the criteria 

upon which the creation, design, use and management of these collections are based is 

essential for facilitating their research with personalised tools and services in the digital age. 

Furthermore, it is important to mention that despite the significance of the existing studies in 

the field, the majority of the literature is outdated and needs to be revisited as technology 

progresses, so that findings in this research field remain attuned to the constant development 

of technology. Hence, one of the main concerns of this ongoing project is to examine further, 

through its methodology, and hopefully understand the cognitive process behind the practice 

of collection building.  

Current study proposes that a high level of understanding regarding the collecting and 

organisational practices of scholars can be achieved; in fact, the combination of interviewing 

and observation of the physical and digital collections of scholars with the use of specific 

theoretical frameworks for analysing users’ information behaviour can bring fruitful results. 

Regarding the sceptical stance many researchers in the field keep towards new technologies, 

potential suggestions can include the development of collaborations between art history 

departments and digital humanities centres, the provision of institutional support and training 

on the use of new technologies for research and, most importantly, the inclusion of both 

senior and junior members in art history when taking decisions concerning the future of the 

discipline.        
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Abstract— Most museum exhibitions favor vision, not hearing. 

When there is audio in exhibitions it tends to take on a secondary 

role as soundtrack or commentary. In some cases however audio 

is the primary object of interest. Radio heritage is such a case. 

The traditional way of showcasing audio is through web 

accessible archives or through listening kiosks in the exhibition. 

Neither one takes advantage of the unique affordances of the 

physicality of an exhibition. Instead they most often rely on users 

clicking through menus, playlists and folders. We therefore 

propose an alternative way of exhibiting radio heritage where 

users move around and explore the physical room. 

We implemented a simple low-cost prototype system called 

Exaudimus that uses webcams to track visitors in a gallery. Using 

Exaudimus we position audio around the gallery allowing users 

to search for the audio streams using their own bodies as a 

metaphorical radio tuning dial. 

We tested the concept in a public exhibition at the Media 

Museum in Denmark. A small qualitative user study conducted 

in the exhibition shows promise for this type of immersive 

experience. The users however tend to perceive it as a unique and 

finite experience, not motivating them to further explore radio 

heritage on their own afterwards. 

 

Keywords— Audio positioning, Exhibition design, Mixed Reality, 

Radio Heritage, Visitor studies 

 

 

I.   INTRODUCTION 

The Web is a wonderful library, but a library 

nonetheless. On the other hand the new networked 

media – part instructional and part entertainment – 

are not archival but immersive. The image to hold in 

mind is an amusement park, full of experiences and 

information coming at you in many forms, some 

scripted some serendipitous [italics in original] [1]. 

 

The advance in digital technologies has resulted in processes of 

digitization whereby radio heritage is becoming increasingly more 

accessible online. This is the case with the LARM Audio Research 

Archive (www.LARM.fm) where e.g. analogue source material from 

the production archives of the Danish Broadcasting Corporation (DR) 

is remediated in digital form and then repurposed as cultural 

heritage. The terms of remediation and repurposing, developed by 

Bolter and Grusin, [2] was introduced to the study of Cultural 

Memory by Erll and Rigney [3] and we apply them here to highlight 

both the transformation of the form of the archival material and the 

alteration of its meaning and purpose. From existing in the 

production archive only as a repository for reruns the archive material 

is suddenly defined as cultural heritage and incorporated in a 



historical archive. Initially LARM.fm is only accessible to 

researchers, but if the archive becomes accessible to the general 

public, the audio artefacts could be further repurposed as a resource 

for e.g. remixing and education. 

 

The web-accessed digital archive as a form is effective in giving 

access to huge amounts of material.  

But to navigate freely and choose between thousands or millions of 

digital artefacts, can be an overwhelming experience for the 

layperson. Thus the design of an inviting interface with curatorial 

elements (e.g. collection high-lights or themed selections) to the 

archive becomes important if we want to engage the general public. 

Towards the end of the 90s in the heady days of unbridled Internet 

optimism Wired magazine announced the imminent death of the 

browser to be replaced by a form of immersive media as stated in the 

opening quote [1]. Here we are, 16 years later, still using browsers to 

access digital archives, but a lot has changed: With e.g. current social 

media and games the web has become a place to be rather than a 

library to use. This corresponds with Wired Magazine’s vision of a 

transformation from the pull logic of the archive to the push logic of 

more salient and serendipitous experiences. Instead of users just 

pulling information from the web, the web also pulls information 

from the users and from these information pushes both commercial 

and non-commercial content back on the users. This has evolved to 

the point where privacy and choice is potentially threatened, and 

today Wired Magazine predicts that 2013 will be the year where 

frictionless sharing is waning and “we start to get our intellectual 

privacy back” [4]. Ironically Wired (still) predicts that serendipity 

will be one of the trends of 2013. According to Wired [5], 

“technology is embracing the unexpected to recapture the art of 

surprise”, predicting the reincarnation of the “cyberflaneur” as a user 

seeking discovery of new, surprising things through structured 

serendipity.   

 

Our goal here is to explore a new serendipitous way of making radio 

heritage accessible to the public, where users neither feel that they 

have to pull audio artefacts from vast library-like archives nor that 

they have no control over what is pushed upon them. We want people 

to explore and experience instead of taking the role of a busy 

librarian or a passive recipient of a broadcast. 

Museums have traditionally showcased audio artefacts through web 

accessible archives or through listening kiosks in the exhibition. 

Neither one takes advantage of the unique opportunities of the 

physicality of an exhibition. Instead they most often rely on users 

clicking through menus, playlists and folders. We therefore propose 

an alternative way of exhibiting and interfacing radio heritage where 

users move around and explore the physical exhibition space. 

We hypothesize that a mixed reality exhibition has the potential of 

creating immersive experiences and enable engagement with radio 

heritage for people who would never seek out this kind of material in 

a digital archive. Once established, engagement might form the basis 

for reflection, inspiration for further engagement and learning. 

 We added an explorative location based layer of sound to the 

physical exhibition using a mixed reality approach [6], orienting the 

exhibition towards the analogy of “an amusement park, full of 

experiences and information coming at you in many forms, some 

scripted some serendipitous” [1]. 

In his analyses of libraries as information spaces Björneborn has 

developed a holistic approach integrating the multimodal affordances 

of the physical, digital and social interfaces encountered by the users, 

which we find adequate for conceptualizing an immersive 

information space. However, in a mixed reality environment the 



boundaries between the different information interfaces can become 

blurred and difficult to separate analytically. 

In this article we present the implementation of an augmented reality 

audio system we call Exaudimus (Exhibiting Audio in Museums. 

Literal: ‘We are listening’ in Latin) as a platform for disseminating 

radio heritage, that is neither archive, listening kiosk nor simple 

broadcast. The system was implemented in a listening exhibition at 

the Media Museum from October 2012 to January 2013.1  

We present selected findings from a small scale visitor study 

conducted in the exhibition concerning the occurrences of serendipity 

and the affordance of reflection and inspiration for further 

exploration of radio heritage e.g. in digital archives such as 

LARM.fm.  

 

The rest of the article is structured as follows: First we give an 

account of the conceptual frame for the listening exhibition and the 

objectives it demanded of the Exaudimus system. This is followed by 

a section on Design where we expound on the technological solution 

for Exaudimus. Before presenting our findings we have a short 

section on our Method of evaluation. Then we present and analyze 

findings from our visitor study regarding engagement, serendipity, 

reflection and inspiration respectively. We end the findings section of 

the article with a part on Cultural Constrains. Finally, before the 

conclusion, there is a Discussion where the findings are put in 

relation to broader themes and the perspectives resulting from the 

study will be elaborated. 

 

II.   CONCEPT OF THE LISTENING EXHIBITION 

In exhibitions of cultural heritage sound is seldom treated as artefacts 

but as a secondary add-on such as an audioguide providing a 

                                                           
1 You are, what you hear, at the Media Museum, Odense, 

Denmark. See http://tinyurl.com/what-you-hear 

narrative commentary or a soundscape providing atmosphere [9]. But 

in this listening exhibition we wanted to foreground the status of 

radio sounds as artefacts of cultural heritage that they have received 

upon being incorporated in the LARM archive. According to cultural 

memory researcher Jan Assmann: 

Cultural memory exists in two modes: first in the 

mode of potentiality of the archive whose 

accumulated texts, images and rules of conduct act as 

a total horizon, and second in the mode of actuality, 

whereby each contemporary  context puts the 

objectivized meaning into its own perspective, giving 

it its own relevance [8, p. 130]. 

In keeping with this distinction we view the digital archive as the 

potential of radio heritage, which we actualize by presenting a 

curated selection of artefacts from the archive in the context of a 

museum exhibition. For fellow researcher of cultural memory  Aleida 

Assmann the museum exhibition is an institution of active memory 

that articulates the past as present by displaying artefacts from the 

archive thereby canonizing these artefacts in relation to the remaining 

artefacts in the archive [9, pp. 98-100]. We will return to this point in 

the discussion section of the article. 

 

The intended objectives we had with the listening exhibition can be 

summarized in the following statements: 

1) We intended to create engagement with radio heritage 

(especially for people who would not seek this material out 

in a digital archive). 

2) We intended the audio artefacts to be primary in the 

exhibition. 

3) We intended to make visitors more aware of radio as their 

heritage. 



4) We intended to make the visitors reflect on the 

interdependency of radio content and listening situation. 

5) We intended to inspire further engagement with radio 

heritage (e.g. in digital archives such as LARM.fm). 

Even though manual fine-tuning is no longer a necessity when 

listening to digital radio, we consider the process of “tuning in” to be 

one of the defining features of radio as a medium. We therefore chose 

“tuning in” as the conceptual metaphor for this exhibition on radio 

heritage.  

Exaudimus should enable the visitors to use their body as a tuning 

dial, tuning in to radio artefacts by moving about the exhibition 

space. Conceptually the radio programs were thus “located” in the 

exhibition, forming a mixed reality together with physical objects in 

the room acting as props. 

 

The theme of the exhibition was the interdependence between radio 

content and the listening situation (e.g. we listen to traffic radio while 

in the car). Due to a rather small gallery space of 90 m² the exhibition 

was confined to seven different listening situations. Each listening 

situation consisted of four elements: An audio artefact, an 

interpretative text label, a few props and finally an activity. The 

activity element, where the visitor enacts the situation while listening 

simultaneously, was a strategy to strengthen the connection between 

the physical-material and the historical-immaterial dimensions of the 

exhibition. We hypothesized that the visitor through their bodily 

performance would be more absorbed in the situation and therefore 

listen differently and perhaps reflect more on the relationship 

between audio artefact and situation. 

 

The following table gives an overview of the seven listening 

situations we tried to present in the exhibition. Due to copyright law 

each audio artefact was confined to a length of two minutes and was 

playing in a continuous loop. Even without this constraint we believe 

that duration of a couple of minutes for each audio artefact to be the 

maximum demand on attention we can expect from visitors in 

general. 

 

 

Overview of sound spots in the exhibition: 

Listening situation Audio Artefact Props Activity 

Morning gymnastics Captain Jespersen, 1952 (Exercise show) Living room carpet. Broomstick Gymnastics with broomstick 

Evening entertainment The Hansen Family, 1940-50s 

(Radio drama Series) 

Two easy Chairs. Two pairs of 

slippers 

Relaxed listening 

In the car Denmark’s Car Radio, 1962 

(Traffic radio) 

Car seat. Steering Wheel “Driving” 

Sunday Evening – 

home alone 

The Electrical Barometer, 1995 (Youth 

show) 

Bed with teenage girl-style 

bedding. 

Bedside table with candles. 

Lying in bed 

On the bike Third Ear, 2009 

(Art montage podcast) 

Bicycle mounted on “rollers” Biking 

Journeyman early at 

work 

The Morning Shepherds, 2006 

(Morning show) 

Stepladder. Transistor radio. Paint 

roller 

“Dry-painting” a wall 

Listening to the BBC 

during the curfew 

The Sabotage Bombing of the Always 

Factory, 1945 (Documentary) 

Old radio set. Light bulb Listening in the darkness 

 

 

 



III.   DESIGN OF EXAUDIMUS 

In a nutshell the system had to deliver location based audio to 

individual users. There are many ways of achieving this, including 

the use of hypersonic sound systems, listening kiosks, mobile devices 

and more. However, there were some constraints related to the 

system: 

 It had to be relatively inexpensive 

 It had to be flexible with regards to the location and size of 

the audio hotspots 

 It should be able to provide fluid transitions between radio 

static and the radio artefacts 

 To some extent it had to exclude other sounds (from the 

room, from other hotspots etc.) 

Exaudimus is based on ceiling-mounted webcams tracking the 

visitors who then receive audio in a wireless headset based on their 

positions relative to predefined sound spots. The video tracking and 

audio generation is handled by the Exaudimus program. 

In our setup the system consisted of: Three USB 2.0 consumer 

webcams, an eight channel audio interface, four wireless consumer 

headsets and an office PC running custom software made with 

Max/MSP and Jitter. 

During development we experimented with different methods for 

video tracking of individual users, including shape based detection of 

polygons and detection of fiducial markers such as QR codes and 

amoeba tags2. Our idea was to simply put a unique visual marker on 

top of each wireless headset. 

Since we used inexpensive USB 2.0 consumer webcams it was 

difficult to obtain high frame rates, which resulted in video blurriness 

during movement. So for a shape based tracking to work in our setup, 

the markers would have to be the size of a pizza box. Furthermore the 

                                                           
2 We got inspiration for some of the tests from the Blockwerk 

Orchestra project, used in the Long Gallery at Nottingham Castle: 

http://www.visualdisplayunit.org/blockwerk-orchestra/ 

users would have to not look too much up or down for the ceiling 

mounted cameras to pick up the marker. We therefore settled on a 

colour based tracking method instead. 

One problem of colour based tracking is of course that users are able 

to bring clothing or objects of the target colour into the exhibition, 

thereby introducing a false positive. Another problem is that the 

lighting conditions have to be relatively stable for the colours to be 

recognized. 

We therefore designed a LED-based solution, where we placed a 

small battery pack with a differently coloured LED on top of each 

wireless headset. The battery pack was attached with Velcro for 

quick removal and replacement. For the cameras to easily pick up the 

different coloured dots we placed the LEDs inside a ping pong ball, 

emulating a soft light bulb. This made the dot larger and more evenly 

coloured. Furthermore we placed a small piece of sun control 

window film on each webcam. The dark window film blocked out 

almost everything except the coloured LED dots. 

In order to enhance the visibility of the LEDs we decided to keep the 

exhibition space as dark as possible thus establishing a high contrast 

between darkness and light. Therefore we used only a minimum of 

spotlights to highlight the props of the listening situations and sealed 

off the exhibition space to daylight from the outside by covering the 

entrance with a black curtain. 

Using the webcams the system is able to distinguish between four 

coloured headsets: Green, blue, red and yellow. Red and yellow are 

the least distinguishable colours, since a toned down yellow becomes 

reddish. This is most evident when the batteries run low. To ensure a 

relatively even colour throughout the battery lifetime we changed 

from alkaline batteries to lithium batteries. The flatter voltage curve 

of lithium batteries resulted in a much more even colour. 

Still, the colour tracking system is rather vulnerable to other changes 

in lighting conditions such as window shutters being opened or lamps 

http://www.visualdisplayunit.org/blockwerk-orchestra/


being turned on. In our setup we had to monitor an L-shaped 

exhibition gallery, so we ended up with three cameras. The colour 

recognition for each colour has to be calibrated for each camera 

individually, so we aimed at not changing the lighting too often. 

Using simple trigonometry the software constantly determines each 

user’s position relative to the audio hotspots. If a user is not close to 

any audio hotspot, the system simply sends radio static to that 

particular headset. When a user is approaching a hotspot, the static 

gradually disappears as the user is “tuning in” on the radio signal, and 

when the user reaches the hotspot itself, the signal is pure with no 

static at all. The sizes of the individual hotspots and the zones around 

hotspots, where static and signal are cross faded, are defined in the 

software, and in our case the hotspot itself was roughly one meter 

diagonally. During development we found that a linear transition 

from static to signal did not sound very well. So we ended up with 

designing the growth of the signal as an exponential function. 

The sound is delivered through a closed wireless headset. Most 

wireless consumer headsets use a carrier frequency of 2.4 GHz, 

which is the same as many other wireless consumer units including 

routers, phones, Bluetooth units and even microwave ovens. This 

may of course cause interference, and we did experience random 

connectivity problems between the headsets and the headset 

transmitters. In the museum building, as in many other museum 

buildings today, there are numerous units operating within the 2.4 

GHz range, so this might become a problem. 

Mark Weiser, who is widely regarded as the father of ubiquitous 

computing, begins his most cited article stating that “the most 

profound technologies are those that disappear” [13]. This thought is 

related to the notion of seamless design, meaning that designers 

should aim to integrate technology smoothly into the world and that 

technology should disappear into the background. Obviously this is 

more or less what we have tried in the listening exhibition. On a 

closer look, however, there is more to it. 

Whenever technology fails it simply cannot be invisible. Instead it 

calls for attention. With a low-cost prototype system like Exaudimus 

things are not always smooth. The tracking is sometimes a bit off 

because of calibration and lighting issues, and sometimes the wireless 

consumer headsets lose connection briefly. Because the exhibition 

and Exaudimus was built around a radio metaphor we were able to 

simply send static noise to any headset lost by Exaudimus’ tracking 

module. It turned out that most users did not notice the occasional 

audio problems: A brief loss of signal or some unexpected static 

simply became part of the experience. 

 

IV.   METHOD OF EVALUATION 

In order to evaluate how visitors perceived the listening exhibition 

and if we had achieved our intended objectives we conducted a small 

scale visitor study. The study consisted of 12 participant observations 

followed by an exit interview. The informants were sampled to obtain 

roughly equal representation of both sexes and some age diversity. 

We ended up with seven female and five male informants between 

the ages of 15-64. Eight of the informants were below 30. In a Danish 

context young adults are known to be less interested in cultural 

history and are the most difficult age group to attract for museums 

[9]. So this particular group is especially important in relation to new 

ways of engaging with cultural heritage.  The interviews were 

structured and consisted of 17 open-ended questions. The authors 

designed the research questions and structure in cooperation with a 

private usability lab (SnitkerGroup), who then conducted the 

observation, interviews and transcription. 

The transcribed data has been through consecutive processes of 

coding with regard to the occurrences of serendipity, reflection and 

inspiration. For the sake of anonymity the informants have been 

given pseudonyms. 



V.   FINDINGS 

Engagement and experience 

In order to foreground the audio artefacts (objective 2) we wanted to 

transform the traditionally visually oriented exhibition space into an 

auditorium (Latin: Listening Space). Therefore we tried to minimize 

the visual stimuli of the exhibition. We used only a few props for 

each listening situation instead of creating entire interiors. We kept 

most of the contextual and interpretative information in a catalogue, 

which the visitor could take with them afterwards to study at their 

leisure. This reduced the necessity of reading in the exhibition. 

However, we decided to keep labels for the audio artefacts as these 

are a museological convention signifying “artefact” within an 

exhibition context [9]. 

For most informants listening in an exhibition was a welcome change 

from the traditional visual museum experience. It seems that we 

succeeded in foregrounding the audio artefacts. According to David:   

It was like entering a gallery, but every picture that 

you looked at was a sound clip! And I have not 

experienced that before! (David, 41) 

However, some informants did not perceive the furniture in the 

exhibition as simply props. They perceived them as museum objects 

and therefore did not use them as intended (see the part on cultural 

constrains below). So physical objects placed in an exhibition still 

retain a certain aura for some visitors despite the foregrounding of 

sound. 

 

Many of our informants reported the experience of immersion in the 

listening exhibition. As expressed generally by Karl: 

It is a fun way in which you move around – and 

suddenly you are in another world. (Karl, 26) 

It is different aspects of the exhibition that enables the experience of 

immersion for different visitors. But for most the physical props are 

important to the experience. For others it was the activity. However, 

the embodied performance does not seem to have the central 

importance for immersive experiences that we anticipated. This could 

be due to the cultural constrains we discuss below. 

 

Serendipity 

As can be seen from the exhibition objectives the intended outcome 

of the exhibition was not declarative knowledge in the acquisition of 

facts about radio heritage, but instead engagement, reflection and 

inspiration. According to the well-known visitor studies researcher 

Stephen Bitgood learning associated with immersion is experience-

driven rather than information-driven [11, p. 131]. Thus we expected 

the learning outcome for an immersive exhibition like this to include 

experiencing situations, feelings and memories, rather than facts. 

The exhibition contained a limited amount of information and it was 

organised in an obvious way around seven clusters of props each with 

an associated audio artefact. So there was no possibility of 

encountering other kinds of information in the exhibition space. Thus 

we expected the occurrence of serendipity (defined as the occurrence 

of unexpected discoveries [7, p. 49]) to be in the triggering of 

memories in the visitors related to listening. This was also the case 

with most visitors, who was able to identify in some way or other 

with at least one of the audio artefacts. In particular one visitor Lisa 

had a strong serendipitous experience. The realisation that she had 

heard this radio segment before made her connect it to another 

memory of being in a similar situation: 

When I stood and “painted”, I had to stop because I 

remembered this. I have heard this on the radio 

before. And now I had to listen carefully. […] Thus it 

made me laugh! I thought the part with Robbie 

Williams was brilliant. It is so funny because it made 

me think of a Rugsted & Kreutzfeld concert […] And 



do you know the feeling that an actor or performer is 

looking right at you? [paraphrasing the audio artefact] 

I felt as if he looked only at me, when he sang […] 

[laughing loudly].  

(Lisa, 50) 

A segment of mundane morning flow radio that Lisa had not paid 

particular attention to (which is a main point of this kind of radio 

show) suddenly took on a more profound meaning when it triggered 

another personal memory for her. 

Another type of serendipitous experiences that we did not expect is 

related to the form of the listening exhibition. The Media Museum is 

situated in a building also containing an art gallery and a museum of 

photography, so the visitors expected visual experiences and was 

pleasantly surprised when they should listen instead. As expressed by 

Erica: 

When I went behind the curtain [i.e. entering the 

exhibition] it was with a certain sense of wonder, I 

thought, what is this? So exciting. It was really 

exciting! It was fun that you were, like, active. I do 

not often visit museums and such, but when I do you 

are usually just supposed to take it in, through the 

eyes. So, yes. It was a good experience. (Erica, 41) 

 

Reflection 

We consider objective 1) and 2) as necessary conditions for realising 

objectives 3), 4) and 5). Once we have established an engaging 

encounter between visitor and radio heritage we might expect a 

deeper involvement with the material through reflection and 

inspiration. 

Regarding visitor reflection on objective 4), the relation between 

what you listen to on the radio and the situation you are in while 

listening (which was the main theme of the exhibition) half of the 

informants answered in the affirmative. When we further asked if 

they believed they would reflect on it while they listen to the radio in 

the future only a minority indicated that they would. It seems that we 

were able to convey the abstract exhibition theme to some visitors 

and make them reflect upon it. However, potential further reflection 

on the theme after the exhibition experience is limited. 

There are different aspects to the relation between radio content and 

listening situation. One has to do with the “background nature” of 

radio as a medium. Several of our informants stated that a defining 

feature of listening to radio is that you are able to do other activities 

while listening. This was also explicit in the exhibition design, where 

you were supposed to engage in an activity while listening to the 

audio artefact. Thus the radio content is often of a lighter nature, 

which does not require your full listening attention in order to keep 

up. Another more subtle aspect is that the rhythm and pace of the 

radio content changes throughout the day. Still the exhibition was 

able to generate reflection on this more subtle point. 

[…] it is of course because you are doing the same 

activities at the times, when the shows are broadcast. 

Actually I think about how what they broadcast in the 

morning, is no good broadcasting it at night.  There is 

not the same rhythm in it. (Jenny, 25)  

 

When asked if the exhibition has influenced their awareness of radio 

heritage (objective 3)  most informants replied that the exhibition has 

raised their awareness. If the informant expressed any prior 

awareness of radio heritage then it is just a matter of conforming or 

corroborating already held beliefs. However, the interesting aspect is 

those couple of informants that had no prior awareness of radio as 

heritage. Here the listening exhibition was able to widen their cultural 

horizon to include radio as heritage. As Benjamin puts it: 



Well, it has made me think. I have never regarded 

radio as heritage or something important to me, 

something you should cherish. Because I have 

never listened much to radio. But it was exciting 

to put it in perspective. (Benjamin, 21) 

 

Inspiration 

The final objective 5) is concerned with the impact of the exhibition 

and if the listening exhibition could function as an “appetizer” for 

further engaging with radio heritage. When asked if the exhibition 

has inspired them to find and listen to more historic radio heritage 

material only three informants answered in the affirmative. Two of 

these expressed a prior interest in radio heritage before experiencing 

the exhibition. So a positive engaging experience with radio heritage 

does not automatically inspire further engagement with radio 

heritage. As Alexander states: 

I would probably not seek it [i.e. radio heritage] out, 

but I think it [i.e. the exhibition] has opened my eyes 

– and ears – for its value, what I would recognize 

myself, not just war, but also contemporary stuff. In 

that way you sort of put it in perspective. (Alexander, 

27) 

However, the favourable attitudes of the informants to the listening 

exhibition as a whole shows the potential for future exhibitions of 

radio heritage. So the listening exhibition as an interface with radio 

heritage was successful in itself, but it was not able to inspire people 

to further engage with a digital archive. 

Some visitors stated that they would not know where to find more 

radio heritage. This could have been made more explicit in the 

exhibition. We produced a catalogue from which the visitor could 

access different kinds of online material related to the exhibition via 

QR-codes. But observations showed that despite being free and 

prominently displayed by the entrance to the exhibition almost no 

visitors noticed the catalogue and thus did not get this opportunity. 

 

Confusion and Cultural Constrains 

As already mentioned we thought the conceptual metaphor of the 

tuning dial was aptly chosen, especially because it enabled us to 

conceal any signal loss with static noise. But this metaphor was 

neither obvious nor apparent to the visitors. No informants reported 

that they ‘got it’ and acted accordingly by fine-tuning with their 

body. Conversely the static noise created confusion in some visitors. 

Some associated static noise with technical failure thus assuming the 

headset was broken. The headset was in fact functioning fine and 

they should just locate the sound spots to get a clear signal, but it did 

not occur to them, because they did not understand the conceptual 

metaphor. Our youngest informant Heidi did not associate static with 

radio at all: 

It doesn´t seem like radio, when you listen to radio 

today, it does not seem like that at all. The way they 

talked, and I should concentrate on hearing what they 

said in some places because there was so much noise 

in the background. (Heidi, 15) 

An experience like Heidi’s can go two ways: Either she will 

just reject the experience as being odd. Otherwise she will 

(e.g. through conversation with her parents) realize that she 

actually discovered something profound. Then she can turn it 

into a serendipitous experience resulting in a deeper 

understanding of “the way people talked” and “noise in the 

background”. 

We intended the visitors to engage with the props in the exhibition, 

e.g. to sit on the bicycle or lie down on the bed. But this intention 

collided with a common visitor expectation: You are not allowed to 

touch objects in a museum. This is an example of what the well-



known design researcher Donald Norman terms ‘cultural constraints’. 

The cultural conventions of the museum institution (do not touch!) 

take precedence over the obvious affordances of the props (e.g., a 

chair affords sitting) [12, p. 8].  

I have never tried something like this! [Laughing] 

And I am not sure if I did it right! I don’t know if you 

were supposed to be part of…? So, I think I held 

myself back […] You were probably supposed to lie 

down on the bed, but I found it was so transgressive 

to use things in a museum. [Emphasis in interview] 

(Gudrun, 22) 

Many of the visitors who reported difficulties with getting a clear 

signal in the exhibition thus experienced the consequence of the 

cultural constraint they abided: They never placed themselves in the 

hotspot. In the design of Exaudimus we even decided to use some 

gentle ‘nudging’ as a way to get the visitors to engage with the props 

and not just stand looking at the labels. Therefore we made the 

spheres of the hotspots rather small and we placed them in exactly 

such a way that you had to sit on the chairs, lay on the bed etc. to get 

a clear signal. Unfortunately visitors who did not discover that they 

were both allowed and expected to touch the objects in this exhibition 

ended up having an impaired experience.  

The cultural constraint ‘do not touch!’ was so deeply engrained in 

some visitors that despite noticing the direct invitation on the labels 

to engage with the props they still had doubts about touching them: 

I was not sure if I was allowed to sit on the bike […] I 

was also in doubt about the paint roller, but then I just 

did it, because it said so clearly on it [i.e. the text 

label]: Grab the paint roller. Still I was not entirely 

sure if it was ok. (Lisa, 50) 

On a positive note Lisa did grab the paint roller, but we were 

surprised at learning just how hesitant some of the users 

were. 

 

VI.   DISCUSSION 

This point back to Weiser who in his later years refined his ideas 

about ubiquitous computing and began advocating seamful systems 

(as opposed to seamless systems). UbiComp researchers Chalmers 

and MacColl paraphrases some of Weisers talks where he suggested 

that “making things seamless amounts to making everything the 

same” [14]. The idea behind seamfulness is to not try to hide away 

the seams between technology and the surroundings but instead make 

the seams beautiful in order to show the unique qualities of a system. 

When technology shows itself in a beautiful, interesting or even fun 

way, users are able to appropriate the technology and engage with it. 

In a radio sound experience, noise and brief losses of signal almost 

automatically becomes part of the experience. In other types of 

listening experiences such problems might thwart the immersion. So 

it needs to be considered during design.  

In the Exaudimus implementation we had to make a simple headset 

with a light in top. We were afraid that users would find it goofy 

looking, but in fact this turned out to be a fun way of connecting with 

technology. Many visitors commented on the weird headsets, and as 

our informant Erica states:  

First of all I got to wear those funny hearing pieces, 

where initially I thought: No it cannot be right. We 

didn’t really dare to pick them up, my son and I. We 

thought: It’s a practical joke and someone will laugh 

at us, right? Ha, ha… (Erica, 41) 

So even though (or because) the headsets were obviously a 

technological prototype users found them novel and fun. The 



headsets were at the same time a toy to play around with and a device 

to just wear and forget. In that sense they made a good seam. 

In future listening exhibitions we aim to make the seams between 

technology and the surroundings even more beautiful, interesting or 

fun. Low-cost prototype systems like Exaudimus will rarely work 

perfectly smooth all the time, but that does not have to be a problem. 

The solution is not to try and make a completely failsafe system. The 

solution is to try and make technology – including the occasional 

problems – part of the experience.  

 

In a similar vein we also want to explore more creative connections 

between sound and props. In the listening situations for this 

exhibition the relation between artefact and props was 

straightforward. However, we can imagine a more creative relation 

between them, where instead of supporting each other they act as 

counterpoint e.g. listing to reports of casualties from a warzone while 

being on a children’s merry go-around. 

 

As pointed out by Aleida Assmann the curation and presentation of 

artefacts in an exhibition constitute a canonization of these artefacts. 

It could be argued that by remediating and foregrounding segments of 

mundane radio shows in this way they receive an undue status and 

attention that they do not warrant as they was intended to function as 

background entertainment e.g. while eating breakfast. According to 

the hierarchy of cultural artefacts coined by historian James Clifford 

only one of our audio artefacts could be characterized as a unique 

masterpiece of radio heritage, namely the clip with a live recording of 

a sabotage action during the German occupation of Denmark in 1945. 

The remaining audio artefacts are exemplars of the mundane mass-

produced category [16, p. 224]. The mundane artefacts are no less 

important as they show the everydayness and background character 

of a majority of radio heritage. But the artefacts seem to have less 

emotional appeal unless the visitor has a personal connection to them. 

As pointed out by Lisa, who even experienced a strong connection 

with one artefact, she had heard before: 

I find that the clips are perhaps not good enough. 

There was nothing special to them, which made them 

super exciting or caught my attention other than the 

one with Robbie Williams [because she had heard it 

before]. (Lisa, 50) 

It would be worth exploring if a differently curated listening 

exhibition with audio artefacts of a more unique kind could elicit a 

stronger emotional response from the visitors. 

 

We mentioned the constraint of copyright law above. Thus we were 

unable to use the entire radio shows as artefacts and instead selected 

two-minute segments as metonyms for the shows. In this way the 

listening exhibition is separated from the LARM archive. However, 

one could imagine a situation with no copyright constrains, where the 

listening exhibition could be a proper interface to the archive with 

direct links to the archived material. Such tangible interfacing of 

digital cultural heritage is also the purpose of the project meSch: 

Material Encounters with digital Cultural Heritage funded by the EU 

and running until 2017.3 When designing mixed-reality interfaces for 

digital archives of cultural heritage we can take inspiration from the 

factors enabling serendipitous findings in a library context identified 

by Björneborn [14] as we will need similar strategies for showcasing 

archived material. 

 

VII.   CONCLUSION 

Based on the results of our visitor study we believe that the listening 

exhibition is a viable concept that can enable engagement with radio 

heritage for people that would not search for this material by 

                                                           
3 www.mesch-project-eu 



themselves. However, the listening exhibition did not function as an 

“appetizer” for the LARM.fm digital archive as it did not inspire the 

visitors to further explore radio heritage on their own. This might 

become possible if there is a direct link between exhibition and 

archive as discussed above. 

 

The acquisition of declarative knowledge was not the objective of 

this listening exhibition. It enabled reflection on an abstract theme – 

the relation between radio content and listening exhibition – and 

made visitors not previously aware of the notion of radio as cultural 

heritage. But given that all informants consistently read the labels in 

the exhibition there might be a potential for the acquisition of 

declarative knowledge, when the artefacts are invisible sounds. This 

remains to be tested in a visitor study more focused on learning. 

 

The challenges of designing novel immersive ways of disseminating 

cultural heritage in a museological context was also seen in this 

study, as the expectations of the visitors to the museum experience, 

some of which are deeply engrained, can run counter to the intentions 

of designers and curators. Some visitors will need to learn a new set 

of ‘exhibition competencies’, e.g., you are expected to touch and 

engage with the objects, if they shall profit in full from the immersive 

experiences of more engaging exhibitions. 
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1. Introduction: The Gunnerus library is the oldest scientific library of Norway, an institution established in 

1768 by the Royal Norwegian Society of Science in Trondheim. Its cultural heritage collections are rich in 

valuable manuscripts, Libri Rari, various official records, private archive, photos, maps or printed material 

published in Europe from the time of Gutenberg until today. Old books and manuscripts represent significant 

cultural heritage remains of our times with a continuous impact on societies as physical objects designed to meet 

the very different needs of society in accessing knowledge. Books are also seen as artifacts of cultural heritage 

linked to their urban and human environment as well as civil society institutions and communities. Norwegian 

museums and archives have a long tradition in adapting new technological methods in disseminating the content 

of their collections for and with their users.  Mubil was established as a collaborative project between the NTNU 

University Library and the Percro laboratory of Scuola Superiore de Santa Ann at Pisa in 2011. Mubil intends to 

explore novel technologies as a means to disseminate heritage collections. As an interdisciplinary cooperation it 

is positioned at the intersection between archive studies, museum studies and software engineering.  

The project communicates with new groups of users and explores  design models for activities that can support 

learning adapted to Norwegian school programs. The aim in our view is to reinforce public interest by creating 

dynamic linkages between old collections and new technology, communication platforms, exhibition layouts and 

educational programs. That is to use technological applications to reinterpret cultural collections and reinforce 

knowledge production. 

 

 

 

2. Research frame: Memory institutions are seen by many scholars  (Falk, 2009) as social arenas where visitors 

interact with the collections, the information presented and with each other. Goffman (1959) pointed out early on 

that identity is a sense of self-realization in a social context that is built through interaction with others, as in the 

case of a visit to a museum. Some scholars also point out that communication between an object and the visitor 

does not stop with the display or the label information given at an  exhibition; it continues in the mind and the 

imagination of the visitor that has seen it and experienced it (George E Hein, 2006). It becomes then part of the 

visitor’s agenda. Falk introduced a visitor’s museum-experience model in 1992, and visualized the process 

through which an individual proceeds in perceiving information while visiting a museum but did not include the 

virtual and immersive perspective of such an experience. Museums and archives in the 21st century have become 

virtual destinations because of the increased use of emerging technology (Y., 2008). Historic archives though 

need to adjust to new methods in presenting their material to younger audiences and allow them to interact with 

their heritage material in a way that does not damage the objects but allows knowledge appropriation. The 

Norwegian state has lately encouraged and financed studies of new models for supporting ICT and learning, 

while universities also see it as a priority to promote this kind of research (Krumsvik 2011). The fact that today`s 

Norwegian school system has introduced regular field trips to museums allows children to explore the limits of 

http://www.ntnu.no/ub/omubit/bibliotekene/gunnerus/mubil
http://www.ntnu.no/ub/omubit/bibliotekene/gunnerus/mubil


their own understanding. Another issue to consider here is introduction of digital competency in the Norwegian 

National Curriculum School Reform as a part of the general plan of large -scale implementation of ICT in 

Norwegian classrooms (Krumsvik, 2011). Research on visiting historical archives as a space for participatory 

interaction is a new research area yet to be explored. Mubil explores a new path of dissemination strategies for 

such institutions by adapting novel technological tools (Carrozzino et al., 2013) and borrows design strategies 

from the sector of the museum education. In our virtual lab, the user is invited to participate in a s ituated learning 

workshop, supplemented by a virtual lab where he interacts through social conduct with the objects virtually 

rendered. The observation field of research is the learning process of young students in an informal learning 

situation. Under the light of participatory interaction we look into interaction between the visitor and an 

environment that contains both the physical exhibition and an immersive experience environment. The method 

of video recording (Goldman, 2007) has been used to collect interaction data on how young students behave and 

think while performing tasks in group-work. We are trying to explore the factors that affect their learning 

process in such an environment. We believe that this is a new fertile research ground and has provided funding 

to our project by NTNU University, the National Library of Oslo and the University of Santa Anna in Pisa. It 

also coincides with a slight turn in museum-archive policies in Norway today towards the use of technology to 

support learning.  

 

 

3. Methodological approach 

Our study considers learning as a process of sociocultural character defined as, a system of participatory 

competencies and activities ((Leinhardt & Knutson, 2004). This is an area of growing interest for museum 

studies and is exploited by museum professionals to market their collections and attract new users. The 

traditional idea of the museum being the educator and the visitor the student  (George E. Hein, 1998) is being 

modified by a post- modern approach, considering that knowledge of the past can become investigated through 

the visitor’s experience and on the visitor’s premises rather than that of a powerful truth imposed by a public 

institution and its experts. Understanding how learning occurs in a virtual interaction and try to measure the 

effect the virtual application and ICT technologies have on learning is a demanding task for researchers 

(Roussou, 2004). The quest on what are “the weaknesses and strengths of a virtual heritage environment‘s  ability 

to provide a cultural learning experience” needs further investigation  (Champion 2011:177). Several studies 

seem to introduce various  usability tests, to evaluate the learning outcome, based on visitor experience. The 

result is often not of a universal value as it is closely connected to the particular case (Champion, 2011) 

and(Carbonell, 2012) . A few studies have looked into the role of social conduct in mixed reality environments 

and the role of collaborative production of meaning in a space of technological innovation in museums (Galani, 

2003),(vom Lehn, Heath, & Hindmarsh, 2002). Others have been trying to establish evaluation methodologies of 

the design architecture looking at collaborative skills in educational virtual environments as second life where 

3D technology is applied as well (Bouras & Tsiatsos, 2006). 

Social Sciences, Religion and Museum studies have applied video recording or videography as a data collection 

tool that enables the researcher to look into the details of communication and action between people in a face to 

face situation, between people and objects and between people and learning environments with ICT tools as a 

means of interaction (vom Lehn et al., 2002) and (Goldman, 2007). Data collection with video gives us the 

possibility to move away from predetermined coding systems of data collection and avoid observation systems 

that rely on positivistic empirical traditions that have been difficult to follow (Goldman 2007). It can also help 

recognize patterns and analyze the techniques that school children use to engage with th e virtual objects as well 

as with each other.   

In our study we collect data recordings both through panoramic views with a camera at a tripod and detailed 

views with a second camera moving on a micro level of the sub groups working in the laboratory. In o ur analysis 

we will carry out microanalysis on the video recordings supplemented by sound recordings allows us to look into 

frames of action and interaction, looking closer into collaborative interaction, gestures views, face expressions, 

work patterns, discussions between the members of the groups while they engage in different phases of the 

experiment.  

We will apply analytic concepts to explore the role of the technologies in the social nature of learning through 

the task, the contexts, and the subject specific concepts presented for the students as they collaborate. The 

sequence of recording in three successive phases with the same group in recurrent visits will be used to finally 

adjust our design as to try and create meaningful archive experiences for the final implementation. 

 

 



 

3.1: System design, the 3D tool  

 

The tool developed and proposed by the project Mubil, transcribes digital representations of objects or texts in a 

3D environment and allows the interaction of the user within it. The 3D tool developed by Percro, our technical 

partner in Pisa supports different modules of interaction with the user as it allows textual information of books to 

be experienced in a virtual context. In addition to that it allows interaction with the user through an interface that 

enables students to interact with the text in an intuitive and 

immersive way. The students will immerse themselves in a 

3D laboratory in order to perform a certain task based on the 

knowledge they can fish out of the books and the subject 

presented in it. The first story to be presented is the History 

of Distillation by Adam Lonicer (1590) and Mubil has 

assured the cooperation and guidance of discipline specific 

expertise. Thus Lise Kvittingen, a professor of Historical 

Chemistry at NTNU, and her Master`s student Fredrik 

Motland Kirkemo, are working on a reconstruction of a 

chemical experiment on the basis of a distillation as described in the book by Adam Lonicer from 1560. The 

experiment has been filmed and documented in all its stages for Mubil and will be presented in Kirkemo`s 

masters-thesis. The distillation process reproduced by the experts here has constituted the basis of the creation of 

a 3D laboratory game and the tasks designed. The book is then presented first as a touch book, where the pages 

of the original book are presented as digital images with the drawings of the book becoming 3D object at a click. 

The users interact with the book through a series of hotspots and additional information appears when activated 

as in audio, videos and texts supplementing the content presented. The virtual lab is then connected to the 

content of the book as a more complex activity involving knowledge gathering tasks to be performed in the right 

sequence in order to perform the actual experiment as it is described in the book of Lonicer from 1590. Touch 

books can be considered as an entry level to augmented books, where features of different text layers can be 

selected by the user. 

Narrative content is also inserted to create a playful impression as animations and videos hidden in both the book 

and the lab applications for the users to discover. The Virtual Lab level puts the user in the Alchemist role 

performing a real experiment of medicinal distillation and learning about what should be done and in which 

sequence. A “wrong” or “right” mode helps the user to perform the tasks, while a helper introduces the different 

experiment notions to be explained. This application can be experienced in different levels of immersion starting 

from desktop environments up to large immersive caves. In our library we have set up a power wall where the 

students can experience the 3D applications in groups of three.  

 

3.2 Field trips of informal learning  

The study has now entered the first period of testing and the visit to the Mubil laboratory was  planned as a field 

trip for school classes prepared on the certain subject given by their teacher in advance. The field visit was seen 

as an educational activity and the participation of the students together with the products they delivered was 

assessed by the teacher and taken into account for the final grade of the subject of Chemistry. History of 

Chemistry, was included in the curriculum plan and students were supposed to study the scientific processes of 

reconstructing knowledge about the past during their visit. Students were involved first in testing a physical oven 

and then in its virtual reconstruction in a 3D laboratory and give us feedback on their experience. One particular 

group was chosen to come back during autumn 2013 and test further the developed tools of our laboratory at the 

library. 

In order to collect data on how school-children interact with 3D technology tools and investigate on what kind of 

tasks contribute to learning when 15 year old school children cooperate in an immersive enviro nment the 

students are invited to "perform" certain tasks in a workshop working alternatively in a physical laboratory 

installation first and at a virtual reconstruction of it. The workshop frame and the tasks of a game will be 

introduced for them as they start their visit. We will collect our primary data mainly by using pre- and post-tests 

video and sound recordings of the participants. 

 

The data to be collected are: 

 

1. Pre and post tests  

2. Interactive data collected by video and sound recordings while the students are visiting the laboratory.  

3. Data, on preparatory work, field notes, observations and interviews. 



4. The curriculum products, the student reports and the evaluation of the teacher. 

  

 

3.3 Data collection: Pre and post-tests  are developed together with their teacher and intend to measure the 

interest and experience of the students during and after their visit. On the day of the first visit in November 2012 

the students of the 10
th

 grade of the Stabbursmoen School in Trondheim, it was made clear to them that the 

project was “work in progress” and their contribution and evaluation at the particular stage was our main 

expectation. They were observed as they interacted with the book application first and then a focus group was 

formed to be the so-called experts to come back and evaluate the application and its running development. The 

first observations were that there was a great variety of interaction and competence on how they intera cted with 

the application but they all decided through social conduct how to proceed further. It became apparent from the 

video recordings that one was handling the mouse and the others were telling him/her what to try, how to go 

further. They discussed the procedure between them as they interacted and they evaluated the different 

functionalities of the application. They suggested many ideas on how to proceed and what to try on, what 

seemed to work and what did not function well.  

One of the teams with three boys and three girls were 

selected as our focus group and were interviewed as our 

first case-study. The students were asked to express 

themselves freely on the design of the applications, the 

animations and the functionalities and they were also asked 

to give us their opinions on the development of the 

application and the overall experience. They were all very 

positive to the experience and admitted that they learned a 

lot and that it was an interesting and intriguing way to 

explore a valuable old book that could not be touched. They 

expected more information about the 3D models and their 

functional use and the scientific purpose to be presented 

and explained further in the 3D book. They liked the idea of 

a book being augmented with 3D technology but they 

thought that the animations were not very exciting “they should be doing something” they said so that we can 

understand what they are used for! All of the observations have been discussed and taken into account by the 

Mubil team as to plan the guidelines of the direction to go. A decision was taken then that we could not compete 

with the game industry when it came to graphics and animation but we could use game design to create the 3D 

lab and invest on knowledge. The fact that we had a Chemistry student working on its master’s degree through 

the Lonicer book made the content of our lab unique. The primary data was collected through film and sound 

recordings while they attend each stage of the workshop. At the end of every visit they answered to subject 

specific knowledge tests that have been used by the teacher for their assessment as well. Secondary data was 

collected as they interacted with the 3D tool, through log charts and completion scores. The focus group will be 

coming back for two more visits and evaluation rounds in 2013 and 2014.The teacher and the chemistry experts 

will also be interviewed by the end of the project period in order to give their account and evaluation of the 

experiment.  

 

 

4. Observations and preliminary conclusions 

 

The laboratory concept has been designed together with the subject experts, teachers, museums professionals, IT 

engineers and the content manager involved in the project Mubil. Two teams were established, one working with 

the contect for the archive objects to be presented at the Gunnerus library and one with the technological 

applications at the Percro lab. Both teams have had regular contact throughout the whole period. The project has 

had a flexible and dynamic design in its overall architecture which has allowed us to work in an interdisciplinary 

research frame and learn about each other’s  discipline. It has challenged us as to get an insight of terminology 

and methodological discussions in all the disciplines involved. Our study has been focusing in the creation of a 

hybrid virtual heritage space new to the archive of the Gunnerus library for a wider public.  It has created a new 

public space and an exhibition environment for the presentation of archive and content to young users  at a 

library that has been used mostly by grownups and researchers up to now. Thus it has constituted a novel 

experiment in the social context of the school community with the help of new technology.  The target group of 

the case study is pre-teens, school students of 15 years old that participated in different on-hand experiments in a 

game-like environment with 3D reconstructions of objects and books. The overall architecture of the visit has 



allowed them to seek knowledge by free choice in an informal learning environment and gain scores of 

performance. The main research focus is to investigate and analyze the learning strategies of the participants 

involved, when interacting with 3D technology in task performing in a game-like environment.  

Young generations as the target group of this study, seem to be technology confident and genuinely interested in 

interactive tools. As research has shown they seem to engage in performing, knowledge quest tasks and can thus 

modify their experience towards their own interest(Costabile et al., 2008) and that is also observed in our 

workshops. Nonetheless the so called digital native generation is not as confident and competent in their digital 

skills as it is usually assumed and their digital behavior is depending on several factors, age, gender, soc ial-

economic status mastery levels and use(Pedró, 2007). Our main challenge has been to design tasks that trigger 

their interest and use the virtual environment to explore the strategies they use in applying 3D technology in a 

field trip environment. We claim that virtual reality can support experiential learning because it involves active 

participation and enactment of innate knowledge as already pointed out my museum scholars (George E Hein, 

2006). That puts virtual technology under a different perspective than it has been used up to now, promoting 

heritage environments (VHE) in informal learning situations. The difference between existing applications of 3D 

technology and Mubil project is that in the first ones users are invited to passively browse through a 3D 

environment where the atmosphere and the artifacts of a past time are reproduced in a synergy between research 

inquiry, technology, art, and everyday life (Kalay, Kvan, & Affleck, 2007). Interaction that remains of a passive 

conduct through a virtually reconstructed environment does not easily allow active involvement. Mubil is based 

on active involvement and social conduct in solving the tasks to be performed. We also believe that by involving 

the young students as the experts in successive visits and evaluation rounds allows the project to communicate 

and use their innate knowledge as the native digital generation (Goodson, Loveless, & Stephens, 2012). One of 

the main drawbacks though is the ongoing development of such tools contains technological and performativity 

issues. The 3D technology is under quick development and film and game industry is investing a lot on its 

exploration a fact that we cannot compete with as a memory institution with limited funding. Another challenge 

is to study the different external factors involved in the learning frame of our study that might be influencing the 

performance of the users, such as  influence of the teacher on the students and his role in the planning and 

executing of the workshop, the chemistry student and his own performance, the actual performance of the oven, 

the technical problems or questions before the set up and after the visit, the actual use of video cameras and 

sound recording and other secondary factors will be taken into account as modifying the experience of the users 

in the workshop environment. The technical applications are planned to be completed by October 2013 while the 

design and launching period will be during 2014. During the next stages we will focus on the evaluation of the 

technological results collect new visit data and try to develop a more complete evaluation model to analyze our 

work. We believe strongly that Mubil is exploring a new possibility for historical archives to create a learning 

space by using novel technological tools.  
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Abstract

Preserving cultural  heritage  artefacts  represents  one of  the most  important  functions  of  a

museum, along with making known these proofs of history to the general public. One of the

methods  of  both  preserving  and  promoting  history  is  represented  by  3D  digitizing

technologies applied in the field of cultural heritage. 3D Digitisation of Icons of European

Architectural and Archaeological Heritage (3D Icons) project is a pilot project funded under

the European Commission’s ICT Policy Support Programme, built on the results of CARARE

and  3D-COFORM.  The  implication  of  the  Romanian  National  History  Museum  in  this

project,  as  a  full-time  member,  gave  us  the  opportunity,  for  the  first  time,  to  test  and

implement the 3D technology in a public institution, such as a museum. In this paper, we

would like to present the impact that 3D Icons project had on our understanding of the value

of  these  technologies  for  cultural  heritage.  Presented  as  a  study-case,  the  Romanian

experience within 3D Icons project  will  focus  on the technologies  used for  obtaining 3D

models, the outcome and the ways of promoting them via the web. The study will center on

several artistic and architectural details from the Romano-Catholic Cathedral from Alba Iulia,

Alba County,  one of the most representative architectural complexes of Romanic art from

Eastern  Romania.  As  a  member  in  3D  Icons  project  we  became  aware  of  open-source

technologies related to 3D modeling, which facilitated us to establish an easy methodology

and data processing method, while working with low-cost software enabled us to find cost

effective solution for 3D modeling.

Key words: photogrammetry, cultural heritage, vizualization, 3D models
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The geometric recording of a monument is the procedure of acquiring,  processing,

archiving and presenting data for the determination of the position and the actual present

form, shape and size of a monument in 3D space at a given moment in time.

The  digital  photogrammetric  acquisition  unit  is  the  combination  of  hardware  and

software dedicated to the acquisition of the required images, of the necessary coordinates in

order to orient the acquired images and to the execution of the measures and computations in

order to estimate the orientation parameters (Lingua, Piumatti, & Rinaudo, 2003, p. 210).

The process of creating 3D structures from 2D images has been a major endeavor

within computer  vision,  while  the process of rendering such structures received increased

interest  in computer vision.  The archaeological  heritage represents  the foremost  record of

human past  activities,  thus  its  protection  and proper  management  is  essential  in  order  to

facilitate the activity of the scientific community to study and interpret it for the benefit of

present and future generations (Al-Ruzouq, 2012, p. 97). Cultural heritage represents a more

recent  field  of  application  for  automatic  3D  reconstruction  technologies,  having  specific
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requirements, such as accuracy, portability, and the need for sampling and integrating color

information (Al-Ruzouq, 2012, p. 97).

3D Icons Project

3D data represent a critical component to permanently record the form of important

objects, archaeological sites and architectural monuments, and in this way to be passed down

to future generations (Remondino 2011, p. 1104). Realistic 3D results may be generated with

the help of remote sensing technologies and 3D documentation and modeling, useful in all the

museum related  areas  -  documentation,  preservation and conservation  of  cultural  heritage

objects or monuments, simulation of aging and deterioration, computer graphic applications

or multimedia exhibitions (Remondino 2011, p. 1105). The availability of low-cost options is

strategical to increase the diffusion of 3D scanning technology and to rise awareness and

competence in the domain of cultural heritage.

3D  Icons  European  project,  funded  by  the  European  Commission  (CIP  297194),

started in February 2012 and has as main objective the digital content that includes 3D models

and  reconstructions,  but  as  well  images,  texts  and  videos  of  the  main  cultural  heritage

monuments across Europe. Through this project, the members intend to make accessible to

Europeana platform of  a large quantity of  high-quality,  3D, well-organized and attractive

information regarding the masterpieces of European architecture and archeology (Barcelo,

Forte, & Sanders 2000). At the same time, the project’s objective is to complement the 3D

content  brought  to  Europeana  via  the  CARARE project  and thus  to  increase  the  content

available to end-users (D’Andrea, Niccolucci, Bassett, & Fernie 2012, p. 517). The task of the

16 members of the project that come from 11 different countries is, first of all, to examine the

available content and to put together the associated technical information and, secondly, to

eliminate the possible content gaps that already exist. The criteria that the members of the

project used to select the 3D content took into consideration the significance of the cultural

heritage monument, but as well processing costs and resource usage. The software used in the

project  is  based  mainly on  open-source  technologies  or  on  technologies  that  have  a  low

acquisition costs. Besides the 3D content that the project intends to make available to the

general public, another important task is to make publicly available the production pipeline to

other cultural institutions or owners of 3D cultural content (D’Andrea et al. 2012, p. 518).

Romanian case
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The  presence  of  geomatics  technologies  in  Romanian  scientific  communities  is

somehow new,  rather  at  entry  level.  Although  the  cost  of  these  technologies  is  slowing

reducing and thus the price does not represent anymore the main prohibitive factor, the lack of

experience  determines  a  difficult  selection  of  the  right  product,  while  the  lack  of  a

methodology,  of  standardized  terminologies  and  specifications  (Remondino  2011,  p.  1105)

leads to unprofessional results1. 

In Romania, the experience regarding the generating of 3D model of cultural heritage

monuments is rather scarce. The highly costs of these techniques until several years ago made

them  quite  inaccessible  for  Romanian  scholars.  Nevertheless,  we  may  mention  the

reconstruction of a legionary camp from ancient Apulum. A coincidence or not regarding the

3D modeling, Apulum was the military camp on which the medieval town Alba Carolina and

today Alba Iulia stands. The application was based on 3D reconstruction of landscape, graphic

engines,  programming  interactions  with  the  objects  using  voice  or  text,  movement  and

interaction with movement devices proposing a virtual tour in the military camp (Domșa 2009,

p.  1682).  Other  3D  reconstructions  of  archaeological  sites  have  been  created  by  non-

specialized people2, therefore with little knowledge of the site’s historical background and the

surrounding area. Thus, specialized people in cultural heritage, with a certain inclination to

computer graphics and modeling, should represent one of the main concerns of the Romanian

scientific community. As a partner in 3D Icons project, MNIR became aware of open-source

technologies  related  to  3D  modeling,  which  facilitated  the  establishment  of  an  easy

methodology for data aquisition and data processing method, while working with low-cost

software enabled us to find cost effective solutions for 3D modeling.

Historical background - Saint Michael Romano-Catholic Cathedral

The city of Alba Iulia represents a symbolic place for Romanian historiography, being

the fort of the Roman Legion XIII Gemina, with the ancient name of Apulum, during the 2nd

century  AD.  For  Hungarian  history,  it  represents  the  former  See  of  the  medieval

Transylvanian Diocese  and the capital  city of  the  Transylvanian  Principality during early

modern period (Marcu 2008, 19), having an uninterrupted existance until now.

1 See, for example, the multitude 3D representation on the web of several Dacian fortresses, few of 
them asserted by the scientific community.

2 The  reconstruction  of  Sarmizegetusa  Regia,  UNESCO  archaeological  site,
http://www.romaniadevis.ro/dacia/descopera-romania/romania-virtuala-3d/item/sarmizegetusa-regia-in-3d.
Especially for toruistic purpose, and not a scientific one.

http://www.romaniadevis.ro/dacia/descopera-romania/romania-virtuala-3d/item/sarmizegetusa-regia-in-3d
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The first construction documented on the place of today Saint Michael Cathedral was

an apse,  most probably of Roman origin (Heitel  1975,  p.  345).  A dome was added to this

monument, being thus transformed in a church, somewhere in the middle of the Xth century.

The second phase of the monument was as well a construction having an apse form, dated to

the middle of the XIth century (Marcu 2012, 87-88). The construction of the final phase of the

building might be, most probably, dated at the end of the XII th century (Marcu 2012, p. 123). at

the  beginning  of  the  13th century the  first  cathedral  of  the  Diocese,  which  today can  be

documented only through archaeological investigations, was replaced by the present building

of the cathedral. Nevertheless, the older cathedral preserved its original shape until today,

being the only one with this type of architecture from the age of the Arpad Kings of Hungary

(Marcu 2009, p. 7).

Data Acquisition

The main purpose of the survey is to generate geometric and photorealistic 3D models

of objects and architectural details from Saint Michal Romano-Catholic Cathedral from Alba

Iulia,  Romania.  These  models  will  be  afterwards  used  for  accurate  reconstruction  of  the

monument  and  as  well  for  visualization  purposes,  namely  the  upload  on  the  Europeana

platform.  Although  terrestrial  laser  techniques  (TLS)  are  used  for  recording  large  and

complex sites (Grussenmeyer & Guillemin 2011) as this one, due to their relative high costs, we

were determined to use image based documentation methods. The method employed could

provide 3D information from the 2D image measurements (Remondino 2011,  p.  1106).  We

intend to use as well, at a later stage, non-real 3D modeling approaches (Remondino 2011, p.

1106)  for  larger  models,  since  photogrammetry  cannot  cover  the  entire  surface  of  the

monument (computer graphics – 3D model of the Cathedral from blueprint).

For this case-study, we didn’t need to calibrate our digital camera due to the fact that

we used four external light sources of 5500K, while the documentation was based on multi-

images measurements and dense matching. Taking into consideration that the interior of the

Cathedral is only approximately 10-15% naturally lighted, we have been determined to use

artificial light (which, on the other hand, permitted the non-calibration of the camera). On the

other hand, the artificial lighting permitted constant lighting conditions.

As regarding the acquisition procedure, although range sensors can produce the dense

3D point-cloud data required in ordered to create high-resolution geometric models, while

image-based  modeling  is  suited  rather  for  producing  high-resolution  textured  3D models

representing only the main object structure (Guarnieri,  Remondino, & Vettore, 2006), all our
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data sources are based on photogrammetric data. High-resolution digital images of the objects

were captured, using a Canon EOS 5D Mk II ISO 100, t=1/60/ zoom lens EF 24-105 AF IS @

35 mm f: 22, 2 Studioflash 1000w and 2 Studioflash  300w. Of the approximately 15 models

aquired since the beginning of the project, we present here 3 objects from the cathedral, of

which  2  represent  funerary monuments  and one  architectural  detail,  all  of  them made of

marble.

First of the funerary monuments selected represent the sarcophagus of Ioan Sigismund

Zápolya, king of Hungary and prince of Transilvanya during 1570-1571. We aquired about

220 images, with a focal length of 28mm, and a image resolution of 5616x3744px, in order to

acquire good quality texture. Standoff distance ranged between 0.4 m and 1 m, according to

the geometry of the object. These photos were taken from the highest point possible (where

appropiate, the camera was perpendicular on the object), from the front and from the lowest

point possibl. The overlapp between two photos was of about 40%.

The second model  is  represented by the sarcophagus of Ioannes Corvinus,  leading

Hungarian military and political figure in the 15th-century history in Transilvanya. For this

model, we aquired about 94 images, with a focal length of 32mm, and a image resolution of

5616x3744px, in order to acquire good quality texture, as for the previous model. Standoff

distance ranged between 0.75 m and 1.20 m.

The third model taken into consderation is a font marble, for which we aquired about

74  images,  with  a  focal  length  of  23mm,  and  a  image  resolution  of  5616x3744px.  The

distance between the camera and the object ranged between 1 m and 1.5 m.

Data Processing and Post-processing

For processing and post-processing techniques, we employed Agisoft Photoscan and

Meshlab  software.  The  main  factors  for  our  choice  were  determined by the  price  versus

quality of the results obtained and, at  the same time, the possibility of using open-source

software, one of the aims of 3D Icons project. In Agisoft Photoscan, we used different align

photos, build geometry and texture options in order to compare the results and thus to have a

strong  opinion  on  the  limitation  of  the  software.  In  this  way,  we  became  aware  of  the

differences between all the options that the software provides and thus make the right choice

for the deliverable data to Europeana. Among the main factors when creating 3D models are

time and quality: for Europeana, a platform designated to provide real time, easy visualization

content to all end-users, we consider that medium specification produce most adequate 3D

models,  in  agreement  with  the  guidelines  provided by former  European projects,  namely

http://en.wikipedia.org/wiki/Hungarians
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CARARE projects3. On the other hand, for scientific purposes, where an elaborate model is

crucial with detailed texture, due to management, conservation, restoration and documentation

issues, the most suitable are high specifications.

We imported all of the data into Agisoft Photoscan software, on a computer with the

following specifications: PC desktop with windows 7 on 64bit, CPU i7 3770, 32Gb, as to

create the 3D models.

Taking into consieration that the main scope of this project is generating data mainly

for Europeana platfom, we will first present the results suitable for this one. Therefore, for

model  1  we  selected  198  images,  with  a  total  of  1.7Gb,  automatically  generating

approximately 500000 points, in a relatively short period of time. The final result, with low

settings, was created in about 10 min, but with texture optimal only for Europeana end-users

(Fig. 1, 2).

For model 2, we used all the 94 images, with a total of 1Gb, which automatically

generated approximately 433448 points, created in about x minutes, with high settings. The

resulted model had 294249 points cloud (Fig. 3, 4).

For the final model, we selected 74 images, with a total of 0.8 Gb, which generated in

Agisoft Photoscan a model with approximately 200000 point clouds, in about  4 hours. We

reduced the point clouds to 177342, and created the model using high parameters (Fig. 5, 6).

Surface rendering represented the final step in our pipeline, involving the generation

of 3D models with a realistic surface texture, namely the adding of the surface textures to the

3D model  surface  in  order  to  generate  a  real  world  appearance  of  the  model.  We  used

Meshlab (software developed within the 3D-COFORM project (D’Andrea et al. 2012, p. 519)

for reducing the point clouds generated around the actual object. The initial number of point

clouds was mode then 700000, about 433448 for model 2 and about 2000000 for model 3.

The final 3D models which will be used for web interface range between 290000 –177000

point clouds.

Conclusions

The advantages of photogrammetric method is that it records everything that is visible,

whether it is deemed important or not, while the potential for metric control far exceeds the

human recording. At the same time, photogrammetry is a passive method, with no harm on

the cultural heritage monument, while the result is durable (Anderson 1982, p. 201). On the

other  hand,  visual  masking due to  obstruction between camera and the subject  may pose

3 www.carare.eu
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difficult  or  insurmountable  problems,  while  all  of  the  usual  photographic  problems  still

prevail, such as depth of focus and lighting (Anderson 1982, p. 201). Although photogrammetry

allows  rebuilding  the  global  shape  of  the  monument,  the  same cannot  be  said  about  the

details. For models intended for web interface, the level of details is rather low, but the entire

process has the advantage of being relatively reduced as time. On the other hand, for scientific

purposes, where the need for detail is an essential factor, the model creation may take as much

as several days, but with amazing results. As a conclusion to our survey, we cannot state that

one choice is better than the other, everything depending on the purpose for building the 3D

models.
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Figure. 1. Textured 3D model of Ioan Sigismund Zápolya’s sarcophagus

Figure.  2.  Wireframe  3D  model  of  Ioan  Sigismund  Zápolya’s  sarcophagus  (Agisoft

printscreen)

Figure 3. Textured 3D model of Ioannes Corvinus’ sarcophagus (Agisoft printscreen)

Figure 4. Wireframe 3D model of Ioannes Corvinus’ sarcophagus

Figure 5. Textured 3D model of the marble font (Agisoft printscreen)

Figure 6. Wireframe 3D model of the marble font (Agisoft printscreen)
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Title: Digital Heritage Tools in Ireland - a Review 

 

Abstract 

 This paper reviews the user tools currently in use by Irish Cultural Heritage organisations.  

We highlight that key challenges for those providing user tools are associated with issues of 

preservation and sustainability of digital tools, and argue that for cultural heritage organisations the 

provision of digital tools is as important as providing access to the digital content stored, harvested 

and aggregated. This review draws on qualitative interviews carried out by the Digital Repository of 

Ireland (DRI) in order to inform requirements specifications, policy statements, user guidelines and 

best practices. The Digital Repository of Ireland is an interactive national trusted digital repository 

for contemporary and historical, social and cultural data held by Irish institutions. It will provide a 

central internet access point and interactive multimedia tools, for use by the public, students and 

scholars. Our stakeholder interviews, which included interviews with the National Library of 

Ireland, the National Archives of Ireland, a number of university libraries as well as other cultural 

institutions and independent archives, highlighted current practices and trends in the provision and 

development of digital heritage tools. This process provided us with unique insights into the 

challenges, as well as the opportunities, associated with user engagement.  

 

 

 

 

 

 

 

 

1 Introduction 
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 The Digital Repository of Ireland is an interactive national trusted digital repository for 

contemporary and historical, social and cultural data held by Irish institutions; providing a central 

internet access point and interactive multimedia tools, for use by the public, students and scholars. 

DRI is a four-year exchequer funded project, comprising six Irish academic partners, and is 

supported by the National Library of Ireland, the National Archives of Ireland (NAI) and the Irish 

national broadcaster RTÉ. This paper is based on the requirements and policy elicitation and 

development work undertaken as part of the DRI project. It draws on qualitative interviews carried 

out by DRI in order to inform requirements specifications, policy statements, user guidelines and 

best practices. Our stakeholder interviews, which included interviews with the National Library of 

Ireland, the National Archives of Ireland, the National Gallery of Ireland, the Irish Museum of 

Modern Art, a number of university libraries as well as independent archives and research 

institutions, highlight current practices and trends in the provision and development of digital 

heritage tools. The interviews provided us with unique insights into the challenges, as well as the 

opportunities, associated with user engagement and informed this review of user tools in use by 

Irish Cultural Heritage organisations. We will first consider the context in which these interviews 

were carried out, that is to inform DRI requirements and policy, before discussing digital tools 

provided by our interviewees and some of the challenges they face. 

 

2 Stakeholder engagement and DRI’s requirements. 

 DRI’s stakeholder interviews served two purposes - requirements elicitation and policy 

development. The interviews were semi-structured as we used a topic guide to ensure we captured 

essential information and points of interest whilst leaving room for free and open discussion with 

participants (see O’Carroll, Aileen & Webb, Sharon, Digital Archiving in Ireland (2012)). We 

asked our interviewees about their current practices for archiving their digital, as well as their 

analogue, collections in order to capture the activities and policies that drive this important area. 

From these interviews we captured and specified DRI’s core functional requirements from the 

content providers perspective. These include (but are not limited to): 

• A REST based API to support bulk ingest and export functionality. 

• A single ingest web form. 

• Support of multiple metadata standards and data formats, including Europeanna’s metadata  

format.  

• The implementation of access rights (authentication and authorization). 

DRI’s core remit is the creation of a national trusted digital repository (see www.dri.ie). Our core 

business requirements state that it must be robust, scalable and provide a long-term digital 

preservation solution. These core requirements, especially the idea of trust, were reiterated during 

http://www.dri.ie/
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the interviews as many sought assurances of DRI’s sustainability model and its ability to provide 

long term access to ingested content. These requirements stem from the content providers point of 

view but it is equally, if not more, important to consider the end user’s perspective - the audience 

for whom we are building the infrastructure and preserving the digital content.  Providing long-term 

preservation of digital content ensures that we can inform future generations but preservation is an 

activity that is rarely finished - when can we say something is preserved? Preservation is a simple 

present verb - it denotes an ongoing, continuous activity. As DRI’s core remit, long-term digital 

preservation is of course priority but we must look and think beyond just preserving the digital 

object (the content of our national archives, libraries, museums...) and consider how to support the 

presentation of, and interaction with, these digital objects and the data (or knowledge) contained 

therein. Whilst simply making content available and accessible is a task in itself (and one which 

requires resource allocation and commitments) the provision of additional functionality in the form 

of end user tools is essential given significant increases in user expectations. 

 We may define the success, or failure, of websites, online archives, digital libraries, digital 

repository, etc., by their ability, or inability, to capture the attention of their users or indeed their 

audience. The “if you build it [they] will come” mantra is long silenced as online content providers 

struggle to capture the attention of digital audiences in new and innovative ways. The data deluge 

and significant changes in online reading and consumption patterns (driven by and a result of 

hypertextuality) mean that digital audiences are spending less time reviewing, looking and reading 

online content and are instead opting to speed read and click; we are only ever one click, one 

tangential distraction, away from losing a user’s attention (Carr, 2010). Our understanding of user 

eXperience (UX) and user engagement stems from significant studies in human-computer 

interaction (HCI), an area of computer science that foregrounds fundamental design concepts, 

principles and methodologies in software, or more specifically UI design and, development. It 

informs us, at a basic level, that products i.e. software must be useful, usable and used (Dix, Finlay, 

Adown, & Beale, 2004, p. 5). Throughout our project planning DRI discuss reducing barriers to 

sharing data but, as Alison Prince discusses in ‘Engaging digital audiences’ (2013), we must also 

consider ‘reducing barriers to engagement’. It is in this sense that cultural heritage organisations 

must not only provide access to our digital cultural heritage content, which is stored, harvested and 

aggregated, but must also engage users with digital tools that enhance the user’s experience and 

engagement with that content. 

 

3 Cultural Heritage Tools 

 The provision and development of digital heritage tools serve to promote the hosting 

institution’s collections and to encourage user engagement and interaction with the content 
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contained therein. Digital tools, as Prince observes, are used to ‘reach, converse with, enthuse and 

promote specification actions among an audience’, and can include ‘websites, social media, email 

and mobile technologies’ (Prince, 2013, p. 350). When asked what, if any, digital tools they 

provided it was not surprising that many of our interviewees listed finding aids as their most 

important tool or feature. However, 60% of those interviewed also provided additional tools which 

included “user-generated annotations, crowd-sourced transcription correcting, networked mapping 

and graphing of relationships between material, text comparisons, data and geospatial 

visualisations, interactive maps, online exhibitions, interactive guides, interactive 

tables...educational tools”, mobile apps as well as finding aids that rendered results in various 

visualisations (O’Carroll & Webb, 2012). The range of tools are reflective of the diverse data types 

held by the various institutions and while image, text, audio and moving image files are the 

predominant data types being catered for, a number of our interviews dealt with complex data types 

and sets such as geo-spatial data, CAD, 3-D images, BIM (Building Information Modelling) as well 

as raster data and various statistical data sets. 

 The rendering and presentation of image, text and audio files was often supplemented by the 

creation and curation of online exhibitions. The RTÉ Archives developed a number of online 

exhibitions which utilise the mixed media content in their holdings. The exhibitions collate content 

on various subjects ranging from ‘National Holidays, Festivals, Anniversaries’ and ‘Politics and 

Economics’ to ‘Arts and Culture’ and ‘Society and Social Issues’ and provide additional contextual 

information on the exhibitions, in both English and Irish (RTÉ Archives). RTÉ’s position as the 

national broadcaster is reflected in the important historical and cultural exhibitions they have 

curated. Bringing their collections together in this manner contributes to and creates part of the 

national  historical and cultural narrative whilst providing an opportunity for users to engage with 

the contents of the archive in a manner which brings interconnected images, audio and moving 

image together e.g. ‘RTE Coverage of General Elections’ (from 1965 to the most recent in 2011). A 

number of cultural institutions created online exhibitions that mirrored the physical exhibitions on 

display, while a number used this feature as a provenance tool or a way to retrospectively display 

exhibitions. For example the Irish Museum of Modern Art (IMMA) offers virtual tours of some of 

their past exhibits, while the National Library of Ireland (NLI) offers similar online tours, most 

notably ‘The Life and Works of William Butler Yeats’ and ‘The 1916 Rising: Personalities and 

Perspectives’. Similarly, the National Gallery of Ireland allows users to create their own collections 

and curate according to their specific needs and interests. Yet, rather than just a space to curate or 

manage paintings of personal interest, the ability to share collections with other users, as well as 

enabling other users to edit their collection, means this feature is, not only a personal research tool 

but also a collaborative tool, reflecting online research habits and patterns.   



 

5 

 All interviewees were cognisant of the need to manipulate, and use, multiple digital 

channels to optimise user engagement. The NLI for example use multiple social media sites to not 

only publicise events, but to publicise their collections and holdings. More interesting however, is 

their use of Flickr Commons. The NLI populate their Flickr Commons account on a regular basis 

with images that range from landscapes and buildings, to people and events and directly ask the 

public to help identify the people, places, monuments, etc., in the photos. The simple use of this 

medium engages the audience in an activity that allows individuals to directly interact with the 

library’s holdings. The task of identifying key features and the opportunity to comment on images 

of historical and cultural importance not only adds value to content through the enrichment of 

descriptive metadata, creating information rich digital resources, but what is more important it 

enriches the user’s experience. Similarly, the Military Archives launched an ‘outreach initiative’, 

the ‘Military Archives Imaged Identification Project’. The project, which also uses Flickr, seeks to 

identify personnel, locations, machinery as well as background information such as date and 

location. Other forms of crowd sourcing were utilised by a number of institutions and libraries. 

Specifically, Clare County Library was able to generate a database of grave yard inscriptions 

through transcription projects carried out by individual and group volunteers. Built over time, and 

with direct input from the local community, the initiative has created a useful, crowd sourced and 

locally developed tool that supports genealogy services as well as other historical research. The 

Chester Beatty Library’s ‘Islamic Seals Database’ also employs crowd sourced means to gather 

information on ‘seal impressions found in Islamic manuscripts’. The final results of this process 

form ‘an online, interactive database’. This type of user engagement is a tangible connection to 

cultural heritage. It provides an opportunity for individuals to contribute to the national, historical 

narrative and moves the user from a passive observant to an active participant in a national memory 

institution. The use of social media, to promote and enrich collections, creates online communities 

that are connected to national treasures and, through simple engagement powered by social media, 

can open collections to the physical (and online) audience (citizens/netizens, diaspora, etc.) for 

whom it exists. Promoting this type of user engagement with content solidifies and generates 

relationships between the cultural institution and the audience and enhances the user’s experience as 

they feel connected to collections or content on display through these various, online, interactions. 

 Developing resources and promoting collections through multiple digital channels was also 

complemented by developing resources for multiple devices as our interviewees were cognisant of 

the need to develop mobile friendly services. A number of the university library catalogues, 

including the National University of Ireland Maynooth, can now be accessed through mobile apps. 

The University of Limerick, along with the National University of Ireland Galway and the Royal 

Irish Academy, also developed a mobile app, ‘Ireland Under Siege’, which, as an augmented reality 
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application, interacts with the landscape of important Irish battle sites. The development and 

provision of mobile friendly services, such as the examples provided, are a response to, and 

indicative of, changing internet usage patterns. They reflect specific requirements and use cases 

derived from developments in new media content delivery and, as Prince (2013) outlines, reduce 

barriers to user engagement as mobile friendly services (e.g. websites optimised for mobiles) focus 

on ‘providing content into the right channels for the audience’ (Prince, p. 354).  

 The digital tools mentioned so far are focused on the reuse and repurposing of image, text, 

audio and moving image. However, our interviewees also discussed digital tools and resources for 

the rendering, presentation and manipulation of numerical, geo-spatial and statistical data sets. As 

Catriona Crowe, senior archivist at the National Archive of Ireland, points out ‘today’s social 

science data always eventually becomes humanities data’, indicating that institutions such as AIRO 

(All Ireland Research Observatory), which deal with spatial data, are capturing and organising data 

that becomes part of the historical narrative and of interest to memory institution and heritage 

organisations. Rendering numerical, geo-spatial and statistical data through mapping, graphing and 

other visualisations captures the audience’s attention and provides users with an opportunity to 

visually engage with content and the information contained therein. Mapping tools such as AIRO’s 

National Census Mapping Viewer tools also provide an opportunity to manipulate, interrogate and 

analyse these datasets and is but one example of a number of in-house tools developed by various 

institutions and archives. 

 

4 Challenges - preservation and sustainability  

 The tools described above are content and data type driven and in many cases represent 

traditional archival material, albeit in digital form. Given the fact that national heritage institutions, 

and other independent archives, are invariably concerned with historical records and artefacts it is 

not surprising that the content delivered in the majority of these cases are digitised material, 

consisting of images, audio and moving image files organised and managed in, and by, various 

content management and database systems. The tools developed support the presentation, 

interaction and engagement with digital objects that are derived from real world objects and are a 

result of digitisation projects. These projects create digital surrogates and serve as a means to share 

the content of an archive or library and help preserve the integrity of primary sources as they reduce 

the physical handling of, often fragile, material. However, once an object, artifact or source has 

been digitised we are faced with new preservation issues, that of the long-term preservation of the 

digital surrogate or object. As Daniel Cohen and Roy Rosenzweig observe in Digital History. A 

guide to gathering, preserving and presenting the past on the web (2006), ‘digitisation is not yet the 

preservation silver bullet’ (p. 244). The imaging of material, to archival standards, can create 
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storage, as well as content delivery challenges. A number of our interviewees cited this as a major 

challenge, the solution to which was often the creation of lower quality images - a compromise 

which may not fit all archival or cultural content, or indeed institutions, if images of last resort are 

being created. Audio and moving files create even greater storage challenges, highlighted by the 

fact that ‘a two hour film of [digital] preservation quality would be approximately 6 terabytes’ 

(O’Carroll & Webb, p. 25).   

 However, we are now entering a new phase for digital cultural heritage material, that is born 

digital (and digital only) material. This area is only emerging but cultural institutions and archives 

must be able to handle new types of archival records which include text documents, spreadsheets, 

databases in various proprietary, open source and bespoke formats not to mention emails, online 

ephemera (blogs, posts), websites (both static and dynamic), software applications and programmes, 

and unstructured data or big data.  A number of institutions highlighted this as a challenge they 

faced - one archive spoke of the difficulty archiving the collection of a now defunct political party 

because it consisted of CPU’s, as well as documents and had ethical as well as technical challenges. 

 As stated, managing and preserving a digital objects is resource intensive. Yet, while we 

may concern ourselves with long-term preservation of digital objects, we must also consider the 

preservation of the tools that provide access and functionality to these digital objects and data sets. 

Long-term preservation is ‘sustainable access’ - it must consider the form as well as the 

functionality of the digital object. The tools themselves become our digital cultural heritage. As 

they are part of a national, historical narrative and public interaction and engagement. The 

preservation of user generated content is also of concern as they in many ways become primary 

sources themselves - they document and are an expression of contemporary political and social 

concerns and interests. It is in this sense that we must also seek to provide long-term preservation or 

sustained access to digital resources and tools but also to the digital objects that drive these.  

 A key step in the process of obtaining a TDR certification is identification of a repositories 

‘designated community’ (Trusted Digital Repositories: attributes and responsibilites, 2002). It was 

reported at the Digital Preservation Coalition, Workshop on Trust, (Dublin, May 2013) that this first 

step is one that commonly causes difficulty. While many institutions have a remit to serve the 

public, in reality, it rarely services everyone. The National Gallery for example identified their 

public in layers; academic researchers, school students, lay researchers, and only then, the general 

public. When an archive creates user tools it should similar consider for whom they are being 

developed – at times the answers may be unexpected. Clare county library discovered that their 

public/users also included diaspora, Irish emigrants abroad, who engaged with their online 

resources in order to maintain a connection to their home county. A challenge therefore is defining 
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the various user communities so that tools are developed to meet an appropriate need, at an 

appropriate scale. 

 

5 Conclusion  

 Providing access to our digital cultural heritage is an important task. As a result of this 

interview process we found that access alone does not suffice given the growth, and current level, 

of user expectations in terms of data use, reuse and interaction. As such, the development and 

provision of user tools that support innovative analysis, visualisation and curation of digital content 

is an important feature of digital archives, libraries, repositories and other such systems. Providing 

users (that is researchers, scholars, the general public, etc.) with the means to interact with content, 

whether through a visualisation, curated exhibitions, user light-boxes, social media sharing or the 

ability to add comments, through multiple channels, on multiple devices enhances the user’s 

experience and takes into account significant changes in user expectations and online habits. Apart 

from enhancing the user’s experience, a useful, usable, used digital tool will also promote and 

secure future engagement and attract visitors to both the online and offline (physical) site.  While 

this paper describes current tools, many of the cultural heritage institutions, archives and libraries 

we interviewed, spoke of future developments in this area and were acutely aware of the need to 

develop tools to present and render born digital content. The interviews also revealed a number of 

challenges which our interviewees faced in this area. While they are overtly aware of the need to 

preserve digital objects, the need to preserve digital tools was an area that many had not yet 

considered. Sustainability of digital resources and their functionality is of key concern. Tools that 

support resource, content and knowledge discovery are an important aspect of current developments 

within the Irish context and this was highlighted during our stakeholder interviews and is reflected 

in DRI’s requirements and policy decisions. 
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