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ABSTRACT
The interoperability of web archives and digital libraries is
crucial to avoid silos of preserved data and content. While
various researches focus on specific facets of the challenge
to interoperate, there is a lack of empirical work about the
overall situation of actual challenges. We conduct a Delphi
study to survey and reveal the insights of experts in the field.
Results of our study are presented in this paper to enhance
further research and development efforts for interoperabil-
ity.

Categories and Subject Descriptors
H.3.7 [Digital Libraries]; D.2.12 [Interoperability]

General Terms
Study, Theory
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1. INTRODUCTION
This paper reveals the results of a Delphi study about the

interoperability of web archives and digital libraries. The
aim of the study is to provide a better understanding about
crucial aspects of interoperability in this domain.

According to the Institute of Electrical and Electronics
Engineers (IEEE), interoperability is the “ability of two or
more systems or components to exchange information and

to use the information that has been exchanged” [7, p. 114].
It has numerous facets including uniform naming, metadata
formats, document models, and access protocols [16]. Inter-
operability in a narrow sense describes how technical sys-
tems interoperate. In a broader sense, it also comprises so-
cial, political, and organisational factors [9].

Research about interoperability of web archives and dig-
ital libraries often considers technical and semantic aspects
of interoperability, e.g. protocols and standards. However,
conceptual models for interoperability also comprise other
aspects. The European Interoperability Framework differ-
entiates between organisational, semantic, and technical in-
teroperability [12]. This perspective has been adopted by
the DL.org to describe and consider interoperability of dig-
ital libraries [4]. Other publications mention the semantic
level under the term content level [3]. A similar perspective
distinguishes between technical / basic, syntactic, functional
/ pragmatic, and semantic as levels with increasing abstrac-
tion [10]. Similarly, [25] describes with an increasing capa-
bility for interoperation the levels of technical, syntactic, se-
mantic, pragmatic, dynamic, and conceptual interoperabil-
ity. A specific perspective for digital libraries distinguishes
the levels of gathering, harvesting, and federation [3]. The
maturity of inter-organisational interoperability can be as-
sessed on the levels of computer, process, knowledge, value,
and goal interoperability [9]. While the different models in-
dicate interoperability as a subject with various facets, only
a few studies can be found that inquire into current web
archives and digital libraries for interoperability issues (see
Section 2). Thus, there is a risk that research and devel-
opment to improve interoperability is mainly driven by per-
sonal assumptions, beliefs, or experiences of the researcher,
and therefore fails to address the real needs of the commu-
nity.

Our survey aims to gain insight into areas that have not
been surveyed and derives from people who are highly in-
volved and have personal experience. Our aim is to ex-
amine a theoretical framework of interoperability in both
web archives and digital libraries with the assistance of peo-
ple who have their own experiences and thoughts on the



topic. The survey does not focus on specific technical de-
velopments and offers to the participant the opportunity to
develop freely their thoughts. This study can be consid-
ered as a discussion about interoperability; the obstacles,
the current limitations, the followed approaches, the forth-
coming challenges, the ideas for improvement. Therefore,
our contribution, not only to the research community but
as well to the involved communities, is the sharing of the
valuable outcome of an enlightening virtual discussion from
experts about interoperability.

The remainder of this paper is organised as follows: Sec-
tion 2 reviews related studies about web archives and digi-
tal libraries, and focuses on their relation to interoperability
aspects. In section 3, we reveal the chosen method for our
study including a short introduction into the Delphi method
in general. The first and second round’s results of our study
are presented in section 4 and 5 before we discuss them in
section 6. Finally, we draw our conclusions in section 7.

2. RELATED WORK
In this section, we review published surveys on web archives

and digital libraries regarding their insights into interoper-
ability aspects.

Several surveys have been conducted in the domains of
web archiving and digital libraries addressing issues regard-
ing the web archiving activities. The majority put their fo-
cus on web archiving in general, examining the progress that
has been made, the maturity so far, the problems encoun-
tered and the practices used in the field of web archiving.
However, interoperability was out of their scope. Aspects
such as legislation and national legal authorities, permission
access, common tools and standards and cooperation of in-
stitutions for common developments that are also addressed,
are of course related to our topic of research but not in a
direct way. In particular, the International Internet Preser-
vation Consortium (IIPC) carried out a survey among its
members, basically a profile identification, and got responses
from 35 of them. The survey examined the maturity of web
archiving, the scope, the tools used for harvesting, curation
and access, legal limitations by their countries and access
restrictions [11]. Another survey on 16 national libraries fo-
cuses on how they attempt to justify their web archiving
activities [23]. The Internet Memory Foundation ran a sur-
vey on European institutions aiming to obtain a clearer un-
derstanding of problems encountered in the field of Internet
archiving with the help of a panel composed of 74 partici-
pants from national libraries, audiovisual and institutional
archives. This survey addressed several aspects such as the
status of web archiving, legal aspects, access restrictions,
policies and priorities regarding the scope and the types of
archiving [1]. The 18th Conference of Directors of National
Libraries in Asia and Oceania (CDNLAO) presented a re-
port with the participants’ answers about web archiving in
this region. The questions were about cooperation, access
and preservation policies, tools in use, and the legal frame-
work [20]. Later, a survey presented an updated overview
of the web archiving initiatives internationally, in which the
addressed aspects were mainly the scope, content charac-
teristics, file formats, technologies and the provided access
[8].

However, to the best of our knowledge, only a few sur-
veys put their focus specifically on interoperability issues.
A study regarding the future interoperability in web archiv-

ing was presented by [14] as a survey on national libraries.
In this study, 37 participants responded to questions re-
garding several issues like scope of harvested resources, col-
lecting and discovering policies, level of harvesting, access
to archived content, level of cooperation with other web
archives, how they solve ownership and technical issues and
what kind of institutions they could partner with to solve
such problems. The motivation of this survey, and also one
of the questions, was the belief that interoperability between
all national web archives should be a long-range goal, and
the majority agreed on that. Based on the results, it is
clear that a great challenge and need for the national li-
braries is to make legal deposit, copyright and related leg-
islation adapted to the world of the Internet so that the
digital part of national heritage can be preserved for future
generations. Additionally, some comments of participants
regarding preferable engagement in partnerships revealed a
need for cooperation with institutions that have to offer tech-
nical and collection expertise along with a commitment to
preservation issues [14].

Another survey, that focused exclusively on interoperabil-
ity aspects, but specifically in the digital library sphere, was
conducted by the DL.org Policy Working Group [13]. This
experimental survey on policy interoperability of digital li-
braries was carried out among a selected sample of digital
libraries, digital repositories and federated services, and re-
ceived 26 responses (15 completed). This survey addressed
how the policies, strategies, frameworks and plans of the dig-
ital libraries affect or are affected by interoperability. Their
findings revealed that existing policies of the organisations
have been revised according to those of other organisations
with regard to policy exchange and reuse only in the areas
of Preservation, Access, Collection Development and Meta-
data. Furthermore, even if respondents expressed interest
to interoperate with other public or private organisations,
just few of the stated policies regulate such interactions.
The authors identified in the results an indication for ap-
proaching policy interoperability not only from a technical
but also from an organisational and semantic perspective
[13]. Within the same project, another survey [26] was run
regarding quality interoperability in digital libraries, since
quality and interoperability are two aspects that affect each
other. The results revealed to what extent the respondents
use validation tools to check compliance of metadata, format
or communication protocols and how complete they consider
their metadata is. They also identified some barriers to
metadata creation, like the complicated and contradictory
guidelines. According to this survey, most of the respon-
dents consider interoperability as a mainly technical issue.

3. METHOD
In this section, we outline the underlying method of our

research. We aim to identify current and future main issues
for the interoperability of web archives and digital libraries.
We decided for an explorative, qualitative research in order
to have the chance to identify novel issues in this field. Our
intention was not to extract statistical results from either
the entirety of the web archives and digital libraries or from
a representative sample of it, but to gain useful insights from
a group of people that are highly involved and particularly
interested in this topic and the future progress. Hence, we
chose the Delphi method to survey a purposive sample of
experts.



The Delphi Method grew out of the need for a technique
able to obtain the most reliable consensus of a group of ex-
perts [21]. While it was initially conceived as a group deci-
sion technique aiming to obtain a consensus, now it is also
used as a research method to obtain reliable opinions and
valuable contributions from a group of experts in order to
resolve a complex problem [17]. For example, several Del-
phi studies are ranking-type and aim to extract a consensus
opinion on the importance of specific issues, but others em-
phasise differences of opinion in order to develop a set of
alternative future scenarios [21].

A Delphi method undergoes two or more rounds. The
first round is an exploration of the subject. The researchers
design the initial questionnaire and select an appropriate
group of experts who are qualified to answer the questions.
In this round each individual panellist contributes additional
information that he feels is important to the topic [18]. The
responses are then collected and analysed. Based on the
analysed results, a second round is designed in which respon-
dents are asked to revise their original responses and/or an-
swer other questions based on group feedback from the first
round. The Delphi method is an iterative process and each
subsequent questionnaire is developed based on the results
of the previous questionnaire. The number of the required
rounds depends strongly on the purpose of the research. In
general two or three iterations are suggested for most re-
search but fewer could be also adequate to reveal sufficient
information [24]. However, the participants are usually given
at least one opportunity to revise their original answers upon
examination of the group responses [18].

The Delphi study in our research consists of two rounds.
A purposive sample of seven international experts from the
web archiving and digital library communities was created.
While the research team knew the identity of the partici-
pants, the participants were anonymous to each other. Thus,
a possible bias by reputation or hierarchy perceptions or an
answering according to expected norms could be avoided.

The aim of the first round was a brainstorming about
the purposes, obstacles, possible solutions to overcome lim-
itations, and other future challenges. Therefore, a ques-
tionnaire was created with four open questions (see Ap-
pendix A). Two researchers created the questions before
an archivist reviewed them as domain expert. Based on the
recommendations of the review, questions were adapted to
improve the wording according to the participants’ context.
The final questionnaire was sent as text document and as
online questionnaire to the participants at the beginning of
February 2013. The participants had three weeks time to
answer. Additionally, a reminder was sent in the middle
of the three weeks to participants that had not responded
yet. The final answers of the first round were analysed qual-
itatively by two researchers in parallel. Afterwards, results
were compared and discrepancies in the interpretation were
solved through discussion. The final results of the first round
are presented in section 4 and were used to design the second
round.

The aim of the second round was to verify identified re-
sults from the first round by all participants as well as to
create further insights through evaluation regarding differ-
ent aspects. Therefore, an online questionnaire with closed
questions and the possibility for further comments was cre-
ated. The questions were created by two researchers accord-
ing to the structure of the first round’s results, and reviewed

afterwards by the archivist. Further improvements of the
wording were made based on the review. Additionally, the
questionnaire was tested with two individuals related to the
archiving sector in order to test the understanding of the
questionnaire as well as to confirm the time estimation for
answering the questionnaire. The questionnaire was sent to
the participants at the beginning of April, and a reminder
was sent after two weeks to participants that had not re-
sponded yet. The second round was completed by six of the
seven participants. The responses were analysed and the
results are summarised in section 5.

4. RESULTS FROM THE FIRST ROUND
In the following, we present the results of the first round of

our Delphi study. We structured the results into categories
represented by the following subsections.

4.1 Purposes
We collect under the term purposes the motivations and

abstract use cases that require interoperability. The iden-
tified purposes can therefore be understood as answers to
the question why a web archive or a digital library would
consider interoperability with other systems. In particular,
the identified purposes can be overlapping or complementary
and should not be understood as disjoint classes. However,
each purpose may imply some specific requirements or a dif-
ferent context.

The identified purposes are further separated in three as-
pects. The first aspects describes the distinct uses for which
interoperability is necessary. In this way, uses that motivate
interoperability can be differentiated between (a) federated
search, (b) federated access, (c) exchange, and (d) replica-
tion.

Federated search in the context of our research is the
possibility to search from a single point or with a single query
for data that are stored in several web archives or digital li-
braries. In the traditional library, for example, it enables
the user to search various printed and electronic collections
through one interface [6]. The search query that the user
types in a single interface is sent to multiple search engines.
In this way, it is common that a selection or subset of search
engines is generated instead of broadcasting the query to all
search engines. The typical phases of federated search are re-
source representation, resource ranking, distributed search,
and result merging [5]. An example for federated search
indicated by one of the participants was the following:

“For example, a collaborative of three of four cultural
heritage institutions might digitize texts related to WWII
and place them into a single collection. Each institution
might house a copy of their own materials but create an
aggregate index of all texts in the combined collection so

that researchers may discover them and seek to access them
from partner institutions as is feasible.”

While federated search requires that just the location of
the desired objects can be found even if it is distributed in
distinct archives, federated access also enables the user to
retrieve the data directly from a single point. This means
that the data can be, for example, viewed or downloaded.
We distinguish between federated search and federated ac-
cess in order to emphasise the opportunity for the user to
directly access through one interface the objects that are



stored and managed in distributed locations. Therefore,
a precondition of federated access is that the object has a
digital form while federated search is also possible for non-
digital, e.g. printed, objects. An example that indicated the
desire for federate access was:

“One is to make it easier for people to access and use
content despite the physical location of the content. For

example a researcher can discover and bring together into
one view content from many different repositories.”

Exchange and replication are similar but describe differ-
ent aims for the transfer of data between archives. The
exchange of archived objects may be necessary to create
or to complement specific collections like the collection of
information about a specific topic or event. One participant
reported:

“collaborative constitution of collections or exchange of
collections between institutions. For example, constitution
of web archives collections for the 2012 Olympic games in

London (IIPC project).”1

Replication on the other hand aims at data redundancy
in order to reduce the risk of data loss and improve relia-
bility. The preservation of digital information has to con-
sider physical threats (e.g. natural events, age of the hard-
ware), technological threats (e.g. format obsolescence), hu-
man threats (e.g. curational errors), and institutional threats
(e.g. economic failure). Replication combined with regular
auditing can help to reduce the impact of these threats [2].
While the specific reasons for replication were not further
explained by the participants, the need for replication was
mentioned in statements like the following:

“The purpose of interoperability in the context of digital
preservation is two-fold: exchange of information and

distribution of replicas.”

The second aspect derives from the differentiation in the
scopes of the above uses. Hence, it can also be understood
as a specialisation of the purposes already described. In
particular, the following refinements were made about inter-
operation across:

• National boundaries,

• Organisational boundaries, either among organisations
of the same type (e.g. among several digital libraries),
or among organisations of different type (e.g. between
a national digital library and the national web archive).

The last aspect that we identified differentiates the moti-
vations based on the objects in focus. Thus, interoperability
may concern either primary objects entirely or only meta-
data. One participant gave us the following example:

“It may be exchange of collection if data are interoperable,
or only collaborative referencing of collections if only

metadata are interoperable”.

1For more information about the
Olympics 2012 collection see also
http://digital2.library.unt.edu/nomination/olympics2012/

4.2 Benefits through interoperability
Among the participants’ views regarding interoperability,

we identified also some benefits that arise from the institu-
tions’ interoperation and the general attempts in this direc-
tion. We consider as benefits any advantage or opportunity
for the institutions and the involved communities that oc-
curs through the interoperation of the systems or through
the research and other efforts towards this. We distinguish
the benefits from purposes since the latter are goals that
we aim to achieve or problems that we try to overcome,
while the benefits are the additional positive effects that
arise through the process or the outcome. With respect to
this, the following benefits were identified:

• Dissemination of the content of an institution’s collec-
tions internationally. As stated by a representative of
a digital archive which collaborates with a universal
web archive organisation:

“We are collaborating with X thanks to the
presentation of our project on the website of X we can
(get) not only a larger, but international attention.”

• Institutions and organisations are benefited in areas in
which they are constrained to act individually in terms
of budget and annual resources or because of lack of
know-how:

“Creating interoperability requires more preparation
and ongoing management but if executed well will

result in benefits to an organization that could not be
realized alone, especially in the domain of access or
preservation, areas in which individual institutions
are by nature constrained in terms of budget and

resourcing on an annual basis”

This point has been revealed as well in a previous sur-
vey [14] where respondents indicated a desire to engage
in partnerships that could offer some technical assis-
tance.

• Development of common tools to collect, exploit and
preserve content:

“Example : all IIPC members use the ARC or WARC
standard so IIPC funds projects to develop or enhance
ARC or WARC files harvesting, managing or accessing
tools.”

• Longevity of digital collections since their content is
described and encoded in common standards. This
particular point has been also investigated in [19] which
examined digital longevity through standards and reached
the conclusion that specific kinds of standards, even if
not designed for digital longevity, are essential to this
purpose to describe the functionality, the procedures
and the concepts of a digital library or archive, to pre-
serve the digital documents, to preserve the access to
the content (metadata standards), and for interoper-
ability.



4.3 Barriers to Interoperability
The second aspect of interoperability that we aimed to

identify is the obstacles and limitations, or in other words,
the barriers that hinder the establishment of interoperabil-
ity. We grouped the identified barriers in five categories: (a)
standardisation, (b) tools and implementation, (c) organisa-
tional obstacles, (d) legal problems, and (e) the approach to
handle interoperability.

While various standards already exist, the current state
of standardisation and compliance seems to be unsatisfac-
tory. A lack of agreed standards has been reported. Similar
to the lack of agreement, competition among the already
existing standards has been reported.

However, even the agreements on standards do often not
lead to interoperability because problems occur when they
are applied or implemented. One problem is the lack of
tools that implement the existing standards. Next to this,
the same standard can be implemented differently in differ-
ent contexts. More specifically, even if two archives apply
the same schema, the content can be modelled differently
and thus impede interoperability:

“Technically we model content differently. Even when we
use the same schemas (e.g. METS) we use them in

different ways.”

While the barriers regarding standards are mainly of a
technical nature, barriers occur also from an organisational
and legal perspective. Organisational obstacles concern
the ability and willingness of an organisation to provide in-
teroperability for its collections. Some organisations are not
willing to commit in collaborations and partnerships or they
are not willing to invest in standardising processes:

“Too often organizations fear the process of becoming
‘dependent on another organization’ when it is hard enough

to operate alone”

Furthermore, organisations may feel not able to provide
or invest in interoperability because of the expected effort
as well as the lack of know-how and resources in the organ-
isation:

“Large-scale collaborations can be time-consuming and
require a lot of effort and communication, especially for

mission-critical activities like preservation.”

Last, some organisations actually have no desire to pro-
vide any interoperability:

“In many cases, there is no desire for interoperability.
Quite to the contrary, there are clear strategies aimed at

not being interoperable in an attempt to lock in a user base,
i.e. prevent users from seamlessly moving between

information environments”

Legal barriers can hinder interoperability. Participants
reported national regulations that limit or prevent any data
exchange:

“exchange of data via ingest or export from other
institutions outside of a ‘national’ umbrella is strictly
limited or forbidden. This is true today for many EU

countries like Denmark, Sweden and Norway”

This particular point has also been raised in previous sur-
vey [14] and was later addressed by the same author in detail
[15]. Apart from this, the copyright holders define signifi-
cantly the level of access and intellectual property laws hin-
der an open or public access:

“We rely on the personal permit of copyright holders.
National libraries can’t or do not offer free access to the

collections.”

Last, the approach to establish or handle interop-
erability seems to differ. For example, different perspec-
tives between traditional librarians and web archivists were
reported as a barrier to collaboration and interoperation be-
tween the two communities:

“there is sometimes a reluctance by the traditional library
people to embrace web technology: harvesting and free text

search versus a well controlled and high quality library
catalog.”

Furthermore, communities often define interoperability based
on the specific systems they wish to interoperate and then
define an approach to establish it, which is tailored to these
systems:

“Often times, communities that are keen to achieve
interoperability come at it from a perspective of determining

which ‘systems’ need to be interoperable [...] This kind of
system-to-system interoperability can effectively achieve

desired interoperability levels among the targeted systems
but leaves all other information environments unaffected

and unable to benefit from the interoperability investment.”

4.4 Suggested solutions & improvements
Several suggestions to overcome current barriers and achieve

better levels of interoperability have been proposed by the
participants as possible solutions or improvements.

Clear Legislation and policies regarding the ex-
change of data/metadata: An essential change would
be clarity in national legislations regarding the exchange of
data/metadata because it seems to be a grey area in many
countries that makes the institutions more reluctant to ex-
change information.

“Today many believe a precedence has been set for this
through the efforts of the Linked Open Data community
(LOD) in Libraries, Archives, and Museums around the
globe but in fact it is still a gray area in many countries

making national institutions hesitant to exchange
information regarding their holdings. With clarity on this

front, the global archival community could work more
closely and in partnership on capturing and preserving

representative samples of the Web.”

Standardisation: Regarding standards there seem to be
a diversity of opinions. On the one hand, there is the be-
lief that new, better, global and well-defined standards are
needed, to handle interoperability limitations. For example,
it should be very clear to institutions what is the minimum
metadata information to be included in a single item:

“Defining a set of global standards and protocols for the
exchange of this data will need to be ironed out including
what minimal information must be contained in the core

information package.”



On the other hand, there is the belief that there is not re-
ally need for new standards, but there should be a consensus
on which standards to use and then conformity with them.
Furthermore, an initiative that would somehow necessitate
the use of specific current standards would be beneficial.

Implementation & other developments: Even though
the current standards seemed to be sufficient, the need for
tools to implement them was also suggested:

“development of tools implementing current standards”

Further technical changes that are said to be supporting
are the use of common APIs for search and retrieval and a
central aggregation service that could bring all the informa-
tion from several collections to the user. For example:

“we need to have common APIs for searching and
retrieving content and metadata”

People’s and communities’ involvement: Commu-
nities and individual people are also said to play a part in
this direction. The different communities should collaborate
and be more involved in each other’s activities so that their
particular needs are also taken into account. For example,
the web community could be more involved in the digital
preservation community to ensure that web archiving needs
are considered in the development of digital preservation
standards:

“it is necessary to be involved in the wider digital
preservation community in order to ensure that web

archiving needs are taken into account by main digital
preservation standards (eg METS or PREMIS)”

Involved people are also said to be influential because
sometimes their community may significantly influence their
perspectives. As mentioned previously, web and library world
seem to have different and even controversial priorities some-
times and therefore, people with broader knowledge should
be involved in the interoperability efforts:

“Different cultures: web people versus librarians. There are
few people who belong to both worlds.[...]the most pressing

need is the right kind of people. People who talk both
languages.”

Knowledge sharing is also another suggested important
path. Sharing the experiences of various interoperability ef-
forts, i.e. the successful stories, the failures and the prac-
tises that have been found to be best, would contribute to
improve methods, avoid mistakes, and use resources more
effectively. A consensus on the best practises and the shar-
ing of them would contribute in more and more institutions
joining and collaborating. This is not insignificant, since
several institutions, especially libraries, don’t have enough
financial or personal resources to invest individually on such
efforts. Therefore, an initiative or funded organisation to
provide support about technical and legal issues would be
also beneficial:

“As a institution financed by the university, public fundings
and by projects we can’t afford the costs for the technical

support we need for the preservation. This means, we need
an institution that helps with technical support. An
EU-based organization that offers help for legal and

technical questions”

Sharing knowledge should also include providing clear def-
initions and terminology about the digital preservation as-
pects.

Last, another recommendation suggests a different per-
spective, to consider interoperability from the perspec-
tive of the web infrastructure and implement it in terms
of web and independently, creating information interoper-
ability and diverge from system-based interoperability:

“tackle interoperability not from a repository, digital library
perspective but rather from the perspective of the web

infrastructure. Assets in archives and digital libraries are
web resources with URIs. If interoperability for such assets
is required, define and implement it in terms of the web.”

4.5 Interoperability perspectives
The responses of the first round revealed another dimen-

sion of interoperability based on the perspective that is con-
sidered. From this point, two different perspectives can be
distinguished:

System Interoperability (or system-to-system interop-
erability) that is probably the most traditional and common
perspective which communities tend to follow. It is the per-
spective of defining interoperability based on which systems
are desired to interoperate. This perspective might be quite
successful but it is limited to the particular targeted systems:

“This kind of system-to-system interoperability can
effectively achieve desired interoperability levels among the

targeted systems but leaves all other information
environments unaffected and unable to benefit from the

interoperability investment.”

Information interoperability is about putting the fo-
cus on the information itself and making the information
interoperable with different systems. It is the perspective
of considering interoperability not from the perspective of a
digital library, repository or any other information environ-
ment but rather from the perspective of web infrastructure
instead:

“An approach that yields better return on investment is
based on achieving the desired level of interoperability by
specifying and implementing it in terms of the existing
infrastructure (the Web and its fundamental building

blocks): define the interoperability problem in terms of the
web and its primitives and solve it using those primitives,

web standards, widely embraced technologies. [...] Assets in
archives and digital libraries are web resources with URIs.

If interoperability for such assets is required, define and
implement it in terms of the web.”

4.6 Further challenges
Part of our research was to examine interoperability with

a view in the future. Therefore the participants were asked
about future challenges they consider. We include in this
category either the forthcoming changes that will put addi-
tional difficulties to interoperations or the challenging goals
that have to be considered in further steps. With respect to
this, four future challenges have been identified. It should
be noted in advance that not all of them are directly related
to interoperability, but primarily related to web archiving is-
sues. They are stated, nonetheless, on the one hand because



the interoperability of web archives is significantly depen-
dent on web archiving strategies, and, on the other hand, to
support further web archiving discussions and developments.

Interoperability of the content: While current efforts
aim on the interoperability of the systems to enable search,
access, and transfer of resources, future attempts will focus
also on the interaction of content. The vision could be a
seamless web of archived content.

“The most immediate challenge I see is the need/desire to
start looking at web archives and digital libraries not only

as a collection of resources with URIs but also as big
datasets. This means that, not only will it be important to
be able to have interoperability expressed in terms of URIs,

metadata but also in terms of content.”

New players with different systems, needs, and tools are
emerging in the field of web archiving:

“However, new actors are emerging, eg research labs or
private companies that may use specific tools and/or are

not experienced with the necessity of respecting standards.
[...] So there is a strong need: - to promote standards

towards new actors in web archiving”

The increasing efforts to archive as much of the web as
possible combined with the immense growth of the web will
lead to an explosion of the amount of web data to archive:

“Furthermore, the volume of data has exploded to 500TBs
to PBs of data per crawl of the Web.”

New and complex media and web resources (Web
2.0, Social Media, etc.) demand enhanced methods for web
preservation. For example:

“The problem of preserving social networks. For example,
Facebook is, for the moment, a very important

communication tool in the literary field, but because of the
legal obstacles it is impossible to archive Facebook-pages (it

would be only possible, if it would be possible to cut all
comments and posts from other authors than the

rightholder).”

5. RESULTS FROM THE SECOND ROUND
In the following, we summarise the results of the second

round of our Delphi study. In this round, each panellist
received the group response, structured as closed type ques-
tions, and was asked to evaluate it. Therefore, participants
had the chance, on the one hand, to revise or confirm their
own original answers, and on the other hand to read and
consider the other panellists’ views. They were also given
the option to add comments and, therefore, the chance to
object, clarify, complete the existing statements or add a
new one. Due to constraints of questionnaire research, we
focussed the second round on the five core aspects: pur-
poses, barriers, suggested solutions, further challenges, and
perspectives of considering and realising interoperability in
web archives and digital libraries.

We asked for agreement regarding the identified purposes
on a four point Likert scale from “Strongly disagree” to
“Strongly agree”. Each of the identified purposes was agreed
by at least five of the six participants. Two times, a par-
ticipant answered with “I can’t say”, and one participant

disagreed on replication as a purpose. In summary, we as-
sess the purposes as verified. Minor trends can be identified
in the differences of strong and normal agreement. Fed-
erated access and federated search got stronger agreement
than exchange and replication. Also the interoperability of
metadata got stronger agreement than primary objects.

The barriers were evaluated with four point Likert scale
from “Not a barrier” to “Extreme barrier”. Additionally, the
participants were asked to evaluate them separately from
the point of view of an individual organisation (e.g. a single
library) and of the community as a whole. Verification of an
identified barrier had to be negated if it was assessed as“Not
a barrier” for both cases of single organisation and entire
community by at least one participant. Based on the results,
all identified barriers were verified except the competition
among current standards, and the unwillingness of institu-
tions to invest in standardising. Furthermore, we evaluated
the consistency of the group responses through analysing the
standard deviation for the verified barriers. Thus, we can
estimate the agreement among the participants for each bar-
rier. The responses were most consistent for the barriers of
lack of resources (in the organisation), and different perspec-
tives and priorities between different communities. The least
agreement among the participants existed for a lack of agreed
standards, and the barrier of locked systems & no desire for
interoperability. In general, the responses for the commu-
nity perspective were more consistent than for the view of a
single organisation. Furthermore, the impact of the barriers
was in most cases higher for the community perspective than
for the organisation’s view. The strongest barriers from the
view of a single organisation are the lack of resources (in the
organisation), different implementations of the same stan-
dard, and intellectual property laws. The strongest barriers
on the community level are limited or forbidden exchange
of data outside national borders, lack of resources (in the
organisation) and intellectual property laws.

Next to verifying the suggested solutions to overcome
existing barriers, they should also be assessed regarding their
efficiency in order to deduce recommendations which solu-
tions may be prioritised. Efficiency consists of the ratio of
the impact of the solution to the effort to realise the solu-
tion. The impact was measured through the evaluation of
effectiveness on a four point Likert scale from “Not effec-
tive / Not a solution” to “Very effective”. The effort was
measured through difficulty on a five point Likert scale from
“Very easy” to “Very difficult”. All the identified suggestions
for solutions were verified. One participant rated consen-
sus on current standards and conformity and foundation of
central organisation that provides support for technical & le-
gal issues with “Not effective / Not a solution” but did not
assess it as “Not a solution” in the difficulty measure. There-
fore, we deduce that he assessed the solution as not effec-
tive but verified it as a generally possible solution. In order
to provide recommendations about the identified solutions,
the average effectiveness and average difficulty for each so-
lution were calculated and plotted in a portfolio (see figure
1). Three clusters can be identified:

1. Highly recommended solutions: A line was drawn
from “somewhat effective” and “very easy” to “very ef-
fective” and “difficult”. Solutions in the sector above
the line are considered as very efficient because their
estimated effectiveness is higher than the required ef-
fort to accomplish. The most promising solution is



Figure 1: Portfolio of suggested solutions: (A) Consensus on current standards and conformity with them;
(B) Initiatives / projects to necessitate the use of current standards; (C) Enhancement of current standards;
(D) Global & well-defined standards; (E) Development of new standards; (F) Promotion of current and new
standards; (G) Development of tools that implement standards; (H) Common APIs for search & retrieval;
(I) Central aggregation service; (J) Sharing experiences, best practices & successful stories; (K) Consensus
on best practices; (L) Clear definitions & terminology about digital preservation; (M) Foundation of central
organisation that provides support for technical & legal issues; (N) Clear legislation & policies for the exchange
of data / metadata; (O) Define interoperability from a Web infrastructure perspective instead of a system-
to-system perspective; (P) Better collaboration and stronger involvement of related communities to each
other’s activities; (Q) Involvement of people with broader knowledge / experience, not individually confined
to community aspects

thereby sharing experiences, best practices & success-
ful stories.

2. Recommended solutions: A line was drawn from
“Somewhat effective” and “average difficult” to “very
effective” and “very difficult”. Solutions that lie above
this line and below the sector of highly recommended
solutions can be assessed as efficient because their ef-
fectiveness still justifies their effort. It is notable that
most of the solutions that are related to standards are
located in this sector (A, C, D, E, F, and G).

3. Inefficient solutions: Solutions in the third sector
can not be assessed as efficient because their effective-
ness is much lower than the probable effort to realise
them. With a central aggregation service and a foun-
dation of central organisation that provides support for
technical & legal issues, it is striking that the only two
solutions that suggest a centralised service or institu-
tion are located in this sector.

Further challenges for the future were evaluated on a four
point Likert scale from “Not a priority” to “High priority”
and the alternative option of “Not a challenge”. Each chal-
lenge was rated at least with “Low priority” by all partici-
pants, and, thus, the four identified challenges were verified.
The average priority of each challenge was above medium
priority. The increasing complexity of web resources was
considered as the most pressing challenge.

The last part of the second round’s questionnaire aimed
at a comparative evaluation of system-to-system interoper-

ability and information interoperability. None of the partic-
ipants questioned the general applicability of the perspec-
tives, and, therefore, it can be considered as verified by the
participants that both are possible ways to establish inter-
operability. However, the answers to the comparative part
were quite heterogeneous, and do not allow the identification
of a clear trend.

6. DISCUSSION
In this section, we discuss the results of our Delphi study.

As a first result we identified several purposes or use cases
that demand interoperability. The reasons for interopera-
tion of web archives and digital libraries can be generalised
into two aims. On the one hand, the user should be able
to have access to collections or individual resources that are
archived in one or more distinct repositories regardless of
their location. This can be carried out by federated search,
federated access, and through the exchange of objects in or-
der to create a new collection. On the other hand, interop-
eration is required to establish the replication of objects into
different locations, and, thus, reduce the risk of loss caused
by several threats [2]. However, the identified purposes of
interoperability were not as manifold as we expected. For
example, interoperation that is necessary for sophisticated
analysis on web archives, e.g. link analysis [22], as well as
any interoperation demands for the ingest of new digital con-
tent into a web archive or digital library has not appeared
in the participants’ statements.

Additionally, we identified several benefits that are con-



nected to interoperability. Thereby, the interdependence be-
tween collaboration and interoperability become apparent.
For example, the common agreement on specific standards
for interoperation facilitates collaborative efforts for the de-
velopment of tools as well as the knowledge exchange re-
garding common problems. This in turn facilitates higher
levels of interoperability.

The identified barriers and solutions are connected by na-
ture because a solution (or improvement) addresses one or
more barriers. Therefore, the categories we identified are
also similar for both. However, when we compare the iden-
tified barriers and solutions with the existing interoperabil-
ity models from the beginning of this paper, two peculiari-
ties have to be noticed. Firstly, perspectives that include
also higher levels, e.g. the organisational level, seem to
be more appropriate to consider interoperability for web
archives and digital libraries. Thereby, a lot of problems
on lower level can be addressed through further standardi-
sation efforts while this is hardly possible on higher levels,
e.g. the lack of knowledge or fears in the organisation. Sec-
ondly, a perspective or level that focuses on legal issues is not
mentioned explicitly in the presented models while it can be
highly restrictive for interoperability attempts. Therefore,
existing models for interoperability should be adapted in
order to emphasise the importance of legal considerations,
especially in the domain of web archives and digital libraries.

Another important finding is the identification of differ-
ent ways to understand interoperability, and, thus, to es-
tablish the interoperation between different systems. Inter-
operability is most commonly considered as a task between
two systems where both can take specific roles, for example
a provider and a consumer of data [4]. Thus, the require-
ments are derived from the interoperation task and the sys-
tems characteristics, and the interoperability may be specif-
ically adjusted to the corresponding systems even if the use
of standards facilitates the same or similar interoperation
with other systems. Contrary, the perspective of informa-
tion interoperability abstracts from the specific systems, and
aims on the provision of data as entities that support un-
determined uses. Therefore, the entity must comprise or
link all information necessary for processing in an undefined
scenario.

In the second round of the study, almost all the results
from the first round were verified and the evaluation allows
further findings: Federated search and federated access to-
gether with the exchange of the metadata seem to be more
present as interoperability purposes than the replication and
the exchange of primary objects. The barriers that hinder
or prevent interoperability are manifold. The most salient
are the lack of resources to establish interoperability, differ-
ent implementations of standards even if the same standard
is used, intellectual property laws and limited or forbidden
exchange of data outside national borders. They show that
interoperability is dependent on organisational, legal, and
technical aspects with little or no indication that one as-
pect may be more important than the other. The evalua-
tion of suggested solutions revealed that the most promising
are these that comprise involvement or knowledge sharing
of the community like sharing experiences, best practices &
successful stories, involvement of people with broader knowl-
edge & experience, clear definitions & terminology, and bet-
ter collaboration and stronger involvement of related com-
munities to each other’s activities. On a lower level but still

recommendable is the majority of solutions that are related
to standards and tool development. However, the creation
of centralised services or support institutions can be hard
to recommend because the estimated impact does not legit-
imate the expected effort.

7. CONCLUSION
The Delphi study, presented in this paper, revealed in-

sights regarding current problems, limitations, needs and
challenges that are encountered in today’s interoperations
(or efforts in this direction) among systems of the web archiv-
ing and digital library communities. The study was carried
out among a small, purposively selected group of people with
expertise on the topic, who shared their views and ideas,
adding a valuable input to the research. It offered a unique
contribution to the research field of interoperability, pre-
senting the current barriers but also suggestions for future
approaches, and can be a useful study for the communities
of web archiving, digital libraries, and digital preservation.

However, a limitation has to be taken into consideration.
The findings are influenced by the selection of experts. There-
fore, the same questions may lead to different results with
other experts. However, we did not aim on completeness,
and we consider it unlikely that such results would be con-
flicting.

Finally, it should be emphasised again that further studies
should be conducted in order to validate and to extend the
understanding of current and future interoperability aspects
for web archives and digital libraries.
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APPENDIX
A. FIRST ROUND’S QUESTIONS

All questions of the first round were formulated as open
questions.

• What in your view are the purposes of interoperability?
What problems or opportunities are addressed with in-
teroperability? Please reply with a descriptive answer,
if possible using scenarios that describe the purpose,
the partner institutions, and the systems that are in-
volved.
Think of problems that have been solved or problems that ex-
ist and require interoperability practices, problems that you
either experience directly or you can identify. Additionally,
think of benefits that occur from the interoperation between
systems/institutions.

• What are the main obstacles and limitations that prevent
or hinder interoperability?
(technical, political, organizational, management, legisla-
tion or other barriers)

• What changes or developments in the landscape would, in
your view, assist the interoperability of digital libraries and/or
web archives (and how)?
Think of technical changes/developments (e.g. standards,
frameworks, services), political or legislation changes, new
concepts etc.

• What do you consider as future challenges regarding inter-
operability of digital libraries and/or web archives?
Think about important problems that have to be solved, ob-
stacles to overcome, possible additional future barriers that
may occur due to forthcoming changes in needs, technology,
perspectives, legislation etc.


