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ABSTRACT 
In this thesis a framework for the development of Archival Information 
Systems are proposed. IT community and long-term digital preservation 
research has not addressed the development of digital archival tools. The IT 
community addresses Archives and digital archiving almost as a storage 
place aimed for backup services. Long-term digital preservation research has 
put efforts in metadata research, and in the use of different preservation 
techniques in order to preserve digitally stored information. Archival 
Information Systems are and their development is a natural part of the field 
of Long-term Digital Preservation. Archival Information Systems are aimed 
to receive maintain, support digital preservation issues and give access to 
digitally stored information. This digitally stored information consists in 
different kind of documents or records physically manifested in computer 
files, databases, etc.  
 
Archival Information Systems are a special kind of Information Systems. As 
every specialized kind of Information System, Archival Information Systems 
development must be preceded by a specialized way of thinking. This thesis 
proposes a specialized way of thinking, a framework, for the development 
of Archival Information Systems. The proposed framework is based on The 
Records Continuum Model and The OAIS Reference Model as major 
fundaments. The framework consists on six levels of substitutionality. The 
lowest level, the software, is prone to high substitutionality. The highest 
levels are constituted by The OAIS Reference Model and The Records 
Continuum as the highest. The framework is a theoretical approach to 
Archival Information Systems Development and explained in terms of 
epistemological and ontological for it. Some important epistemological and 
ontological principles for Archival Information Systems are: Dealing with 
Archival Information Systems is dealing with making digital recorded 
information accessible. Records are logical rather than physical entities. 
Records have continuing value by means of information exchangeability. 
Forward Compatibility is achieved by means of open attitude and open 
standards. Accessibility and long-term preservation is stretching the 
longevity of records across time-space.  
 
This framework had been evaluated theoretically based on the expertise 
from Information Systems developers working in archival organisations and 
long-term digital preservation issues. This evaluation show strengths and 
weaknesses in the framework and the need of further development of it, 
and calls for putting forward efforts in deeper research of the framework, 
Archival Information Systems and long-term digital preservation issues. 
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FOREWORD 

 
Festina lente 

Caivs Jvlivs Caesar Octavivs Avgvstvs, Roman Emperor - 27 b.C. to 14 
a.C. 

 
I became involved in the LDB Project1 as a doctoral student with the 
mission of making scientific research on technical aspects which can makes 
possible to fulfil some of the goals stipulated by the project. This work has 
been carried out as an “umbrella” thesis containing three papers presented 
and defended in different international conferences and different articles 
published in different scientific journals. 
 
Almost one year after I commenced my doctoral studies I began to realize 
the breadth and depth of the field. I really did not believe that this area 
could be as vast, in breadth and depth, as it is! And the connection between 
breadth and depth raises a very high complexity of the field. Some efforts 
have been done and some achievements have been reached. Still remains 
enormous mounts of work to be done in the area before we might say that 
we have secured our information heritage to coming generations. I order to 
accomplish this mission for human kind; it comes to my mind the motto of 
the roman emperor Caius Julius Caesar Octavius Augustus who coined the 
motto “Festina lente” or “hurry slowly”. I am convinced that we need to hurry 
in developing or finding solutions to most of the urgent problems in the 
area. However our efforts must put be very cautiously and thoroughly in 
order to avoid losing of cultural heritage and at the same time, avoid 
committing the errors that led to the problems we are tying to solve. 

                                                 
1 LDB – Swedish acronym for Långsiktig Digitalt Bevarande – Long-term Digital Preservation. The 

LDB Project <http://www.ldb.ra.se> 

http://www.ldb.ra.se
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CHAPTER 1 

INTRODUCTION 

Background 

What are the implications of IT in the archival world? I think it was perhaps 
one the questions the former county governor Kari Marklund, asked himself 
in order make a proper inquiry that should answer major questions about 
the role of archives in Swedish public offices. This inquiry Archives for 
Everyone – Now and in the Future (2002), points out that IT has have a very 
impact in the creation and use of digitally stored information in public 
offices and in society. The inquiry makes aware about technical and juridical 
implications connected to the use, creation and distribution of digitally 
stored information. The answers are really not deeply explained and open 
for a deeper investigation in that matter. For this reason, the inquiry 
suggests the creation of a research and development unit that could give 
more extent answers in that field. The argument for that is because in 
Sweden, institutions under governmental supervision have, by law, 
compulsory archiving duty. This implies that important material created by 
institutions under governmental supervision has to be archived and not only 
paper but also material stored in digital format. This material, when 
archived, is administrated by The Swedish National Archives (Swedish: 
Riksarkivet), an institution which has the following overall objectives: 
 

• to provide the public with the means of gaining access to public 
records,  

• to secure information for judicial and administrative purposes and  
• to provide documentation for purposes of research. 

 
The Swedish National Archives has also authority over other public offices 
in order to monitor that the Archival act is accomplished. These objectives 
have its roots in a very long Swedish tradition of public offices openness. 
This openness is also called the principle of access to official documents and is one 
of the pillars of the Swedish Constitution namely the Swedish Freedom of 
the Press Act. In Chapter 2, Article 1, of the Swedish Freedom of the Press 
Act is to be read:  
 

"To encourage the free exchange of opinion and availability of 
comprehensive information, every Swedish citizen shall be 
entitled to have free access to official documents." “In order to 
guarantee an open society with access to information about the 
work of the Riksdag (Sweden's legislative assembly and supreme 
decision-making body), Government and government agencies, 
the principle of public access to official documents has been 
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incorporated into one of the fundamental laws, the Freedom of 
the Press Act. This openness gives the Swedish people the right 
to study public documents, a right which may be exercised when 
they so wish”.  

 
For instance an e-mail sent to the Prime Minister of Sweden is a public 
document and therefore accessible to the public and object for archiving. 
 
The Freedom of Press Act was introduced in 1766 during the regency of 
King Gustav III. It was the first in the world. This Act abolished censorship 
except in theological publications and introduced an extensive freedom of 
press (books, newspapers, magazines, etc). King Gustav III restricted this 
act 1774 and more restriction followed until 1809 when the soul of the act 
from 1776 was reintroduced with a new law 1810. A new and better Act was 
introduced in 1812 which remained until 1949. This Act is the actual Act in 
our days (NE). 
 
In order to scrutinize authorities in their execution of their charge, all 
documents sent and created by them have to be kept and preserved by 
some archival organisation. The Swedish National Archives were founded in 
1618 as an independent institution within the Royal Chancellery. Because of 
its custodial responsibility for all the official documents from every 
governmental institution, the Swedish National Archives took the initiative 
of creating a research and development unit in the field of digital archiving. 
Together with the Municipality of Boden and Luleå University of 
Technology, these three institutions, started a project in called The Long-
term Digital Preservation Project. 
 

The LDB Project 

As mentioned The Swedish National Archives, Luleå University of 
Technology and the Municipality of Boden in Sweden during the autumn of 
2003 have started The LDB Project, which should address the long-term 
preservation of digital material. The project aims to: 
 

• to develop methods and routines for digital archival 
• to develop technical platform and standards for data interchange 

and mass storage of digital information 
• to survey old IT-systems within the public service institutions and 
• establish a centre of excellence in the area of long-term digital 

preservation. 
 
The project has last for three years and had three major activities in order to 
increase consciousness, and create premises to solve the major problems 
coupled to long-term digital preservation. 
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The major activities for the LDB project are: 
• Systems Development. This primer aim for this activity is to develop 

methods and techniques for digital archiving in the public service 
archiving sector. Efforts are done in: how information is “prepared” 
and sent to archival authorities, how archival authorities archive and 
administrate electronic records, and how long-term archived 
information should be accessible for the public, now and in the 
future.  

• Research. The most important aim for this activity is to enrich the 
project with new knowledge about issues in long-term digital 
preservation and related activities. 

• Networking. The project will establishes an expertise base in the area 
of long-term digital preservation. The idea is to offer public service 
organisations, authorities and private enterprises a creative and 
focused knowledge and research environment, aimed to co-
operation, consultative and education in the area long-term digital 
preservation.  

 
I am taking part in the project as a doctoral student in issues concerning 
research. The project has, as a consequence of successful outcomes, 
established a national competence agency in the areas of digital archiving 
and long-term preservation. This agency should be the natural axle in the 
area of long-term preservation, will guide authorities and other organisation 
in digital archiving issues. 
 
To increase the possibilities in the area of long-term digital preservation, 
towards broad and general achievements, Archive Science needs to learn 
from sciences in the area of IT. During the first months of the project, 
people working within realized that some starting points were necessary. 
The LDB Project took impression of the article of Lavoie & Dempsey 
(2004) Thirteen ways of looking at … digital preservation. The article points out a 
set of postulates of the area of long-term digital preservation. Some of them 
have become stances to begin the activities of the project. The first 
postulate is that one can look at Digital preservation as...one of many options. 
Dealing with digital stored information implicates a choice between printing 
out all data in a paper carrier and keeping the data in a digital format. The 
LDB Project chooses the digital format. The second postulate is seen as the 
most important: one can look at Digital preservation as...an ongoing activity. 
Digital preservation must never stop. If it stops, then we are sure that we 
will create a black hole in our societal history. 
 

Digital Preservation – A Prerequisite for Accessibility 

The title of Marklunds inquiry, the Swedish legislation and the aim of 
archives implies almost explicitly access to digitally stored information (but 
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also in paper) within an unknown future. The impression that maybe one 
might gets from the description of the LDB Project above, is that the 
project is only going to work with the preservation and preservation 
activities of digitally stored information. However preservation without 
access is just storage. Conceptually the components of digital preservation 
might be depicted as in the figure below (Figure 1): 

 
Figure 1 – Digital Preservation Components 

The preservation objects are those to be archived. These objects are 
physically compound by set of files in maybe different formats. The objects 
logically are compound by data – the content for instance birth date of a 
person, and metadata – that should describe the context when the birth date 
of a particular person was used. The preservation organisation is a custodial 
organisation such as an archival institution that, through archivists, takes the 
responsibility of preservation planning, setting up strategies and adopting a 
preservation and access philosophy. (Dollar, 1992, 2000) The preservation 
tools are technically built Archival Information System and records 
management systems. Archival institutions has called for long-term digital 
preservation due to obvious legislative responsibilities but also for problems 
associated to the digital environment (Marklund, 2002). The LDB Project 
and its activities, and consequently this thesis, are the reply to that call. 
 

A Digital Phenomenon is Identified 

The use of computers and computer technology has become to change 
several conditions in society during the latest decades. This revolution or 
evolution, what it might be called, in information technology has evolved in 
an unforeseen pace. People had used these artefacts for information 
exchange and dissemination. As a consequence large amounts of digital 
information have been created. Information stored and accessed by using 
computerized systems. Theses computer systems are used in homes, public 
offices, industries and any kind of enterprises. The information accessed by 
and flowing through networks of computer systems might be some times 
very critical in order to support business activities. The information has 
been, is and will be necessary to support, give evidence to many of our 
everyday activities. This technical evolution has created several problems. 
Some of those problems are described below. 

Object/s 
to be preserved 

Preservation 
Organization Preservation 

Tools 
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Accessibility Problems 

The development of computers, the development of newer software, the 
implementation of different versions of the same software, the existence of 
different platforms and operating systems, have caused different formats, 
incompatibility in versions and platforms. A big amount of existing digital 
material, produced just some years ago, is not readable with today’s 
software. Another part of this problem is known ad “software and hardware 
obsolescence” Hedstrom (1998).  
 

Availability Problems 

Most of institutions in western societies are shifting between paper based 
media to digital media. This change was not preceded by a strategy for long-
term preservation. This phenomenon can be explained in terms of lack of 
knowledge and experience handling digital material (Dollar, 2000). Besides, 
no one could foresee the speed and complexity of the evolution of 
computers and software. Digital material, produced in certain platform, with 
certain application, certain version, in certain format, needs to be 
transformed (converted) to newer digital material to be accessed in order to 
retrieve the stored information. Another way of retrieving stored 
information is to simulate (emulate) the software (and the platform) in 
which digital material has been produced. In either those ways some 
information can be lost and the information retrieved may not be reliable 
(Dollar, 2000). This problem can be derived from: 
 

• Lack of (or if there is any, it maybe poor) information about the 
information to be retrieved (metadata). 

• Lack of (or if there is any, it maybe poor) a strategy in order to bind 
metadata to digital material during the process of production. 

 

Storage Media Problems 

Storage media has also “suffered” similar development as software and 
other hardware. Modern PC might be equipped with DVD-ROMs, hard 
disks, flash memories, tapes, etc. Older pc where equipped with 5 and/or 3, 
5 inch floppy disks units. A very common storage medium is the CD-ROM. 
This medium has a calculated life time of about 10-15 years. This means 
that information stored in a CD-R must be transferred to a new unit of 
storage medium before the CD-R began to lose information. Several kinds 
of storage media such as SyQuest disks, 5’ floppy disks, have practically 
disappeared from, and are not longer available on the market. The same 
destiny has several kind of hardware suffered such as the Amiga and NEXT 
computers. There are several kinds of storage media, such as hard disks, 
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compact disks (CD, DVD), magnetic tapes, magnetic disks and static 
memory (Flash memory). Every kind of these media has an expected 
lifespan (ZD Net Australia, 2002).  
 

Media Lifespan 
Hard disk 3-6 years 
Magnetic tape 10-20 years 
Optical disk 10-100 years 
Magnetic disk 1-5 years 
Static memory 50-100 years 

Table I – Storage media longevity 
 
From the table above it is easy to conclude that all data must be transferred 
to another media in approximately 3 to 100 years, at least once. It has also 
been noticed the deterioration of storage media, especially compact disks, is 
caused by fungal attack, a biological deterioration of storage media. 
 

Hardware and Software Dependency 

There is a clear difference between dealing with digital material and paper 
based material. Traditionally data has been printed on paper according to 
some format making the data readable at first sight. Shifting to another kind 
of data carrier (magnetic optical, disc, etc.) reduces readability because the 
following two reasons. Firstly, in a conventional hard disk data is stored by 
“magnetic” points on the surface of the disk. The distance from point to 
point is so small, that it is impossible for the human eye to read the stream 
of magnetic points on the disk. Hardware is needed to facilitate the 
mechanical access to the stored data. Secondly, even if we could read the 
optic stream on the disk (by using a very strong microscope) we are unable 
to understand the meaning the optical (bit) stream1. A bit has a single binary 
value, either 0 or 1. A bit stream2 is a contiguous sequence of bits, 
representing a stream of data. But what does a bit stream represent? A bit 
stream could represent different things, as described in Rothenberg (1999) 
(Figure 2). 
 
Making an analogy to the use of alphabetical symbols like the symbol “A” is 
readable and (at least in western cultures) understandable, but this is not the 
case for a bit stream. An interpretation facilitator (software) is needed in 
order to render the “meaning” of bit streams.  
 

                                                 
2 Bit is short for binary digit and makes up the smallest unit of data in a computer. A bit is a magnetic 

point on the hard disk. 
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Figure 2 –What a bit stream represents. 

Solving the Problems of Digital Preservation 

The problems outlined above are today well identified and acknowledged. 
The name that is given to solving those problems is Long-term Digital 
Preservation. Several projects and institutions around the world have taken 
on the challenge and are working on finding sustainable solutions to the 
problem. Simplified can be said that the techniques used in long-term digital 
preservation are kwon as Migration and Conversion, that is transforming 
(altering manipulating) the original bit stream (Hedstrom, 1998), Emulation 
that is “simulating” obsolete hardware and software in newer platforms by 
keeping the original bit stream intact (Rothenberg, 1999) and Encapsulation 
that is keeping the original bit stream surrounded by preservation metadata 
(CCSDS, 2002). This approach might embrace both Migration and 
Conversion and Emulation. 
 
The field of Lon-term Digital Preservation is growing. There is some 
amount of ongoing and finished projects as well as established centres of 
competence addressing Long-term Preservation issues. The project covers 
not all but just some aspects of this complex field Below I list some projects 
that have had influence in my approaching to Long-term digital 
preservation. Covering the whole field of long-term digital Preservation 
would be far too extensive. In appendix 1 is to find a long list of Internet 
resources I have been using during this work. 
 

• The LDP Centre – Established by the LDB Project, needs no further 
presentation. Responsible for long-term digital preservation issues 
of the Dynamic Action Plan which was elaborated by the National 
Representatives Group (NRG) a network of European Archives. 

• InterPARES. The International Research on Permanent Authentic 
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Records in Electronic Systems. InterPARES 1 was carried out 
between 1999 and 2001 and focused on the preservation of the 
authenticity of records. InterPARES 2, initiated in 2002 will be 
completed in 2006. Aims it investigate the issues of reliability and 
accuracy of records, from creation to permanent preservation. 

• CEDARS. Curl3 Exemplar in Digital Archives, carried out between 
1998-2001, aimed to investigate strategic, methodological and 
practical issues and provide guidance in best practice for digital 
preservation.  

• CAMiLEON. Creative Archiving at Michigan & Leeds: Emulating 
the Old on the New. Initiated in 1999 (from CEDARS) aimed to 
focus on how catch the “look and feel” and the intellectual content 
of digital object. Advocates Emulation as technical preservation 
strategy. 

• ERA. Electronic Records Archives. A long-term project ongoing 
from 1997 and will be ended in 2007. Founded by the National 
Archives and Records Administration (NARA) in the USA accounts 
a huge budget (over 300 million US Dollars). In near liaison with the 
San Diego Super Computer Center, the project embraces the vision 
of preserving and giving access to authentic electronic records free 
from dependence on any specific hardware or software. 

 

Problems Solving the Problem of Digital Preservation 

Research in digital preservation has been carried out almost the last three 
decade and the major efforts have been put on metadata research 
(Ruusalepp, 2005). The research has been in connection to archives, archival 
organisations, libraries and a few more areas in which this particular 
phenomenon is studied. 
 
In order to solve the problem which is long-term digital preservation, new 
software has been developed. However, the development of software 
“solutions” (can we really talk about “solutions”?) has been ad hoc and/or built 
software does not rely in classical archival undertaking. Many of this 
computerized supporting systems has been named “Archival Systems”. 
Making surveys about Archiving systems and the development of this kind 
of software solutions, I could make some observations. A very peculiar 
observation was that: archiving systems are not developed and built as 
archiving systems should be developed and built. Below some examples that 
corroborate my statement is given: 
 

“The development of PANDORA4 as a web archiving system 
                                                 
3 Curl is acronym of Consortium of University Research Libraries in the British Isles 

4 The name PANDORA is commonly used as the name for the National Library of Australia's web 
archiving initiative, as in PANDORA : Australia's Web Archive 
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commenced as a 'proof-of-concept' project; that is, as a practical 
rather than theoretical undertaking. This meant that practical 
procedures involved in archive building were adopted as they 
became possible at the same time as the technical infrastructure 
was developed.” (Koerbin, 2004). 

 
From this quotation is necessary to emphasize that the developed archiving 
system has “no theoretical undertaking”. This should mean that when 
developing this piece of software, problems confronted, where may be 
solved during coding-time. Is not constructive to say that such approach 
was “bad”, I think is better to say that that was just another approach, 
maybe a very pragmatic way of dealing software development. Anyway this 
approach is very typical for an “ad hoc” approach to solving problems and 
might lead, as experienced, to “unexpected side effects”. In the document 
Template Archiving and Purging Requirements within the e-book www.IT-
checklists.com is to be found: (IT-Checklist.com)  
  

“We don't know now how long we need to keep the archived 
data, IT must keep them until we will tell them to remove old 
data. 
… 

• for backup and recovery purpose: 
o Recovery Point Objective (RPO): maximal 

acceptable loss of data … 
o Recovery Time Objective (RTO): Time to restore 

operations for different level ("incident”,” disaster") 
• for archiving and restore purpose 

o Requirements for Retention Period per data type 
o Requirements for restore of archived data and 

access to the restored data …” 
 
This large quotation refers to a template for archiving requirements. This 
template may be used as a guideline when preparing data to be “archived”. 
From this quotation there are a couple of important observations to be 
analyzed: The first one is “to remove old data”, the second is “for backup 
and recovery purpose” and the third is “for archiving and restore purpose”. 
From this particular quotation is to be realized that archiving is (almost) the 
same just storage. One might store data and use it for (in the text) the 
identified purposes. This difference is also outlined by William Roberts 
(2004) from the vendor Tessella Support Services PLC. 
 
A definition of Digital Repositories follow (RLG, 2002): 
 

“A trusted digital repository is one whose mission is to provide 
reliable, long-term access to managed digital resources to its 
designated community, now and in the future.  ... 
Whatever the overall infrastructure, however, to meet 
expectations all trusted digital repositories must  

http://www.IT-checklists.com
http://www.IT-checklists.com
http://www.IT-checklists.com
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• design its system(s) in accordance with commonly accepted 

conventions and standards to ensure the ongoing 
management, access, and security of materials deposited 
within it;” 

 
The third quotation implies that a “repository system” is to be considered as 
an archival system because the description of this repository system is 
almost the definition of an Archival System. The term “repository” is a 
synonymous for “depot” or “storehouse”. Is meant in that case that an 
archival system is just a depot? A storage place for digital files? 
 
In (Ruusalepp, 2005) it is shown that the fundamental design of digital 
archival systems has remained unchanged during the last decades. This 
observation should be obvious considering the examples above. Besides the 
observation was made during a survey about digital preservation issues, in 
which digital archives and archival systems was a part of the survey. Clearly 
software developers were approaching the development of this kind of 
systems in a traditional way. That means that the Information Systems 
(archival systems) do not deal explicitly with long-term issues of the 
information to be kept, accessed and retrieved in such Information System. 
The reason for stating that is because in traditional Information Systems 
development the long-term access of digitally stored information is not 
considered.  

Remarks on Definitions and Concepts Used in the Thesis 

As experienced to this stage there are several concepts that already are used 
in this thesis. All of them are somehow defined in literature. Is very usual 
that some times different terms are used for the same concept or one term 
is used to describe different concepts. Furthermore, some concepts are near 
related to others and use slightly similar terms for its description. I use the 
same terms used by other authors at first chapters of this thesis and that 
may create a “scattered impression”. There are two central concepts used 
along this thesis the “what to be preserved” and the “tools that support 
preservation”.  
 
Digitally stored information is carried by different kinds of storage media 
and has different technical names such as files, databases. Conceptually 
digitally stored information is referred by terms such as records, documents, 
archival object, etc. Whenever I use those terms, I refer to the carriers of 
what to be preserved. The tools that support preservation are referred as: 
Archival Information Systems, Recordkeeping Systems, digital archives, 
Digital Repositories, Preservation Systems, etc. Whenever I refer to 
software with those terms, I refer to the software tools that support preservation. 
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CHAPTER 2 

RESEARCH OBJECTIVES, AIMS AND SCOPE 

The Thesis and its Context 

I need to make clear my starting point. My area of expertise was (and 
probably still is) the implementation of Information Systems, and in 
particular programming. I had a practitioners approach to the development 
of Information Systems having in mind the importance of information 
providing. In my view information and information providing was more 
important than the tools that handle it. Hence I choose to objectives of the 
LDB Project as the focus of my research. St the same time the context of 
the thesis became research within the LDB Project. The important goals of 
the LDB Project are important in my work, namely: 
 

• to develop methods and routines for digital archival 
• to develop technical platform and standards for data interchange 

and mass storage of digital information 
 
These two objectives of the LDB Project called my practitioner enthusiasm. 
The idea was then to, in a practical way, approach software development 
issues in order to deliver concrete solutions. My first focus of research was 
then preservation tools i.e. digital archiving systems identified as Archival 
Digital Information Systems. I had to admit that kind of challenges are 
often a dream scenario for software development practitioners: to develop 
something new, different unique and from scratch. Within the IT 
community the developed software is often called a solution. The goals 
pointed out by the project called for the delivering of software solutions. 
These solutions should be a part of a desired technical platform and also 
consist of functions for digital archiving. 
 
Having in account that long-term digital preservation seemed to be a new 
field in software development, I had to make a superficial survey about 
digital archives and long-term digital preservation in order to realize what 
was achieved until the beginning of my research studies and try to find a 
more concentrate or narrow research focus. I was very obvious that I 
needed help from The Swedish National Archives which already have been 
facing the problems of long-term digital preservation and the development 
of Archival Systems. Confronting the problems described above The 
Swedish National Archives has not taken any overall or general approach when 
developing digital archiving software. The approach has been very 
pragmatic in order to deal with technical demands under “run-time” and 
also from a traditional way of software development. This means that there 
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are in fact no long-term solutions, just short term long-term preservation 
activities. 
 
The aim of my research area is to give input from research activities to the 
LDB Project (later the LDB Centre) and increase the competence within 
this organisation. This input is in the field of development of software for 
digital preservation. It might be at this point necessary to take stand in some 
assumptions in order to expose my research question. The major 
assumption is: Archival Information System is a special kind of IS. Why? My 
statement is corroborated by the description of three different kinds of IS 
found in Management Information Systems by Marakas & O’Brien (2006). The 
descriptions are as follow: 
 

Process control systems monitor and control physical processes. 
Strategic Information Systems support operations or management 
processes that provide a firm with strategic product services and 
capabilities for competitive advantage.  
Enterprise collaboration systems involve the use of software tools to 
support communication, coordination and collaboration among 
the members of networked team and groups. 

 
It can be observed that the systems described above have different purposes 
and are used in different contexts. Besides these three descriptions, it can be 
found a large amount of literature that describes, covers and suggests 
implementation of other kinds of Information Systems. Obviously the 
existence of different kinds of Information Systems is well known and 
establish within the IT community and Information Systems research.  
 
Having in mind that an Archival Information Systems is a special kind of 
Information Systems, is then necessary to put the question if a special 
development method, model, methodology, thinking or philosophical 
framework, is needed for this kind of systems? The major research question 
that arises should be: How to develop Archival Information Systems? 
Considering the vast area of Information Systems Development it is 
obvious that I needed to reduce this research question in smaller pieces in 
order to find a more suitable research focus. This thesis is a small part of a 
very big whole, not only in respect of the context but also how much I can 
deal with and put in print. I can not give all answers to the problems 
coupled to digital preservation and access. I can not even give all the 
answers that should be necessary in the development of Archival 
Information systems. I will, in this thesis, concentrate my effort in 
answering some of the fundamental questions of how to develop Archival 
Information Systems.  
 
My starting point is the situation described in the earlier section, in which is 
showed that several parts of the IT community do not have an accurate idea 
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about Archival Information Systems (and perhaps its development) and the 
observation of Ruusalepp (2005) which shows that the fundamental design 
of digital archiving systems has been the same the last decades. These 
observations make me realize that Archival Information Systems and its 
development should rest on a special way of thinking; Archival Information 
Systems should be conceived within a specialized thinking framework. This 
in order to address correctly issues concerning the development and use of 
this kind of systems. The central research question for this thesis arises:  
 

• What kind of new thinking is necessary in the development of 
Archival Information Systems? 

 
But in which area of overall research is this question going to contribute 
with new knowledge? Hedstrom (1998) points out four areas, mutually 
dependant, of research within digital preservation. The areas are storage 
media, migration, and conversion and management tools. This thesis should 
contribute to the last domain. 
 
I had to admit that this issue is not really a “question” because the lack of 
Archival Information Systems Development thinking is not explicitly 
addressed in IS theory or not even in Archival Information Systems 
research5, either in long-term digital preservation research. I rather should 
call this “question” a research focus, but I put this as a question following 
the tradition of my institution. 
 
During my work bringing out this thesis, I realized, that the fundamental 
theories necessary to answer my research question where: Archival theory, 
in order to surround the context of the research question, Information 
Systems theory, in order to define and outline differences specific 
characteristics of Archival Information Systems and I examine the concept 
of records, in order to focus on the preservation objects (within Archival 
Information Systems). Questions, related to the central research question 
are:  
 

• What is an Archival Information System? 
o Is there any difference between “traditional” Information 

Systems and Archival Information Systems? 
o Are there different kinds of Archival Information Systems?  

• How are and how should Archival Information Systems be 
developed? 

o Is there any difference between the development of IS and 
Archival Information Systems? 

                                                 
5 An extent or well identified research in this field is almost inexistent. The field has been approach by 

Electronic Records Management. Author’s remark. 
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o In what consists of this difference? Is the difference about 
method, methodological, philosophical?  

o What is the state of the art of Archival Information Systems? 
 
Magoulas & Pessi (1998) states that every paradigm in Information Systems 
(theory, and at this point also understood as a framework) is explained to be 
compound of four principles: ontological, epistemological, methodological 
and organisational. I will concentrate this thesis on the ontological and 
epistemological principles of a framework for Archival Information Systems 
Development.  
 
The MDA methods is examined and presented very shortly, because of in 
this thesis no technical aspects of any Information System are covered, 
either addressing its conceptual or technical design. 
 

Structure of the Thesis 

This thesis is compounded by two parts. The first part is compound of 
seven chapters describing my approach to the development of Archival 
Information Systems and the second part is the compilation of three papers 
I wrote in order to carry out my research. The papers were presented in 
different international Information Systems conferences or related. The first 
chapter is the introductory section the field of digital preservation. In 
Chapter 2 I focus in the major research question to answer when the thesis 
is done. Chapter 3 is so to say, the method chapter in which my research 
journey is described. Chapter 4 is a theory chapter, in which are described 
the archival context, Information Systems, the OAIS Reference Model, the 
concept of record and the Record Continuum Model. Chapter 6 focuses on 
the fundaments for a new thinking, the framework that can be used in the 
development of Archival Information Systems. Chapter 6 gives an account 
of the empirical testing of the developed framework. Chapter 6 I outline 
and give arguments for my conclusions of the framework and also I put 
some methodological reflections. In chapter 8 I show the way to continue 
my research work and also show some observations made when carrying 
out this thesis. Chapter 9 is a compilation of the abstracts of the papers that 
can be found in part 2. 
 
 



 15 

CHAPTER 3 

EXPLORING THE FIELD OF LONG-TERM 

DIGITAL PRESERVATION  
Once upon a time there where a programmer, me... The day I finished this 
thesis I became something else. I think the change in this journey was 
caused by confronting different world views, theories, research schools and 
research approaches. My original practitioner’s attitude could be described 
as follow:  
 

“Computer programmers work with neither energy nor 
materials but with a more intangible concept. We are concerned 
with the capture, storage, and processing information. When the 
nature of our activities is more widely understood, both within 
our profession and outside, then we shall be deservedly 
recognized and respected as a branch of engineering”.  

 
These words were stated by C. A. R. Hoare already in 1983. Maybe the 
profession, two decades later, has developed in the way Hoare wished. At 
the same time this “engineerial” attitude reveals perhaps a traditional 
positivistic approach to science. Before I began my research studies, I was a 
university teacher in the subjects of programming, software engineering, 
formal logics, Human-Computer Interaction, Web development and also 
agent technology. Concepts as programming, programming languages, 
algorithm construction, program correctness, software testing, technical 
design of Information Systems, was and still are very familiar. Roger S. 
Pressman’s work Software Engineering – a Practitioner’s Approach (2003) has 
been a kind of starting point when dealing with the design of Information 
Systems and also a way of understanding its complexity. I was influenced by 
discrete mathematics and computation theory when dealing with 
programming languages, problem solving and problem abstraction. In the 
field of formal logics, an author that had enormous influence on me was 
Dag Prawitz and his book ABC in Symbolical Logic (1975). He presented for 
me the vast and fascinating field of theoretical logics and also introduced 
several thinkers such as Kurt Gödel, Gottlob Frege, Guiseppe Peano, 
Jacques Herbrand and Ludwig Wittgenstein. The work of these 
philosophers, logicians and mathematicians became a kind of “thinking 
ideal” for me.  
 
The objectives for the project pointed out a very “hands on” approach. The 
question was where to begin? Approaching software development was not a 
problem, I assumed. The first problem was dealing with a suitable model for 
at least a prototype for long-term digital preservation. The OAIS Reference 
Model (CCSDS, 2002) was given beforehand. A bottom-up approach was 
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considered as a viable way of developing a prototype for long-term digital 
preservation6. However, student projects, under my supervision, showed 
more complexity than expected. Questions as: What to preserve? When to 
preserve? Who should preserve and when should we preserve? were 
discussed (Bergstedt, et al., 2004), but also platform independency was 
argued (Bengtson et. al., 2005). The student projects confirmed issues that 
have been discussed for a long time within the long-term preservation 
research community. Addressing the issue of platform independence was, as 
I saw it, an issue connected with the implementation of the prototype in 
mind, quite clear. I saw as almost compulsory to deal with rather 
“philosophical” questions raised in Bergstedt et al. Addressing these 
question should be a matter  of a literature review. It was the first step to 
the intangible. 
 
What I did regard as the most important issue to deal with was what to 
preserve? The first paper in this thesis, The Information Life Cycle – Issues in 
Long-term Digital Preservation (Runardotter et al, 2005)7, addressed this issue. 
The paper was (and is) a positioning that answers what to preserve. The 
research process of this paper was a literature review. There is a large 
amount of literature about the concept of information. However in 
comparison, the amount of literature in the field of long-term digital 
preservation is relatively small. The process of critical selection of relevant 
literature was based upon parameters such as “well known writers”, 
“established perspectives and/or schools”, in order to address the key 
sources, key theories and definitions of the topic (Hart, 1998). 
 
Developing some “solution” and having a bottom-up approach showed, 
implicitly, an experimental research process. However at that stage I could 
observe two issues. The first was that the student projects showed 
complexity when trying to address some issues in terms of programming, in 
terms of software design but also in “how to think” when developing long-
term digital preservation software. The second were some conclusions in 
the first paper (Runardotter, 2005) that argued for the search of a deeper 
understanding of the development of software for long-term digital 
preservation. Consequently, I needed to reflect for a while about these two 
issues that have emerged independently from each other. A recollection on 
the stuff already studied led me to observe that, as already pointed out in 
earlier section (Chapter 1, p 10), that the fundamental design of digital 
archival systems has remained unchanged during the last decades 

                                                 
6 A paper later published later by Rosenthal et al. showed a similar approach. See: David S. H. Rosenthal 

Thomas Robertson Tom Lipkis Vicky Reich Seth Morabito. (2005). Requirements for Digital Preservation 
Systems: A Bottom-Up Approach. Stanford University Libraries, CA. arXiv:cs.DL/0509018 v2 6 Sep 
2005: <ttp://arxiv.org/abs/cs.DL/0509018> 

7 This paper was revised an published in the Swedish archival journal Arkiv, Samhälle och forskning 
2006:1 

ttp://arxiv.org/abs/cs.DL/0509018
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(Ruusalepp, 2005). I realize that addressing this issue was crucial in order to 
develop “the right software” and in “the right way”. I realized that to 
achieve this, a special way of thinking must be fundamental. 
 
Since Ruusalepp (2005) already showed that no new approach for the 
development of long-term digital preservation software has been conceived. 
In earlier Chapter 1 I also showed that “archives” or “archiving” is 
misunderstood by the IT community. This shows lack of knowledge in this 
area. Addressing lack of knowledge, scientifically, is achieved by exploratory 
research (Patel, 1997). Furthermore I realize that I am questioning 
orthodoxies.8 Orthodoxies, according to von Wright (1986), are prevailing 
attitudes that, in the interest of science, needs to be questioned. I am 
questioning the relevance of the OAIS Reference Model as “the model” for 
the development of Archival Information System. I am questioning the 
Records Continuum Model as paradigm shift in recordkeeping as Upward 
(2001) affirms. Questioning both is questioning attitudes in archival context 
in Sweden, Europe and Australia, as well as questioning attitudes of IT 
community against archiving and archival organisations. Hence, questioning 
orthodoxies searches for explanations, arguments or new knowledge, and 
consequently should be addressed by an explorative research approach in 
which creativity is important (Patel, 1997). 
 
The second paper (Quisbert & Hägerfors, 2006) deals with the proposal of a 
special way of thinking when it comes to the development of long-term 
digital preservation software. The approach was constructing a theoretical 
concept about what could be the ideal Information System for long-term 
preservation. A theoretical concept is explained as an abstraction, thought 
or idea that defines the relationship of two or more variables (Graziano & 
Raulin, 2000). I also use the term of ideal, a very subjective view, for a 
special kind of Information Systems, as Weber (1949) put it: 
 

“An ideal type is formed by the one-sided accentuation of one or 
more points of view and by the synthesis of a great many diffuse, 
discrete, more or less present and occasionally absent concrete 
individual phenomena, which are arranged according to those 
one-sidedly emphasized viewpoints into a unified analytical 
construct (Gedankenbild) cannot be found empirically anywhere 
in reality.”  

 
The third paper (Quisbert, 2006) evaluates the theoretical approach 
proposed in the second paper. Why an evaluation was made although this 
Gedankenbild cannot be founded in reality? On the opposite of mathematics, 
Information Systems research is not empirical empty. There is a lot of 
Information System running. And there is a large amount of systems 

                                                 
8 Von Wright’s “orthodoxies” partially corresponds to Thomas Khun’s “paradigms” 
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developers that might have some opinion about how to develop 
Information Systems. It is necessary to have in mind that the field of long-
term digital preservation is not a vast area (yet) and the amount of 
Information Systems developers in this field limited, especially in Sweden. 
The reachable group of Information Systems developers was at hand and it 
was obvious that this group would express some opinion about my 
theoretical concept. Here is worth reiterate that the aim was not to “find it” 
but find weakness and strengths within it. The question was how to carry 
out this evaluation. For the empirical evaluation of my theoretical concept 
Future Workshop Method (Jungk and Müllert, 1988) was utilized. The main 
reason for using this method was that a group of people tackles problems in 
a future-oriented way and the nature of long-term preservation is per se 
future-oriented. Another important reason for using this method is that this 
method helps to “dive deeply” in the selected topic. A deeper description of 
this method, how the evaluation was carried out and the outcomes from the 
evaluation is to be read in Chapter 6. 
 
The results of these three papers needed to be synthesized in some way. 
This cover paper is the effort in that direction. As stipulated on the 
commitment of carrying out research on the field of long-term digital 
preservation, the overall research question needs to be answered. 
Synthesizing the papers is addressing the overall research question. 
   

The Overall Research Process 

Like Jules Verne’s character Phileas Fogg in Around the World in Eighty Days 
used different ways of travelling in different parts of its journey around the 
world, this thesis needed also three different methods in order to achieve its 
goal. I think that a describing picture (Figure 3) better will enhance and 
more clearly will show my research process. In this picture the overall 
research question, major ideas or subordinate research questions, research 
strategies and outcomes are showed. The picture also shows that the papers 
contribute to the major result of this cover paper. The presented research 
work has the characteristics of being: explorative and qualitative based on 
methodological pluralism.  
 
Quantitative research often involves some kind of measurement towards a 
given population (Patel, 1997). In this thesis ideas are evaluated but nothing 
is measured. The approach especially in paper 3 (Quisbert, 2006), spokes for 
a qualitative research approach. Maykut & Morehouse (1994) explains 
qualitative research as: “Qualitative approaches use multiple realities which 
can only be understood by the intersecting socio-psychological constructions”. I 
understand this quotation in relation to the Future Workshops Method 
utilized for evaluation in paper 3 (Quisbert, 2006) as a socio-psychological 
construction in which the participants expressed subjective opinions. The 
statement “Qualitative approaches have non-numerical values that mediate 
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and shape what is understood” (Maykut, 1994) corroborates also the extent 
of subjectivity in the approach. As subjectivity hinges the three papers 
embraced by this cover paper, the thesis is thus interpretive.  
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Figure 3 – My Research Process 

 
Paraphrasing Jules Verne, this thesis might be seen as Around the Research 
World in Eighty Methods (or Methodologies). I have used three (maybe 
four including the cover paper) and the use of several research approaches 
should spoke for methodological pluralism. In order to achieve greater 
whole Midgley (2000) proposes methodological plurality as a mix of 
methodologies and methods. Klein et al (1991), pleas for methodological 
pluralism. I am inclined to use a quotation as my own argument as follow:  
 

“Pluralists take a different starting point. They believe that 
searching to find a correct research approach, contingently or 
absolutely, is mistaken. Different research approaches can 
perhaps be brought to bear on the same problem domain but 
each can only be judged in terms of its own, internal standards … 
Consequently, there exists no external set of objective criteria by 
which to make a unique choice among different methods … 
Growth of knowledge is best furthered by ‘letting many flowers 
blossom’ in a free exchange of ideas” (Klein, 1991). 
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CHAPTER 4 

THEORY 

Information Systems  

We could say that an Archival Information System is in fact an (or a special 
kind of) Information System. Let us examine some definitions of 
Information System beginning with the definition of Checkland & Holwell 
(1998) (Figure 4): 
 

“An Information System is contains two linked subsystems. The 
systems that is served (the people taking the action) and the 
system which does the serving”. (Checkland, Holwell, 1998). 

 

 
Figure 4 – An Information System 

Now let us see to another definition of Information system provided by 
Buckingham et al. (1987): 
 

 “…a system that assembles, stores, processes and delivers 
information relevant to an organisation (or to society), in such 
way that the information is accessible and useful to those who 
wish to use it, including managers, staff, clients and citizens. An 
Information System is a human activity (social) system which 
may or may not involve the use of computer systems.” 

 
Some times computer systems are referred as Information Systems. Verrijn-
Stuart handles with this perspective by giving two categories of definitions:  
 

Information system in the broader sense: “The totality of all formal 
and informal data representation and processing activities within 
an organisation, including the associated communication, both 
internally and with the outside world” 
Information system in the narrower sense: “Computer-based 
subsystems, intended to provide recording and supporting 
services for organisational operation and management”. 

 

The system which 
serves 
Processing of 
selected data (capta) 
relevant to people 
undertaking 
purposeful action 

The system 
which is served 
Purposeful action 
whose doers have 
information needs 

Provides support 
to people taking 
action 



 22 

From those well known definitions I could make following observations: 
 

1. Purposefulness. 
2. The use (or not) of computer systems 
3. Access and use of information. 

 
What is meant with purposefulness? What is meant with “the use (or not) of 
computer systems”? What is meant with access and use of information? I 
am aware of the authors of the above definitions has explained these 
questions, but I need to explain these questions in an archival and long-term 
preservation context: 
 
The first question can be answered as follow: The purposefulness of an IS 
in archival context is to fulfil the demands on information of the designated 
community through the responsibility of the archivist of the information. In 
this case the major purposes are preserving and making access possible. It is 
important to point that the purpose “might” change when archivists are 
interacting with the system. Sometimes, for archivists the purpose will be 
the management of the data to preserve and access. 
 
The second question can be answered as follow: Lavoie & Dempsey (2004) 
showed that digital preservation is “one of many options”. Further is stated 
that:  

“analog manifestations of digital materials may already be the 
subject of preservation efforts, even as their digital equivalents 
are perceived to be at risk. Efforts to preserve digital materials 
must take into account potential overlap with analog 
preservation activities, as well as circumstances where 
preservation in analog form may be preferable to digital 
preservation”.  

 
This means that information to be preserved may exist within the 
Information System but outside the computer system. In conclusion, the 
material to be preserved has to be treated from the same philosophy but 
practically the treat may differ due the nature of the material. 
 
The third question can be answered as: follow: In the article The Information 
Life Cycle – Issues for Long-term Digital Preservation (Runardotter et al., 2005), is 
stated that “information is alive when used and useful for the designated 
community”. This means archivists, due to their custodial responsibility, 
preserves and gives access to information perhaps using different 
generations of software. The observation to made here is (again) that 
software is interchangeable but information must remain as same. In the 
case of archives then the stored information or better to say, the records are 
preserved in the same way: using different generations of software. The 
records must remain as same in order to fulfil demands of evidence. 
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The Role of Information Processing Tools in the Archival 
Context 

The latest year’s development of computers and software has been very fast 
and to a large extent unforeseeable. This has caused a number of conditions 
to change in society as we use the new artefacts (computers, PDAs, cell 
phones, tablet PCs, etc) for information exchange and dissemination. Large 
amounts of digital information have been created. At the same time, the 
technical evolution has created a number of problems. These problems have 
been described earlier in the thesis. To achieve a high level of accessibility 
and availability to trustworthy digital information in the future, developed 
forms of digital processing and Archival Information Systems are needed 
(Hedstrom, 1998; Dollar 2000). Information in the digital era demands 
several kinds of tools for its processing. Nevertheless there is a lowest 
common denominator: digital processing. I begin on the position that I do 
not want to give a definition of digital processing, I only want to show my 
perspective of this phenomena, as a mediator for digital information. 
Traditionally digital processing is understood as the result of the execution 
of a computer program in a digital environment. A simplistic model of this 
process contain an input, a process (that processes the input and generates) 
an output (Figure 5). I consider this sequence as a part of an Information 
System. 
    

    
    

  Figure 5 – A simplistic model for computing 

In the same simplistic way an Archival Information System can be 
considered as an artefact that takes an input, the record, processes it e.g. 
preservation functions are applied to the input and finally an output is 
rendered e.g. access to an official document. However this simplistic model 
is not enough for explaining the complexity of an Archival Information 
System. As is acknowledged in the field of Information Systems Research 
the view about Information Systems is far from simple. Therefore, in order 
to better understand the complexity of Archival Information Systems, 
understanding Information Systems is urgent. (A definition of Archival 
Information Systems is proposed later in this thesis). Besides of that also 
knowledge about fundamentals of Archival Theory is also necessary. 
 

Process 

Input Output 
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Fundamental Concepts of Archival Theory 

The Archival Framework 

Based in several authors, I have decomposed archiving in four components 
or rather I have identified four aspects or issues of or in archiving (Figure 
6). Those aspects are: Intellectual, Activity, Functional and Support. In this 
view the archival object has a central role and the mentioned aspects focus 
in how to handle with the archival object. This is certainly my own 
understanding of archiving and might be questioned by others with deeper 
knowledge in the area. This simplification is made just in order to situate 
long-term digital preservation activities in the archival context.  
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Figure 6 – Four Aspects of Archiving 

The Intellectual Aspect of Archiving 
The intellectual aspect of archiving is reflected by the people within an 
archival organisation that has the responsibility of handling archive objects. 
For these people a set of intellectual demands are set up. Intellectual in the 
sense that the people within the archival organisation must know about 
current laws, rules, has to adopt the imperative philosophy of archiving, 
work according to established strategies, in other words use his/her skills in 
order to increase the organisation’s archiving competence. (Johansson, 
1995) 
 

The Function Aspect of Archiving 
This issue answers to the question such as: What archives are good for? or 
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What is the function (or purpose) of archives?” As showed in the first 
chapter of this thesis, a common misunderstanding about the concept of 
archiving is that archives are just storage places. Of course that is true but 
not correct. To be more correct one should say that in archives you find 
evidence of activities (Cook, 1997). This evidence is information (not data) 
kept by the archival organisation and presented to the researcher in for the 
moment appropriate way (i.e. according to the available technology). 
Archival organisations, might also adopt a push-strategy in order 
disseminate information (historical evidences) to the public. 
 

The Activity Aspect of Archiving 
Archiving is not an isolated activity. In order to achieve “good” archiving 
there are several important activities that operates on the archive objects. As 
the archive object arrives to the archival organisation, they must be 
categorized and catalogued in order to fit in the current archive structure 
and with the current naming (Lövgren, 1995). The preservation activities are 
to begin and not stop. Preservation is a set of activities that ensures that the 
preserved archive object is accessed through changes in technology (Dollar, 
1992). A set of rules followed by the archival organisation might steer how 
often and how to select archive objects to be kept in the archives, i.e. an 
appraisal policy is applied (Delmas, 2001). 
 

The Support Aspect in Archiving 
I don’t mean what archives support but what supports archiving and 
archiving organisations. There are people and tools (including software 
tools). People who are professionals in archiving (i.e. archivists) and current 
supporting tools, the current technology. In writing time the state of the art 
of archiving tools are changing from paper based to computer based (Burell, 
1995). Those computerized systems are addressed as: Archival Information 
Systems, Electronic Records Management Systems (ERMS)9 etc, and 
specialized in managing and processing digitally stored records. There exist 
beside those tools, other pieces of software specialized in very special and 
particular digital preservation activities. Of course there is Internet too 
which might be useful for dissemination purposes. 
 

The OAIS Reference Model 

A model that has had a defining influence in development of digital 
preservation methods is the OAIS model, developed by US Consultative 
Committee for Space Data systems. The OAIS model (Open Archival 
Information System) is a conceptual framework for an archival system 

                                                 
9 These Information Systems are described in later chapter 
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dedicated to preserving and maintaining access to digital information. The 
model is compound by four major foundation components: 
 

• A producer (person or machine) which produces the information to 
be preserved. 

• A manager which sets up a policy or framework for preservation. 
• An archive (an implementation of the OAIS model). 
• A consumer (person or machine) which interacts with the archive in 

order to retrieve information. 
 
The figure below (Figure 7) shows the conceptual model of the OAIS 
Reference model. A system build according to this model should contain six 
high level processes: 
 
 

 
Figure 7 – The OAIS Reference Model 

• Ingest: Receives the information and prepares it for preservation.  
• Archival Storage: storages, maintains and retrieves the preserved 

information. 
• Data Management: coordinates description information from an 

archival object and system information which is used to support 
archival operations. 

• Access: helps the consumer to identify and retrieve information. 
• Administration: plans the ubiquitous archival activities. Monitors the 

environment and assess the development of new standards and 
policies. 

• Preservation Planning: provides recommendations for conversion, 
migration, monitoring changes in technology. 
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The Concept of Information in the OAIS Reference Model 

CCSDS (2002) gives a clear definition of information which is central to the 
ability of an OAIS to preserve it. Both persons and systems can be said to 
have a Knowledge Base, which allows them to understand the received 
information. If a person has a knowledge base, which includes an 
understanding of the Swedish language, then this person can read and 
understand Swedish text under the circumstances that the person also has 
the ability to see and read. 
 
Information is defined as any type of knowledge that can be exchanged, and 
this information is always expressed, (i.e. represented) by some kind of data. 
If the person who doesn’t have the Swedish language in her/his knowledge 
base then the Swedish text to be read (the data), has to be accompanied by a 
Swedish dictionary and grammar information (i.e. Representation 
Information) in a form that is understandable using the recipient’s 
knowledge base. Data interpreted using its Representation Information 
yields Information (Figure 8).  
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Figure 8 – Obtaining Information from Data 

Information Object preservation requires clear identification and 
understanding of the Data Object and its’ associated Representation 
Information. For digital information, this means that the OAIS must clearly 
identify the bits and the Representation Information that applies to those 
bits. This definition of an Information Object is applicable to all the 
information types discussed in this and the following subsections - they all 
have associated Representation Information. A complication with 
preservation of digital information is that the required transparency to the 
bit level is a distinguishing feature and it runs counter to object-oriented 
concepts, which try to hide these implementation issues. Furthermore, 
Representation Information has a recursive nature; it’s typically composed 
of its own data and other Representation Information, which leads to a 
network of Representation Information objects.  
 
For OAIS to be able to preserve information for a Designated Community 
it has to understand the Knowledge Base of its Designated Community to 
understand the minimum Representation Information that must be 
obtained. For a larger Consumer community with less specialized 
Knowledge Base to understand the preserved information the OAIS has to 
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maintain a larger amount of Representation object that is necessary for its 
own Designated Community. 
 

Information Package 
An Information Package is defined as a conceptual container of two types 
of information, Content Information and Preservation Description 
Information (PDI). These two types are viewed as being encapsulated and 
identifiable by the Packaging Information. The resulting package is viewed 
as being discoverable by virtue of the Descriptive Information. Figure 9 
illustrates the Information Package relationships schematically. 
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Figure 9 – Information Package Concepts and Relationships 

The Content Information: 
The information is the original target of preservation. It consists of the 
Content Data Object (Physical Object or Digital Object, i.e. bits) and its 
associated Representation Information needed to make the Content Data 
Object understandable to the Designated Community. The CDO may be an 
image that is provided as the bit content of one CD-ROM file together with 
other files, on the same CD-ROM, that contains Representation 
Information. Only after the Content Information has been clearly defined 
can an assessment of the Preservation Description Information be made.  
 

The Preservation Description Information: 
The Preservation Description Information applies to the Content 
Information and is needed to preserve the Content Information, to ensure it 
is clearly identified, and to understand the environment in which the 
Content Information was created. The PDI is divided into four types of 
preserving information:  
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Provenance  
Describes the source of the Content Information, who has had custody of it 
since its origination and its history (including processing history).  

Context  
Describes how the Content Information relates to other information 
outside the Information Package. For example, it would describe why the 
Content Information was produced, and it may include a description of how 
it relates to another Content Information object that is available.  

Reference  
Provides one or more identifiers, or systems of identifiers, by which the 
Content Information may be uniquely identified. Examples include an ISBN 
number for a book, or a set of attributes that distinguish one instance of 
Content Information from another.  
 

Fixity  
Provides a wrapper, or protective shell or shield, that protects the Content 
Information from undocumented alteration. For example, it may involve a 
check sum over the Content Information of a digital Information Package.  
 

The Packaging Information 
That information, which, either actually or logically, binds, identifies and 
relates the Content Information and PDI. If the Content Information and 
PDI are identified as being the content of specific files on a CD-ROM, then 
the Packaging Information would include the ISO 9660 volume/file 
structure on the CD-ROM, as well as the names and directory information 
of the files on CD-ROM disk.  
 

The Descriptive Information 
That information which is used to discover which package has the Content 
Information of interest. Depending on the setting, this may be no more 
than a descriptive title of the Information Package that appears in some 
message, or it may be a full set of attributes that are searchable in a 
catalogue service. The archive entities are objects which move around in this 
system. Those are called Information Packages, which change their status 
depending on where they are in the archive. There are 3 types of packages: 
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• Submission Information Package (SIP): This is the digital object package, 
which is sent to the archive by the information producer. In some 
cases, it may well not arrive with adequate metadata. 

• Archival Information Package (AIP): This contains all the information 
needed in order to preserve the digital object. All the relevant 
metadata will be added and technical specifications to render the 
object. 

• Dissemination Information Package (DIP): The package that the user will 
receive is the digital object and some of its metadata. There is little 
need for the user to have access to all the complex technical 
metadata stored in the AIP.  

 
It’s very important to point out the responsibilities for this kind of system:  
 

• Negotiate and accept suitable information from the producers. 
• Keep enough control over the information and manage it to a 

suitable level, necessary for long-term preservation. 
• Decide which organisations are parts of the Designated Community 

in order to understand the received information. 
• Ensure that the information to be preserved is independently 

understandable. Information will be understood without help from 
experts. 

• Follow policies and activities which ensure that information is 
preserved against eventualities in order to accept the information as 
original information. 

• Make the information accessible to the Designated Community. 
 
The described OAIS Reference Model, again, is an abstract model and can 
be used in several ways such as reference for commonality in terminology, 
or as a blue-print for an Archive Information System. Nevertheless the 
concept of Archival Information System has not been deeply understood. 
In order to understand the concept of Archival Information Systems it is 
also necessary to explain why such systems exist and for whom. Ackoff 
(1980) provides us with good direction on this matter. Questions such as: 
System for what? What is the purpose of the system? Who gives input to 
the system? Who decides over the architecture of the system? Who works 
with the systems’ functions?  
 
Questions like these needs to be answered. I will not give answers to these 
questions. These questions are question that any organisation or developer 
should ask before the developing process begins. My intention in bringing 
them out is that I see the necessity conceive the existence of such kind of 
Information Systems. 
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Archival Information Systems Existentiality 

Archival Information Systems are in this work seen as a special kind of IS. It 
should thus be easy to make a definition of Archival Information Systems 
based on the definitions above. But to clarify the definition to a higher 
extent we believe it’s necessary to point out the principles of this “special 
case”. The reason for this is that there are a set of questions that needs to be 
given relevance as questions.  Question to be answered are: a) which 
principles are important for describing the scope of the system? b) Which 
phenomena embrace the system concept? c) What are the characteristics of 
the phenomena? d) Which are the relations between them? e) Which 
principles are crucial for the nature and harmony of the system? Other 
questions are: 1) Which information do we have about the system? 2) Which 
pieces of information do we need about the system? 3) How should this 
information be understood? 4) Which attributes of this information are 
desirable? 5) How do we judge the suitability of the information? The first 
set of questions concerns with ontological principles and the second with 
epistemological principles of Information Systems. I believe that is 
necessary to answer those questions, indicating the ontological and 
epistemological principles of Information Systems, on a general level. 
 

Software Engineering 

The differences between Archival Information Systems and Information 
systems as well as legislative demands and the high substitutionality of 
software calls for measures not covered by conventional or traditional 
models for the development of Information Systems. They are insufficient 
when developing Archival Information Systems. Below, I demonstrate the 
need for a more comprehensive framework. The argumentation starts at the 
lowest level, working upwards.  
 
The technical side of Information Systems must be programmed, either 
using a programming language such as Java or C++, or using a so called 
CASE tool. In any case the software is the result of the use of a software 
development method. A large amount of methods has been proposed for 
this objective the last decades. In our search for a good candidate for my 
study, I have to make a choice among many methods. In my point of view a 
good candidate is a reliable method which is well established, accepted and 
used in developer’s domain. A good and plausible method for developing 
IS, I judge, is the Object Management Group (OMG's) Model Driven 
Architecture (MDA) (Mukerji & Miller, 2003) as described in Figure 10. 
This method covers several steps in the creation of software.  
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Figure 10 – The OMG’s Model Driven Architecture 

The lowest level, Code (later called software), is the level where the software 
is physically constructed. On the next level, the platform specific model 
(PSM) constructs the specification. The code is based in the PSM. Minor or 
major changes may be done on the code based on zero or minor changes in 
the PSM. The platform independent model (PIM) is the base of the PSM 
and it may be tolerant of technology changes. The PIM is a computational 
adaptation of the computation independent model (CIM) on the highest 
level. The CIM is an abstract model over activities (the organisation 
business) which are intended to be supported by the software to be 
developed. Already at this stage I realize that there are two components 
missing: a) a long-term software foundation and b) a high level manifest that 
could serve as philosophy for long-term strategies. 
 

The World of Records 

There are three major reasons for choosing the Records Continuum Model 
as a fundament in the proposed framework of this thesis. The first is that 
this model is a theoretical instrument for analysis in recordkeeping systems 
development. The model “forces” the analyst in focusing at the records as 
the fundamental information holder in recordkeeping systems. This is in my 
opinion also very peculiar and important characteristic of Archival 
Information Systems. The second reason is that the model opens for a 
“continuing value” of records. This reason coincides with my view of 
information, which is that information “never dies” (Runardotter, et al., 
2005) and the mentioned continuing value should be a “leading star” in my 
concept of Forward Compatibility10. And the third is that this model is based 
on a theory that for many is rather philosophical.  
 

                                                 
10 To be discussed in Chapter 5 
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The Concept of Record 

Archival concepts in Swedish Archival tradition have developed almost 
independently from archival traditions outside Sweden. One of most central 
concepts in the area of archiving is the concept Record and specially Authentic 
Record. However some remarks are needed here. The form of use of the 
term record in Sweden is from a Swedish conceptualisation and translation 
of the Swedish word “Handling”. A handling might be “a document, 
written or picture, or a “recording” which can be red, listen to or 
in other ways understood only with the help of technical tools”. 
(NE). The Swedish archival view of “handling” differs slightly in 
correspondence to the term in English record,11 in the sense of that a 
“handling” often is synonymous with official document expressed in the Principle 
of access to Official Documents. A “handling” reaches three states: Arrived (to 
some authority concerning some matter), established (or has been dispatched) 
and kept (when the case is closed) (Hörnfeldt, 2004). This difference is also 
indicated by Cox (2000) in the sense that both are used but with very 
different implications. The archived records are kept evidences of 
transactions (Cox, 2000; Cook, 1994). In the case of records in an IT 
environment, the object kept in this kind of systems should be Authentic 
Electronic Records. Let us first examine some definitions of “record” and 
“electronic record”.  
 

Record 
A record is defined by Carucci (1987) as  
 

“…a representation of an act by a creator (a legal entity such as 
business or a physical person), produced in a specific form that at 
juridical systems recognizes and accepts, and retained as 
evidence.”  

 
The definition comes from diplomatics (Dollar 2000). According to 
diplomatics a record must be compound by the following properties:  
 

• Identification of the author or individual responsible of its creation, 
• an act or manifestation of decision, 
• a medium that makes that record stable and therefore identifiable, 
• form, which is composed of the constituent elements such as date and 

time of creation, the text and authentication signature. 
 
In the ISO Standard 15489:2001, draft by the International Standard on 
Records Management, a record is defined as: 
                                                 
11 This issue is a matter of debate which I am aware of. A very good book in this matter is for example: 

the Concept of Record – Second Stockholm Conference on Archival Science and the Concept of Record 31-31 May 
1996. (1998). The Swedish National Archives.    
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• Recorded information in any form (including data in 

computer systems) 
• created or received and maintained 
• by a organisation or person 
• in the transaction of business 
• and kept as evidence of such activity. 

 

Authentic Record 
Duranti & Eastwood (1995) have articulated the concept of reliable and 
authentic records as:  
 

“…the authority and trustworthiness of records as a proof and 
memory of the activity of which they constitute the natural by-
product, that is, to their ability to stand for the fact they are 
about”. 

 
Authentic record in Swedish legislation makes a further description of 
authentic record (Hörnfledt, 2004). This description contains three elements 
namely: The carrier (traditionally the paper), the text (or contents perhaps in 
combination of pictures, etc.) and expediter information (commonly a 
signature) 
 

Electronic Record 
There are several definitions of electronic records. One prominent 
definition is the presented below:  
 

“Digital records are records created, communicated and 
maintained by means of computer technology. They may be 
‘born digital’ (created using computer technology), or they may 
have been converted into digital form from their original format 
(e.g. scans of paper documents). Organisations create and store 
digital records in a variety of ways. Common types of digital 
records include word-processed documents, spreadsheets, 
multimedia presentations, email, websites and online 
transactions. However, digital records can be found in many 
systems throughout the organisation – including databases and 
business Information Systems, shared folders and hard drives” 
(NAA, 2004) 

 

Authentic Electronic Record 
Dollar (2000) summarises the concept of authentic of electronic record as: 
“…those records that retain their reliability over time.” Is reasonably 
important to, if not defining in general terms, but in terms of this context 



 35 

how I use the term of record. One of the terms that I do not want to use is 
electronic record. This term is often used in order to describe a set of data 
digitally recorded. We need to keep in mind that not all electronic records 
are digitally recorded. For instance a record could be created in a digital 
environment but stored in an old fashioned magnetic tape and then 
recorded in an analogue way.  
 
Why this very long compilation of quotations and references? The first aim 
was to gather for myself texts that could reflect the essence of records. I 
have argued that I am interested in information, because is it what we want 
to preserve in a very long-term perspective. Within the context I am 
studying, approaching to records was inevitable due to their information 
carries essence. I think that a very important issue in long-term digital 
preservation is to understand the essence of records in order to preserve 
information. I agree with Hirtle (2000) who exposes that:  
 

All these authors12 have concluded to some extent that one can 
deal effectively with electronic records only if one returns to the 
first principles of archival theory, including the importance of 
records as evidence. (Hirtle, 2000)  

 

Records Management 

The International Standard on records management, ISO 15489: (2001), 
defines Records Management as: 
 

“The field of management responsible for the efficient and 
systematic control of the creation, receipt, maintenance, use and 
disposition of records, including the processes for capturing and 
maintaining evidence of and information about business 
activities and transactions in the form of records”. (ISO 15489, 
2001), 

 
Record Management Systems deal with the management of records which 
as process-bound information and highly linked to coherent business 
processes (Thomassen, 2001). That means Record Management Systems 
manages record as operational data, i.e. actual data needed in the every day 
activities of the organisation that created the record. In the case of Archival 
Information Systems, they deals with non-operational data or as 
McKemmish (2005) expresses archival systems ensures that records and 
their meaning are accessible over time. Besides the characteristics for 
Records Management Systems drawn above, (PRO, 1999) also includes 
records disposal which is the process of preparing records for transfer to 

                                                 
12 Hirtle refers to David Bearman Sue McKemmish, Frank Upward, Glenda Acland, Luciana Duranti 

and Margaret Hedstrom. 



 36 

the permanent archive (designated repository) for permanent preservation, 
or final deletion or destruction. This definition is based on the Records Life 
Cycle Model (Penn et al., 1994) that separates records managers and 
archivists from organisational purposes of recordkeeping since it’s based on 
tasks (McKemmish, 1995).  
 
The reader is maybe asking how it concerns long-term digital preservation 
or the aim of the thesis. I have already postulated that I am interested in the 
preservation of information. The Records Life Cycle model views archives 
as “dead records”. The Information Life Cycle propose by my colleagues 
and me (Runardotter et al, 2005) views information (and in extension 
records) not as dead, but alive because today’s digital environment facilitates 
radically different the access to digitally stored information kept in archives. 
Something that traditional (paper based) archives can’t offer in the same 
way. Their use might not concern traditional “archival use”, for instance 
historical research. My statement will be then that long-term digital 
preservation software developers (in some extent developers of Archival 
Information Systems) must gain knowledge about the essence of records 
and its information value and the environment in which records were 
created and maintained. Furthermore if developers Archival Information 
Systems/long-term digital preservation software have a deep knowledge 
about records management then preservation would be easier and they 
might point out issues of preservation in the creation or earlier management 
of records (the Forward Compatibility of records). If so, in some extent, the 
borders that separates records managers and archivist or records 
management and the development of records Management Systems towards 
what Archival Information Systems manages and the development of them, 
might be erased moving towards integration. Thinking in those terms help is 
necessary. For my understanding in this “phenomena” the theory of the 
Records Continuum Model became valuable.  
 

The Records Continuum Model 

The Australian Records Management Standard AS4390 (1999) refers to a 
record as:  

“…a consistent and coherent regime of management processes 
from the time of the creation of records (and before creation, in 
the design of recordkeeping system) through to the preservation 
and use of records as archives”. AS4390 

 
This definition of record has its root in the theory of Records Continuum 
proposed by Frank Upward in the 1990s. The history of concept of the 
Continuum is a bit older. In the 1950s Ian MacLean, former head of the 
National Archives of Australia, declared that records managers were the true 
archivists, and that archival science should be directed towards the study of 
the characteristics of recorded information, recordkeeping systems and 
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classification processes (Upward, 1994). This view promoted a linkage or 
continuity between records management and archives. I was until the 1985, 
during the Annual Conference of Canadian Archivists, the Canadian 
archivists Jay Atherton explicitly expressed that: 
 

 “…all stages of records are interrelated, forming a continuum in 
which both records managers and archivists are involved, to 
varying degrees, in the ongoing management of recorded 
information.” (An, 2001).  

 
The emergent continuum idea was born as a criticism to the established 
model of the Records Life Cycle. This model, proposed in the late 1960s by 
Theodore Schellenberg and others, identifies stages in the life of a record. 
One of the stages is the disposal or “death” of the record (Bantin, 1998). 
Strategically the life cycle model13 separates records management and 
archives administration and this separation was seen as a weakness in this 
model. A solution to this weakness was putting forward the idea of the 
continuum and its function of service to the records’ creators and all their 
users (Flynn, 2001). The current model of the Records Continuum (Figure 
11) was formulated by Frank Upward (1996), based in the following 
principles: 
 

1. A concept of “record” which is inclusive of records of 
continuing value (archives), which stresses their uses for 
transactional, evidentiary and memory purposes, and which 
unifies approaches to archiving/recordkeeping whether records 
are kept for a split second or a millennium... 
2. A focus on records as logical rather than physical entities, 
regardless of whether they are in paper or electronic form… 
3. Institutionalisation of the recordkeeping profession’s role 
requires a particular emphasis on the need to integrate 
recordkeeping into business and societal processes and 
purposes… 
4. Archival science is the foundation for organising knowledge 
about recordkeeping… Such knowledge in revisable but can be 
structured and can be explored in terms of the operation of 
principles for action in the past, the present and the future… 

 
The following part is a synthesis of major papers published by the Records 
Continuum Research Group (Upward, 1996, 1997, 2001). 
 

                                                 
13 For a comparison between the life cycle model and the Records Continuum Model see: Marshall, 

Peter. (2000). Life Cycle Versus Continuum: What is the Difference? Informaa Quarterly 16, no.2, Records 
Management Association of Australia, pp.20-25. 
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Figure 11 – The Records Continuum Model 

• Create equates with a point where individuals as creative sources engage 
in particular activities. Recorded information spreads away from their 
acts. Creation is an intersecting dimension. 

• Capture equates with a point at which communications are brought into 
a framework that enables consistent and coherent use of information by 
groups of people. This involves the addition of information about the 
recorded information and its communication, metadata, which 
disembeds information from the immediate contexts of its creation. 
Capture is a dimension of routinisation. 

• Organise equates with the need to marshal information across a range of 
participants who do not share the same frameworks of the group 
interaction. Commonly navigable structures and understandings have to 
be set up within systems so that the information can be shared in 
different spacetime. This is a process which could be described as the 
organisation of memory. It is the prime locus of time-space 
distanciation. 

• Pluralise equates with taking information out to points beyond 
organisational contexts into forms of societal totalities, still more distant 
from the organisations, community totalities, and whole of person views 
of the individual, within which the creation and capture processes took 
place. This is a nebulous region in the broader reaches of spacetime, 
involving memory as it is formed across societal totalities. It involves 
the use of information in ways which are less predictable or controllable. 

 
The four continua are recordkeeping entities, the axis in the model and are 
described such as: 
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• Transactionality - relates to records as products of activities, the act, 
activities, functions and purposes 

• Identity - relates to the authorities by which records are made and kept, 
including their authorship, establishing particularities of the actors (the 
creators) involved in the acts of records creation, the empowerment of 
the actors and their identity viewed from broader social and cultural 
perspectives. 

• Evidentiality - relates to the records as trace and evidence of actions and 
their role in collective and corporate memory. 

• Recordkeeping Containers - relates to the objects we create in order to store 
records. Carries custodial history. 

 
The idea challenges the established institutional custody of records. Since 
records are in an ongoing state of becoming, records (or archival objects) 
should not necessary be tied to archival institutions as places, “…the record 
is not an issue but the record itself” (Upward, 1997), there are not end 
products (Upward, 2005). This is one idea of spacetime distanciation. The 
model also affirms the role of recordkeeping (in my view by means its long-
term preservation) in relation to organisational, legal and social 
accountability. Furthermore provides for building alliances with different 
disciplines concerned with organisational, legal, social, cultural and historical 
accountability. Some parts are my statement in the section of Records 
Management. These alliances with other disciplines should automatically 
identify multiple uses for records over time, identifying a range of customers 
for records and archives services (Upward, 1997). The model helps us see 
how institutionalized practices (action-structure duality) can be included 
issues in at least three specializations within recordkeeping: contemporary 
recordkeeping (current recordkeeping actions), regulatory recordkeeping (the 
control of structures of action such as policies, standards, legislation) and 
historical recordkeeping (exploration of provenance) (Upward, 1997).  
 
The Records Continuum Model is a part of an emerging theory; let us call it 
at this stage, the Continuum Theory. This theory should help us to 
understand other issues concerning the use of records in different context. 
For instance the Publication or Access Continuum in which can be 
discussed learned knowledge, reach, issuance, publication containers. As a second 
instance, the Information Continuum in which can be discussed: action and 
structure, categorization, technology and storage and memory. And concerning 
Information systems, the Information (data) Systems Continuum in which 
can be addressed power modalities, data plumbing, data modelling and data 
storage.(Upward, 2006) 
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CHAPTER 5 

A FRAMEWORK FOR THE DEVELOPMENT 

OF ARCHIVAL INFORMATION SYSTEMS 

The Concept of Forward Compatibility 

It is inevitable that any kind of computerized Information System must rely 
upon a specific platform and be supplied by a set of vendors, even an 
Archival Information Systems. Platform dependency sometimes forces 
developers to platform specific technical solutions implying deviations from 
standards. Supplier dependency implicates not only expertise from a third 
part organisation but also people involved in the process of long-term 
preservation such as archivists. The issue on use of data processing tools, 
states that new Information Systems should ensure the longevity of digitally 
created information. This means pro-actively set up forward compatibility. 
Today information lifetime is just prolonged by a set of activities when 
information passes from its native environment to an Archival Information 
Systems. These activities include making the data readable (compatible) 
exclusively for the new environment. Documentation is crucial for instance 
in order to migrate an Information System and its data (Bisbal et al, 1999). It 
is of course obvious that these activities are indispensable and inevitable. In 
order to avoid problems related with lack of documentation long-term 
preservation software developers must take an open attitude as a principle 
for its work. The concept of Forward Compatibility pleas for good 
documentation of the developed software and generosity towards those 
whom might examine, test or evaluate the software. This attitude as 
principle should ensure that working with long-term preservation is a matter 
preserving information and in the long extent preserving societal history and 
cultural heritage.  
 
If Forward Compatibility is a principle, where do I put it within my or any 
eventual Information Systems development model or methodology? As 
explained in the section of Software Engineering the particular MDA method 
gives guidance when dealing implementation issues. Nothing is explained in 
terms of principles or attitudes. This means that a revision of the model 
needs to be done not only in order to place this concept in a right place but 
also in order to complete it with fundaments for the development of 
Archival Information Systems. 
 

Levels of Substitutionality 

The MDA levels are more or less interchangeable in the development of 
software. Figure 12 shows these levels.  
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Figure 12 – Levels of Substitionality 

 
As shown in figure above, the more we step down in the hierarchy, the 
more interchangeable things are. The software might be replaced by a new 
release or a new version several times in the first year of their use. The PSM 
should be more stable and might be changed if for instance technology 
changes have occurred in the underlying infrastructure such as the operating 
system. This has, of course implications for the software. The PIM should 
be yet more stable than the PSM. The PIM might suffer changes only if 
changes are made in the CIM. The CIM might change as a consequence of 
external changes, such as new legislation, or because of internal changes 
within the organisation, such as internal re-organisation. Nevertheless 
working with this approach shows the absence of an idea or vision about 
what to do or in which direction to go. What is missing? The answer I 
found is to be read in the definition of methodology. A well accepted 
definition of the concept of methodology is as follow: 
  

“…a recommended collection of philosophies, phases, 
procedures, rules, techniques, tools, documentation, 
management and training for developers of Information 
Systems.” (Maddison, 1983). 

 
The MDA method covers very well phases, rules, techniques, but lacks of 
one important ingredient: a philosophical framework or a visionary guidance 
is missing.  

Towards a Theorization of Archival Information Systems 

What makes Archival Information Systems a special kind of Information 
Systems? Archival Information systems per se exist in an archival context. 
An Archival Information System will provide a designated community with 
usable information (CCSDS, 2002). Other types of Information Systems 
may support certain activities (by means of information flow or information 
providing) within an organisation. An archival Information System (O’brian 
& Marakas, 2006). An Archival Information Systems focuses on managing 
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records and ensure that their meaning is available over time (McKemmish, 
2005). Nevertheless I will add that “their conceptualization and supporting 
functions are based on long-term digital preservation principles”. 
 
According to Magoulas & Pessi (1998) there are four paradigms for 
Information Systems development, namely The Depicting paradigm, The 
Control paradigm, The Human-infological paradigm and The System-
infological paradigm (Figure 13). The last one gives fundaments for how 
data, that represents information, should be managed and how information 
processing and providing access should be studied. The ontological 
principles of this paradigm, distinguishes between social (or cognitive) and 
technical systems. The epistemological principles in this paradigm, has it’s 
fundament in the idea that “information is the increment in knowledge and 
experiences of humans” (ibid.). This means that information processing is a 
process for knowledge development. 
 
As pointed out in section Levels of Substitionality, (page 41) I believe that an 
emergent view of Archival Information Systems should have a philosophical 
foundation. In what constitutes this philosophical foundation? As explained 
in Magoulas & Pessi (1998) the development of Information Systems is 
conceived according to or within some “Information Systems Paradigm”, in 
other words an Information Systems Theory. The authors also claim that 
“an Information Systems Theory is an integrated part of every Information 
System” (Magoulas & Pessi, 1998). Every Information Systems paradigm 
(theory) is explained to be compound of four principles: ontological, 
epistemological, methodological and organisational. The ontological 
principles helps us to understand the nature of Information Systems, it also 
leads our thoughts in descriptions, explanations and/or in making 
predictions about characteristics, attributes or behaviour of the Information 
Systems. Epistemology is the study of knowledge, its nature, sources, limits 
and forms (Dretske, forthcoming). The epistemological principles of an 
Information Systems theory should lead understanding about the 
information we have about the system, about which pieces of information 
we need about the system. Further about how should this information be 
understood, which attributes of this information are desirable and how we 
judge the suitability of that information. The organisational principles of an 
Information Systems theory concerns, in one hand, to the relationship 
between people and its environment and in other hand to the relationship 
between people and the Information System. Methodological principles 
indicate how ontological, epistemological and organisational principles 
should be applied to solve problems in and when developing Information 
Systems (Magoulas & Pessi, 1998). I use this conceptualization14 as an 
                                                 
14 This conceptualization is the interpretation of the authors about sources that address the same 

phenomena. See for instance: Rudy Hirschheim and Heinz K. Klein (1989) Four Paradigms of 
Information Systems Development. Communications of the ACM Volume 32, Issue 10, pp 1199 – 1216. or 
Johan Olaisen (1991). Pluralism of Positivistic Trivialism: Important Trends in Contemporary Philosophy of 
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analytical instrument in order to understand some essential characteristics of 
Information Systems in general but particularly Archival Information 
Systems. 
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Figure 13 – Four Information Systems Paradigms 

 

The Framework Explained 

I pointed out in the section that explains my research area (page 10) that 
one of the delimitations I need to do in this thesis is to not cover the 
methodological and organisational principles of my theorisation of Archival 
Information Systems. I really do think that these aspects are very important 
and will be covered I a future research. At this point I want to, theoretically, 
describe the essence of what Archival Information Systems ought to be in 
terms of an epistemology and ontology for that kind of Systems. This 
epistemology and ontology should be the “thinking” framework of Archival 
Information Systems; the thinking and the terms necessary to adopt in order 
to avoid traditional Information Systems development thinking. I have 
already stated that traditional methods, methodologies and thinking, in IS 
development, are not enough in order to develop Archival Information 
Systems. This new epistemology and ontology should have its fundaments 
in the epistemology and ontology of the OAIS Reference Model and the 
epistemology and ontology of the Records Continuum Model. 
 

                                                                                                                        
Science. In Klein, Hirschheim, Nissen ( Eds.) A Pluralist Perspective of the Information Systems Research Arena. 
In Information Systems Research: Contemporary Approaches & Emergent Traditions North-Holland. 
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The Epistemology of the OAIS Reference Model 

The epistemological principles of the OAIS Reference Model are: 
 
• Information is knowledge that can be exchanged. 
• Humans and systems have knowledge base. 
• Data, which represents information, is contained and structurized in 

archival packages. 
 
The system-infological paradigm has it’s fundament in the first two 
principles. In contrast the theoretical framework for this paradigm 
distinguishes two kinds of information in the knowledge base of humans: 
directive (such as desires, decision rules, alternatives, system properties) and 
operational (such as system state, observed results) (Magoulas & Pessi, 
1998). The OAIS Reference Model does not explicitly this distinction. As I 
see an OAIS (an archive) is a mediator for the exchangeability of 
information. Typical for archives is that information is gathered, organized 
and structurized in archival collections i.e. the packages. The archival 
packages contain sufficient information about itself in order to understand 
its contents and support the long-term use of them. 
 

The Ontology of the OAIS Reference Model 

The ontology of the OAIS Reference Model is summarized:  
 
• Important principles are the concepts of archiving, openness and 

standards. 
• The phenomenon OAIS embraces is archiving and the standardization 

of open archives and its components (i.e., the archival objects).  
• The characteristics of the phenomenon, archiving, is described by 

means of high level functions (ingest, data management, storage, access 
and preservation planning). Further, the flow of archival packages in the 
archive (the OAIS). 

• There are several states for an archival package (SIP, AIP, and DIP), 
depending on the use of those within the archive by the render of the 
functions in the system. 

• One crucial principle in such system is the long-term responsibility of 
the archival organisation (archiving information) towards a designated 
community. 

 
Is this epistemology and ontology enough to guide developers in the 
creation of Archival Information Systems? I believe that something more is 
needed to ensure that substitutionality will not become a problem in the 
future in the Archival Information Systems developed today. Further digital 
preservation research has showed that:  
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• In the Blue Book of the OAIS, the applicability of the model is described 
as: “This reference model does not specify a design or implementation. 
Actual implementations may group or break functionality differently” 
(CCSDS, 2002). This leads to the conclusion that the OAIS Reference 
model is only a framework from which an empty shell of an Archival 
Information System might be derived. 

• The publications Preservation of Digital Publications and NEDLIB: 
Contribution to the Review of the OAIS Reference Model, suggests extensions to 
the OAIS Reference Model (NEDLIB, 2000). 

• In the report Implementing Preservation Repositories for Digital Materials (The 
PREMISS Working Group, 2004), it can be understood that the Access 
function in The OAIS Reference Model, is not fully developed to clearly 
support or guide the implementation of access functionality.  

 
I do not want to address or suggest any solutions to the above statements; 
they are observations that corroborate weaknesses in of the OAIS 
Reference Model. I simply realized then that the OAIS Reference Model 
alone might not be sufficient in order to develop a conceptual model for an 
Archival Information Systems. Then, what else is necessary? The answers 
lies in what is to be preserved: the input to the system i.e. records. Our 
research showed The Records Continuum Model as being a very promising 
theory in order to fill the showed missing part. 
 
Upward (1997, 1998, 2001) proposes The Records Continuum Model as a 
paradigm shift in recordkeeping. Although I do not fully agree with this 
statement, this theory gives answers and philosophical guidance in the 
understanding of archival objects. For this reason I propose that The 
Continuum Model complements OAIS with essential aspects, without 
which methodological principles cannot be derived. In Information Systems 
management as well as in OAIS no clear records world view really exists. 
The Records Continuum Model can therefore be seen as a proposal for a 
record world view. In this model records are more important than the tools 
used for their management (i.e. Information Systems). The reason is that 
organisation might change direction or purpose, but records exist as an 
outside phenomenon living their “own life” and the contents of the record 
might not be changed due its value as evidence. The Continuum Model 
provides both a clear epistemology and an ontology that can be utilized in 
the development of Archival Information Systems.  
 

The Epistemology of the Records Continuum Model 

In order to better understand the epistemology of the Records Continuum 
Model, is necessary to for a while focus on concept of records. The 
fundamental epistemological principles of the Records Continuum Model 
are: 
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• Records are logical rather than physical entities. 
• Record’s formation and its packaging are integrated at higher levels of 

aggregation. 
• Records have continuing value. 
 
The manifestations of these properties are held within the record. 
Traditionally the archivist could physically point out a record as observable 
in paper that was a single document or collection of documents. In virtual 
archives, records are rendered results of data processing in computers 
systems (the recordkeeping objects).  
 

The Ontology of the Records Continuum Model 

• In order to describe the scope of a “record system”, important 
principles are: a) the concept of record (paper or electronic) and b) the 
integration of recordkeeping into business and societal processes and 
purposes. 

• The primordial characteristics of the phenomenon are described in 
terms of dimensions (i.e., create, capture, organise, pluralize) of the 
spacetime distanciation. These four dimensions contain the four 
continua: identity, transactionality, evidentiality and recordkeeping 
containers (later called recordkeeping objects). 

• Crucial principles for the nature and harmony of this model in some 
context are, using the words of Anthony Giddens:  

 
“…stretching of social systems across time-space, on the basis of 
mechanisms of social and system integration” (Giddens, 1984). 

 

Levels of Substitutionality – Revisited 

Figure 14 below describes the emergent model for developing Archival 
Information Systems for long-term preservation and access of digital 
information. 
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Figure 14 – Levels of Substitutionality – Revisited 
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In comparisons to figure 4, there are three observations to be explained: 
 

1. The foundation level. 
2. The abstract/philosophical-concrete chain 
3. The substitutionality chain. 

 
The foundation level has to be stable and not object for major changes. The 
foundation level can be expressed as the steering philosophy or the 
“paradigm” in which we think and act in order to preserve information for 
following generations. The reason for stating that is because we must have a 
perspective which contains a long-term thinking about the activities and the 
information to preserve. In this specific case The Continuum Model is the 
foundation for that expresses the continuing value of records. In the 
abstract/philosophical-concrete chain, the developers must raise their heads 
to a more philosophical level in order to avoid the development of software 
based on a technical-deterministic view. The substitutionality chain is similar 
to the explanation given in section Levels of Substitutionality (Chapter 5, page 
45). On the highest level I found the Records Continuum Model as 
explained earlier. On the next level I find the OAIS Reference Model more 
concretely providing the frame and making it possible to create architecture 
for Archival Information Systems that supports preservation and access. 
Finally on the lowest level are found the most replaceable parts, in the form 
of a practical software engineering method, guided by the steering 
philosophy and the OAIS standard. I am sure of if this journey is made by 
Archival Information Systems developers, then the resulting software 
should mainly and better fulfil the purpose of archiving. 
 

The Epistemology of Archival Information Systems 

Below I propose a set of epistemological principles for Archival 
Information Systems. 
• Dealing with Archival Information Systems is dealing with making 

digitally recorded information accessible. 
• Information is knowledge that can be exchanged. 
• Humans and systems have knowledge base.  
• Records are logical rather than physical entities and are represented in 

manifestations of data. 
• Records have continuing value by means of information exchangeability. 
• The information package, which constitutes of set of records, takes 

form in its creation moment. 
 
Why the term accessible and not preservation? I argue that access to 
recorded information is the essence of archives. Preservation is a very 
important pre-requisite, though “subordinate” activity. Access is only 
possible if records are preserved in the long-term. Preservation without 
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access is just storing data. The concept of record from diplomatics is quite 
old. I am convinced that no new radical different definition will be given, 
perhaps slight adjustments to fit actual legislation might come but nothing 
that disturbs my framework depicted in Figure 14. Not even a new 
definition of “electronic record” because the essence of records would 
remain. 
 
I argue for the terms “manifestation” and “exchangeability”. The first term 
means that records are physically fragments of bit streams, physically 
interconnected to each other creating a logical entity. This is true, especially 
if the record has been born digital. The term of exchangeability is to be 
understood as the result of accessing data rendered by processes in 
computers systems.  
 

The Ontology of Archival Information Systems  

In this section I propose a set of ontological principles for Archival 
Information Systems as follow: 
• Archival Information Systems embrace archiving of digital records in 

archiving organisations. 
• Forward Compatibility is achieved by means of openness and open 

standards. 
• Information and records has several states depending on the use of 

those within the archive by the render of the functions in the system. 
• Conceptualizing of archiving objects is done in terms of the four 

continua. 
• Accessibility and long-term preservation is stretching the longevity of 

records across time-space. 
• Providing accessibility and long-term preservation are responsibilities of 

archival organisations. 
 
I argue for the necessity of distinguishing between the organisation as a 
system and the technically built system. In our case, emphasis is put on the 
development of the technical system. The technical system includes 
collections of files, data bases, and software. The vocabulary of the OAIS is 
suitable for this aim (but without forgetting terms of the Records 
Continuum Model). Long-term preservation is achieved by setting up 
strategies based on state of the art technology. That means the archival 
preservation activity is an ongoing activity that might affect by technology 
changes. These changes have impact only on the lower levels of the 
framework. 
 
Accessibility is achieved by means of the Archival Information Systems 
functional performance. Archival Information Systems are used by archival 
organisations which preserve records and perform preservation activities. 
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The epistemology and the ontology for Archival Information Systems 
should guide us in stating methodological principles for the development of 
Archival Information Systems. Let’s say we begin our journey downwards. 
Today information lifetime is just prolonged by a set of activities when 
information passes from its native environment to an Archival Information 
Systems. These activities include making the data readable (compatible) for 
the new environment. Forward Compatibility should be addressed as a very 
open attitude (e.g. trough well documented description of the format, 
structure, etc., of the archival object and “giving it away” if asked). 
 

A Tentative Definition of Archival Information Systems 

This framework would give us understanding of Archival Information 
Systems. Therefore Archival Information Systems could be defined as 
information processing systems that serve any organisation which has the responsibility or 
necessity of preserving and making information accessible to a designated community. At a 
long extent this designated community ought to be the society itself. 
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 CHAPTER 6 

EMPIRICAL EVALUATION OF THE 

FRAMEWORK 
The framework was evaluated empirically during spring 2006 at the LDB 
Centre. The participants for this evaluation were people working at the 
centre. The major motive for this evaluation was to capture strengths and 
weaknesses of the framework and at the same time evaluation an acceptance 
of the framework. It is almost obvious that a theoretical product must be 
evaluated first in order to refine it before the product is applied in a 
concrete case. How the tested was conducted and the results of the 
evaluation are presented in the sections below. The evaluation was also 
presented as a paper (Quisbert, 2006) at Constructing and sharing memory: 
community informatics, identity and empowerment conference, Prato Italy, 
in October 2006. 

Method 

The method consists of two major part phases: the preparatory phase and 
the workshop itself. The workshop is divided in three phases: Critique, 
Fantasy and the Implementation Phase. The Critique Phase is used for the 
elicitation of problems or difficulties about the selected topic of discussion. 
The Fantasy Phase is used to unleash imagination and creativity in order to 
draw up possible solutions to the problems or difficulties found in the 
Critique Phase. In this phase it is important to have a “brainstorming” 
approach without criticism on the possibilities of implementing ideas. The 
Implementation Phase is used to separate between what the participants 
would like to see and what actually can be done. In every phase it is 
important to document the input from the participant by writing it on a 
whiteboard or A3 paper sheets taped on the walls. The participants might 
read the input during the whole workshop. Criticism or ideas might be 
weighted by giving grades or by listing them by putting the most important 
first in the list and so forth. 
 
The topic of the workshop was the Archival Information Systems Thinking 
Framework. The major focus of the workshop was to validate the thoughts 
presented in (Quisbert, Hägerfors, 2006) and to get input on how to 
approach the steps from the abstract higher levels of the Archival 
Information Systems Thinking Framework (figure 3) to the concrete lower 
levels. The preparatory phase consisted in preparing the participants for the 
coming workshop by orally presenting the idea of having a workshop on the 
topic. The Paper Foundations of Archival Information Systems (Quisbert, 
Hägerfors, 2006) was sent in advance to the group to be studied as an input 
for the workshop. The group of participants chosen was a group of 
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professional Archival Information Systems Developers. It was a group of 
five people. Three of them have worked for several years developing 
software. One of them graduated from university two years ago. The final 
participant also has a technical background and is working with strategic 
issues. The average time of working with long-term preservation is about 
one year. The group can be described as quite homogenous in background 
and experience. The workshop deviated from the method description in 
that the Records Continuum Model was explained in a short session before 
beginning the phases of the workshop. No grades where given to the input 
in the phases. Due to the topic, it was agreed that the discussion should be 
quite limited to the topic and matters surrounding the topic. The amount of 
time used was approximately one hour for each phase, due to the topic and 
the amount of participants. The workshop was carried out early in spring 
2006. 

Data Gathered 

The most significant results are presented below for every phase of this data 
gathering method. In the Critique Phase of the workshop a set of difficulties 
was disclosed. Most of them were related to the complexity of the Records 
Continuum Model. For instance the conception of time was difficult to 
understand intuitively. Other issues were that the Records Continuum 
Model might not cover “everything” (i.e. every aspect that is needed to be 
covered in order to make preservation meaningful) and this model is as one 
of the participants expressed “just another model”. The OAIS Reference 
Model was accepted, but the reaction in the group was that the models 
might be difficult to “mix” and that the mix (or just the Records Continuum 
Model alone) might be difficult to implement. The reason for those 
comments was that the Records Continuum Model seems to be even more 
abstract than of the OAIS Reference Model. A quite isolated remark 
concerned research. The comment suggested that perhaps other research 
“entries” than records research should be necessary in long-term digital 
preservation research. 
 
In the Fantasy Phase of the workshop, an ideal model (Figure 15) was 
proposed as follow:  
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Figure 15 – Ideal Approach to Preservation and Access 
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The question that needed to be answered here was: What are these general 
“principles” that lead to a general method? The answers given were based 
on questions raised in discussion within the group. A) What is the purpose 
of archives in society? and B) what aspects of society or “the archive being” 
(the records or digital information or what ever to be preserved) need to be 
reflected in the long term? A common concept that appeared several times 
was “everything” and depicted as big circle (Figure 16). Within this big circle 
the societal, organisational or (what ever) aspects of “the archival being” can 
be found (the smaller circles, just examples). Within the smaller circles are 
found principles for what can or needs to be preserved, and finally in the 
smallest circles what material actually might be preserved.  
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Figure 16 – Everything and suggested principles within it 

One comment concerning this set of (unknown) principles was that the 
principles should, as in Christian belief, serve or have same function as “The 
Ten Commandments” in order to “rule” the mentality and the actions of 
the preservation community and be powerful enough to survive technical, 
legislative or societal changes, this in order to ensure that everything is 
covered and preserved. In connection with this discussion some parts of the 
OAIS concept of Information package were questioned. Other comments 
in this phase concerned, once again, the concept of everything but in the 
search of standardised metadata about all possible things. This should, in 
some sense, unite the (preservation) community under one umbrella. 
 
In the Implementation Phase most of the comments concerned not the 
possibilities but the necessity of stating the still unknown principles. The 
common attitude was that “everything is viable” and the principles and the 
model (figure 4) should be normative within the digital preservation 
community. This is due to its scientific underpinning in which is shown that 
the aspects (or principles) are reflected in the smaller circles and the smaller 
circles are concretizations of the aspects (or principles).  
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Analysis 

I have found two categories of data related to the long-term preservation 
process: A) Short term actions and B) Long-term fundamentals. In the first 
category I found the terms of standardisation and other others that may 
support developers in their everyday work. In this category the Records 
Continuum Model, the OAIS Reference Model and the Archival 
Information Systems Thinking Framework are included. The main reason is 
the following: these models are, as the developers express, just models. They 
might describe an idea or depict a phenomenon. These models are based on 
knowledge about a phenomenon at a certain point in time and might be 
used during that period of time. New models might (and surely will) emerge. 
Even the Archival Information Systems Thinking Framework has limited 
longevity. It was obvious that forward compatibility is a “default desire” in 
long-term digital preservation in order to make the process easier.  
 
The comments about the difficulties of mixing the models in another model 
and the implementation of the latter could be interpreted as follow: Dealing 
with the OAIS Reference Model is already difficult. This model is an 
abstract model and open to different interpretations and implementations. 
Adding another model in the process of long-term digital preservation and 
access might complicate things even more. The intention with the Archival 
Information Systems Thinking Framework was then not fully understood. If 
this interpretation is accurate, then the conclusion that can be drawn is: a) 
either they did not fully understand the model or b) there might exist mental 
conflicts between the models, especially between the Records Continuum 
Model and the OAIS reference Model or c) due to The Records Continuum 
Model complexity and level of abstraction, it might be necessary to 
formulate a “simpler version” of this model in order to easier be understood 
by practitioners. However the question is if this is possible or rather 
desirable. I think it’s possible but not desirable because its complexity forces 
one to think a bit (or perhaps very) differently in the conception of or when 
dealing with records. I pointed out in the Motivation section of the paper 
that the development of digital archives demands a revision of the 
fundamental ideas in software development. The remark about time in the 
Records Continuum Model was discussed and later understood. 
 
In the second category I found that the lack of deeper guidance or 
philosophy is the most crucial. The aspects of the framework that where 
understood an accepted were The OAIS Reference Model because is well-
known by the participants, and the MDA approach due to the background 
of the group. According to the “ideal” approach to preservation and access 
a not really a new revision must be done to the Archival Information 
Systems Thinking Framework but is necessary to put it in the “right” place 
within this “ideal model”. In this context, the proposed framework might be 
used just for specific purposes in a certain point of time, but together with 
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archive objects (its definitions, properties, etc.) and organisational issues 
given or existing at the same point of time. The motive for that is that the 
development of digital archives must embrace the archive objects, the IT-
support and organisational issues within the archival organisation i.e. long-
term preservation must evolve with all these components as whole. 
Extending this idea, a further level is perhaps necessary in order to 
“complete” the framework and this level should be “placed” at the top of 
the framework. 
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CHAPTER 7 

CONCLUSIONS AND DISCUSSION 

My View of Archival Information Systems 

The evaluation of the Archival Information Systems shows two conclusions: 
a) The Archival Information Systems Thinking Framework might be useful 
when developing archival software, this in the reference to short term 
actions, and b) a set of principles (perhaps based on philosophical base) 
needs to be set in order to carry out a meaningful long-term preservation 
and access of digital information, this in reference to long term 
fundamentals. To the first issue I use the expression “might be” because the 
group did not reject either accepts the framework directly. This means that 
the framework needs to be further evaluated and developed.  
 
I propose a new view of Archival Information Systems. This view is based 
on the developed framework. Understanding the framework should give a 
vision of what Archival Information Systems are and what kind of context 
these systems embraces, and what are the purposes of them. One important 
remark need to be pointed out. I still use the term of record in order to 
maintain the vocabulary of the Records Continuum Model. As my 
colleagues and me put in The Information Life Cycle (Runardotter et al., 2005) 
we are interested in information. A refinement of this framework should 
merely address information than records. 
 
• Dealing with Archival Information System is dealing with making digital 

recorded information accessible. Of course dealing with Information 
Systems is in deed making information accessible.  

• Information is knowledge that can be exchanged. The intention of an 
Archival Information system must not be storage. The use of 
Information Systems must be seen as the pluralization of information in 
order to promote the growing of knowledge not only within the 
designated community but also in society. 

• Humans and systems have knowledge base. Since the idea of spacetime 
distanciation identifies a bigger range of information customers, one 
important intention of an Archival Information Systems should be 
increasing the knowledge (base) of humans through the services of 
Archival Information Systems i.e. the accumulated knowledge in these 
systems (their bases). 

• Records are logical rather than physical entities and are represented in 
manifestations of data. This is a major principle. Instead of record I 
should state information and its structure is logical rather than physical. 

• Records have continuing value by means of information exchangeability. 



 58 

This statement is closely related to the principle Humans have knowledge 
base and not differs from the idea of space time distanciation. I add an 
extra dimension to the continuum value connected to the use of 
records. According to our Information Life Cycle Model, information needs 
to be used in order to avoid just being data. The utilization of records as 
information sources keeps, according this view, the records a live. 

• The information package, which constitutes of sets of records, takes 
form in its creation moment. As is the state of the art today, records are 
sent to custodial institutions for its preservation. The records received 
should not be seen as “death” objects. In stead should be considered as 
“living” pieces of information that has been created in other context. 
The Archival context, as seeing today, should take care especially of the 
organisational and pluralizing dimension of records. 

• Archival Information Systems embrace archiving of digital records in 
archiving organisations. At this point we are focusing on archiving in 
terms of traditional archiving. The Continuum idea opens for a 
borderless archiving/recordkeeping.  

• Forward Compatibility is achieved by means of openness and open 
standards. The continuum idea is only possible with long-term digital 
preservation. The openness of systems and information makes possible 
that data can be accessed by new generations of technology.  

• Information and records has several states depending on the use of 
those within the archive by the render of the functions in the system. 

• Conceptualizing of archiving objects is done in terms of the four 
continua. The next section below shows that deeper philosophical 
fundaments for preservation are needed. As I see the four continua 
transactionality, identity, evidentiality, recordkeeping containers, gives some to 
some extent a beginning in the search of deeper philosophical 
fundaments for long-term digital preservation. 

• Accessibility and long-term preservation is stretching the longevity of 
records across spacetime. This statement is closely related to the 
principle Records have continuing value by means of information exchangeability 
and not differs from the idea of space time distanciation. I add an extra 
dimension to the continuum value connected to the use of records. 
Once again our Information Life Cycle Model demands more form 
information (or records) that is that information needs to be used in 
order to avoid just being data. But in this case I am focusing on the 
technical aspects of Archival Information Systems. Imbedded functions 
in archival systems should provide accessibility and deal with the digital 
preservation of information (records).  

• Providing accessibility and long-term preservation are responsibilities of 
archival organisations. I should at this stage state that still archival 
organisations are responsible of the custody, preservation and providing 
access of records. Due to the principle of digital preservation is an ongoing 
activity, archival (and/or recordkeeping) organisations are responsible for 
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the digital preservation activities of digitally stored information i.e. 
records. The idea of spacetime distanciation offers the opportunity of 
distributing the responsibility of digital preservation to other custodial 
organisations. This led us to the conclusion that digital long-term 
preservation in not an issue only for traditional archival organisations 
but the any organisation that creates and/or keeps and provides 
information. 

 

The Metaphysical Level of the Framework 

As shown in the section of Evaluation of the framework (Chapter 6), a 
metaphysical level in the framework has been disclosed. This level should be 
based in deep philosophical foundations that should cover several aspects of 
archiving, the archiving object and preservation activities such as physical 
aspects: decay of materials, biotic: pests eating it, lingual: language changes 
over long term, social: social and cultural connotations and meanings 
change over long-term, juridical: legal matters of e.g. long-term ownership, 
for instance after someone has died, pistic: the religious or faith, moral 
ethical, normative contexts that can change, probably slowly (over 
centuries), so this might provide a better degree of harmony over the 
preservation period than earlier aspects. It could be the necessary to make a 
review of the framework in order to add at least one more level: a deep 
philosophical level (Figure 17).  
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Figure 17 – Levels of Substitutionality - Revision 2 

Furthermore the framework might be used both in development of Archival 
Information Systems and supporting long-term digital preservation as well 
as in similar contexts. The use of it should be addressing certain matters or 
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issues in the “right level”. As an example15, my concept of Forward 
Compatibility is a matter of attitude (Level 7 – Philosophical Foundation) that 
pleas for good documentation of the developed Archival Information 
System and generosity towards those whom might examine the system. The 
developed Archival Information System might be well expressed in terms of 
Platform independent Model such as UML diagrams (Level 3), Platform 
Specific Model such a the specification of the system in a Windows XP 
environment (Level 2) and Software such as the source code (Level 1). It is 
now when I can place the right level for the concept of Forward 
Compatibility. Another example: if legislation changes then in which levels 
should these changes might be discussed and addressed? Only in Level 5 
alone or the do these changes have impact and Levels 6 and 5? A last 
example: how to deal with the concept of Information Package described in 
the OAIS Reference Model? This issue might cover all levels such as What 
to preserve (Level 7) the conceptualization of information objects or 
records (Level 6, analyzing the context of the information in within an 
(Archival) Information System (Level 5),  analyzing the context of the 
information in within an organisation  (Level 4), analyzing the context of the 
information in term of information flow , databases schemas, XML 
structures or UML diagrams (Level 3), analyzing the context of the 
information in terms of  actual databases (t ex Oracle) or the environment 
(Windows XP) (Level 2),  and finally analyzing the context of the 
information in terms of files or code source, etc (Level 1). 
 

Research Observations 

Returning to Upwards idea of the “independence” of records from the 
physical (and intellectual) connection to archival organisations (Upward, 
1997), the question that arises is if isn’t better to put efforts in only 
developing Recordkeeping Systems? I can put a counter question: if isn’t 
better to put efforts in only developing Archival Information Systems? 
Regardless on any debate, this idea calls for convergence in 
Recordkeeping/Archival Systems. Still, at this point of time, is necessary to 
cope with the way society and its institution look like today. I believe the 
way society evolves should show the shape of this “convergence”. 
 

The Concept of Societal Memory Information Systems 

A very peculiar observation I made was that, there is a kind of systems 
convergence in the several societal institutions. This convergence is 
constituted by Archival Information Systems, Library Systems, Digital 
Repositories, Preservation Systems and Museum Information Systems in 
archival, librarian and museum organisations. This convergence has two 
common denominators. 
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1. Long-term preservation of information 
2. The change of work practice of the expert user (i.e. archivist, librarian 
etc.) 
 
First, the long-term preservation of information in Archival Information 
Systems, LS, DR, PS and MIS, is very similar. I should almost state that this 
activity is exactly the same. Of course, there exists some differences 
between those named supporting systems, but the difference is mostly in 
the purpose of the system. In OAIS terms I might stat state the functions or 
activities of ingest, data management, storage, access and preservation 
planning are the same. One of the most important common purposes of 
those systems is to maintain our societal memory alive!  
 
Second, the expert users of those systems are changing their work practice. 
Archivist or librarian, etc., are not longer archivists or librarian in the 
classical terms of archives or libraries. Their work practice has been changed 
to be experts on using Societal Memory Information Systems in order to 
maintain our societal memory alive! I think a definition of Societal Memory 
Information Systems is necessary. I’ll begin re-quoting the definition 
archives from the OAIS Reference Model: 
 
An archive is “An organisation that intends to preserve information for 
access and use by a Designated Community” or my own definition of 
Archival Information Systems as: “an information processing system that serves any 
organisation which has the responsibility or necessity of preserving and making 
information accessible to a designated community. At a long extent this designated 
community ought to be the society itself.” Using the later words which seem to be 
more appropriate, Societal Memory Information Systems could be defined 
as:  
 
A Societal Memory Information System is an information processing system that serves a 
societal memory organisation (archives, libraries, museums, etc.) which has the 
responsibility of preserving and making societal memory information accessible to a 
designated community i.e. the society itself. 
 

Managing the Long-term Digital Preservation Knowledge 

There are two important considerations to be done when developing or 
using an Archival Information Systems (or any kind of software). Those are 
platform dependency and supplier dependency. There are risks (but also advantages) 
coupled to these aspects. It is inevitable that any kind of Information 
System must rely upon a specific platform and therefore be supplied by one 
or more suppliers, also an Archival Information Systems. Platform 
dependency forces (sometimes) developers to platform specific technical 
solutions. This could imply deviations from standards. Supplier dependency 
implicates not only expertise from a third part organisation but some people 
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involved in the process of long-term preservation (such as employees at the 
Swedish National Archives). This should imply that knowledge is lost if 
people, who knows how to deal with the Archival Information Systems, 
leave the archival organisation. A question that arises in this case is: how to 
retain the knowledge within the archival organisation? What is important 
then is to set up strategies to manage the knowledge of long-term 
preservation. I believe that this knowledge management is one of the major 
keys for a successful long-term preservation process because software and 
hardware are renewable resources and knowledge is not. This might be a 
separated but important research area. 

Some Methodological Reflections 

There are several questions I asked my self during this research process. 
One of the questions is obvious. Since the major part of this thesis has a 
theoretical foundation, how valid or credible are the results presented here, 
not only the results, but the whole thesis? Other questions were: do I have 
enough and the right references? Have I used methods in the right way? 
Have I discussed the subject deeply enough? Could I have done differently? 
And finally, have I achieved my research goal? I want to discuss this 
questions, primarily for my self, in order to this “confession” will lead to a 
better understanding of the research process and more rigorous approach 
on it in further research. 
 

The Credibility of the Thesis 

There are several definitions of the components of credibility in a thesis. 
The components are Validity and Reliability. Blaxter et al. (1996) explains 
validity as “whether your methods, approaches and techniques actually relates 
to, or measure, the issues you have been exploring.”  And reliability is 
explained by the same authors as:  
 

“Have I carried out [my research] in such a way that, if another 
researcher were to look into the same question in the same 
settings, could come up with essentially the same results (though 
not necessarily an identical interpretation).” (Blaxter, 1996).  

 
In both these definitions I find track of control and measurement. Since 
subjectivity has coloured this thesis other definitions might be more suitable 
answering the question of the credibility of this thesis. Miles and Huberman 
(1994) suggest a number of questions that could be asked to ensure 
reliability. The questions are suitable analyzing qualitative data. Since some 
qualitative data was gathered during my research I use these questions in 
order to address the reliability aspect of my whole thesis. 
 
1. Are the research questions clear, and are features of the study design congruent with 
them? 
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Yes. As I see it, the research question is clear, and papers, especially 2 and 3, 
are indeed in search of answers to the central research question.  
 
2. Is the researcher’s role and status within the site explicitly described? 
Yes. In papers 1 and 2 are we (the authors of the paper) arguing, 
subjectively, from our own point of view. In the future workshops, 
described in paper 3, I tried to adopt as well as possible the leader role 
demanded by the method. My role was clear. Some reflections about my 
role and this method can be read in paper 3 (Quisbert, 2006).  
 
3. Do findings show meaningful parallelism across data sources (informants, contexts, 
times)? 
I can’t answer because I used just one source (paper 3).  
 
4. Are basic paradigms and analytical constructs clearly specified (Reliability depends, in 
part, on it connectedness to theory)? 
Partially yes (or no). As I judge it, everyone that reads this thesis might 
come to the conclusion that I am seeing the researched field with 
Information Systems spectacles. My theoretical choices spokes for it and 
also the results of my research. When it comes to analytical constructs I am 
thinking about the proposed framework and its evaluation. As showed in 
paper 3, the framework was partially accepted (with the clarification that in 
was not rejected). Perhaps this partiality might be related to the proposal 
which might have weaknesses. Some reflections about it can be read in 
paper 3 (Quisbert, 2006).   
 
5. Were data collected across the full range of appropriate settings, times, respondents, and 
so on suggested by the research questions? 
Yes. Since this thesis was carried out in the context of long-term 
preservation the respondent group was obvious and given beforehand (The 
LDB Centre). 
 
6. If multiple field-workers are involved, do they have comparable data collection 
protocols? 
No, since I was the only one collecting data. 
 
7. Were coding checks made, and did they show adequate agreement? 
Yes. The Future Workshop Method demand special coding in order to 
gather data, but some slight adaptations was also made. In papers 1 and 2 
and the cover paper no especial coding was utilized. 
 
8. Were data quality checks made (e.g., for bias, deceit, informant knowledgeability)? 
Yes. I couple this answer to question 5.  
 
9. Do multiple observers’ accounts converge, in instances, settings, or times when they 
might be expected to? 
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No, since I was the only one collecting data (as in question 6). 
 
10. Were any forms of peer review or colleague review place? 
Yes, both for the papers and the cover paper. The papers were submitted to 
peer-reviewed and refereed conferences, and accepted. Peer review of the 
cover paper was made regularly by my supervisor. 
 
Validity relates to the trustworthiness of the thesis, that means there are 
realistic interpretations made from the empirical data (Yin, 1994; Miles & 
Huberman, 1994) but also to methodological soundness and 
appropriateness (Graziano & Raulin 2000). The concept of validity in 
research needs to be addressed in terms of, for instance, construct validity, 
internal validity, and external validity (Yin, 1994). Construct validity aim to 
establish correct operational measures (Yin, 1994). Due to in my work 
nothing is measured I can not express this validity constraint. External 
validity aims to establish whether the conclusions of a study are transferable 
to other contexts (Miles & Huberman, 1994). The context of the study is 
very specific, that mean that I can not express any external validity of my 
thesis. 
 
Now we arrive to the delicate question of validity. Do the findings of the 
study make sense? Are they credible to the people (or context) we study or 
to our readers? Asks Miles & Huberman (1994) suggest a set of questions 
that might address internal validity. In this case I only respond to the 
question I to which I can answer yes or positively. 
 
2. Does the account “ring true,” make sense, seem convincing or plausible or enable a 
“vicarious presence” for the reader? 
Yes. I say yes because the framework was not rejected at all. The framework 
revealed something missing within the LDB Centre and (perhaps) within the 
framework itself. 
 
8. Are areas of uncertainty identified? 
Some areas were identified and pointed out in paper 3. 
 
12. Were the conclusions considered to be accurate by original informants? 
Positive (but partially). My paper 3 was actually reviewed by Frank Upward, 
the most predominate name in the development of the Records Continuum 
theory. One of his comments was: “The idea of a framework for thinking 
about the issues [both business and recordkeeping-archiving processes] makes it 
much easier to begin discussing them – and that is what I like most about this 
paper”.15 
 
 
                                                 
15 This is a direct quotation from the referee report concerning my paper. 
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There is one discussion point in reference to the reliability and validity of 
the thesis. I have presented above my own reflections about the credibility 
of the study using checklists accounting qualitative data analysis. It is rather 
correct because I have gathered some qualitative data. However, not all the 
questions were suitable in order to answer or measure the validity and 
reliability of the thesis. This is one of the reasons that there are only three 
positive answers to the 13 point list of found in Miles & Huberman (1994) 
concerning internal validity. However, I have used these checklists because I 
found some suitable questions that I was already trying to formulate 
concerning the credibility of my thesis. 
 
Another question that needs to be discussed is the future Workshop 
method used to gather the qualitative data in paper 3. Why did I get the data 
I got? There are two possible answers to that question: a) I might have used 
the wrong method. There are a large number of data gathering methods, but 
I judged the used method to be appropriate method due to its future-
orientation and I needed a deep evaluation of the Archival Information 
Systems Thinking Framework. b) I might have used the method wrongly. I 
have little experience leading this kind of workshop and maybe I did not 
have enough leadership in order to deeply discuss just the Archival 
Information Systems Thinking Framework. Maybe it was necessary to be 
rigorous applying the method but I considered that some modification 
might not affect the results due to the limited group of participants. Anyway 
the topic was discussed; the concepts, terms and definitions from the 
theoretical section of this paper were used during the workshop. As I see it 
the group needed an input (the workshop) in order to disclose the lack of 
deeper fundaments in the process of long-term digital preservation and 
access. 
 

The References Dilemma 

Referencing is a part, as I conceive it, of dealing with theory and 
consequently of highest importance for the scientific relevance on a thesis. I 
see two issues to be covered in this matter. First the easy part. There are 
several system for referencing and I have used in this thesis Harvard system 
(stringently, I hope), a new acquaintance because of my technical 
background I was very used to the IEEE Referencing system. The second 
part is a bit more complicated. How much to refer or rather which are the 
important references in the thesis? I think that there should be two 
categories of references. The first one should correspond to the corpus of 
treatise i.e. the really relevant references. Such a way, should reflect, in my 
opinion, some kind of validity of the treated subject. The second category 
should be compound by the set of references utilized to underpin the 
surroundings of the thesis (such as the introductory part). Looking at a 
reference list gives the impression that all references have the same 
importance. A difficulty in referencing is when some ideas or statements are 
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“public domain”. For instance, I wrote in Chapter 1, page 4: “The use of 
computers and computer technology has become to change several 
conditions in society during the latest decades.” This statement has been 
addressed not only by scientist in several disciplines but also by politicians, 
journalist and the whole society. I think that that is indisputable. Are such 
statements worth referencing? 

Have I Used the Methods in the Right way? 

What can I say when the central part of this thesis is a theoretical construct. 
I put two theories together and according to Graziano & Raulin (2000) that 
is a premise for a theoretical construct. Subjectively as Weber (1946) 
expresses, the result is an ideal type of what the thinking of Archival 
Information Systems ought to be. In other words it expresses my ideal 
Gedankenbild. In order to the find weakness and strengths within it, 
opinion from presumptive user of the framework was, as I judged it, the 
natural way carrying out an evaluation of the theoretical construct. Some 
reflections about how this can be read in paper 3 (Quisbert, 2006).   

Have I Discussed the Subject Deeply Enough? 

A single search by Google with the terms “records continuum”, and “OAIS 
Reference Model” renders about 17 800 links and 31 000 links respectively. 
Therefore my spontaneous answer is no. There is a difficult trade off 
between reading and understanding towards producing (papers or/and 
thesis). Some day, what is the head must be put in print. Delimitation is 
necessary and god stuff in the tangent of the subject might be excluded. 
Another aspect of these issues is having enough arguments discussing the 
subject. I see it as a maturing process. Not only in respect of how to 
argument but principally in respect of that studying more theory, thinking 
more deeply on the subject, collecting more data, etc., should naturally 
develop deeper knowledge on the subject and automatically generate more 
and better arguments. 

Could I Have Done Differently? 

Of course! I have experienced many things during this research journey. I 
have learned a lot. Having this thesis in my hand and contemplating it I 
realize that I have committed many mistakes. For instance I have not being 
enough critical against the Records Continuum Model, I have not being 
enough critical against archival literature, or other theories that helped me 
bringing out this thesis. I think the simple reason is that I became fascinated 
about other philosophical perspectives that I never believed existed. This 
thesis is the first step in my doctoral studies that will end achieving a 
philosophy doctoral degree. I see these studies as a learning process. I am 
very confident that on the next steps of my studies, my research process will 
be improved. 
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Have I Achieved my Research Goal? 

This matter concerns whether I have found answers to my research 
question and its subordinate sub-questions. I recall the research questions 
from Chapter 2 and check if the questions were answered. First the central 
research question. 
 
• What kind of new thinking is necessary in the development of Archival 

Information Systems? A new kind of thinking is proposed. This issue is 
addressed by the central part of the thesis (Chapter 6). 

 
The subordinate questions follow:  
 
• What is an Archival Information System? A tentative definition for Archival 

Information Systems is given in Chapter 4, page 50. 
o Is there any difference between “traditional” Information Systems and 

Archival Information Systems? Yes. Some difference are found and 
described in Chapter 5, page 43. 

o Are there different kinds of Archival Information Systems? The answer 
should be: there is some Information Systems that can offer 
archival services, such as Archival Information Systems and 
Records Management Systems. 

• How are and how should Archival Information Systems be developed? The how 
are-question is responded by showing that research confirms 
shortcomings and suggest research in the field (Ruusaplepp, 2005; 
Hedstrom, 1998). This thesis aims to give contribution is the matter of 
how should. 

o Is there any difference between the development of IS and Archival 
Information Systems? Yes. This question is responded by the 
differences towards traditional IS and the suggested framework. 
(Chapter 5, p 43 and Chapter 6). 

o In what consists of this difference? Is the difference about method, 
methodological, philosophical? Having in mind Ruusalepp 
(2005) is a question that could not be addressed extensively. In 
matters of method should not be differences. Nevertheless is 
important to address methodological and maybe also 
philosophical issues in the development of Archival Information 
Systems. The proposed framework should be used as guidance 
in this matter. 

o What is the state of the art of Archival Information Systems? This 
question is answered in term the description of the OAIS 
Reference Model (Chapter 4). 
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CHAPTER 8 

FURTHER RESEARCH 
The issue on use of processing tools, states that new Information Systems 
should ensure the longevity of digitally created information. This means 
pro-actively set up Forward Compatibility. Today information lifetime is 
prolonged by a set of activities when information passes from its native 
environment to Archival Information Systems. These activities include 
making the data readable (compatible) for the new environment. Forward-
compatibility should be addressed in collaboration with soft ware vendors if 
possible. 
 
It is inevitable that any kind of Information System must rely upon a 
specific platform and be supplied by one or more suppliers. Platform 
dependency sometimes forces developers to platform specific technical 
implementations. This could imply deviations from standards. How affect 
this issue the framework? Supplier dependency implicates not only expertise 
from a third part organisation but also people involved in the activities of 
long-term preservation such as archivists. How to involve the in the design 
of long-term digital preservation software?  
 
There are a set of actions that will follow this thesis. I might say that “I need 
another opinion” in order to refine the Archival Information Systems 
Thinking Framework. Further workshops for the evaluation of the 
framework are to be carried out. A natural next step in our research should 
be to apply and the proposed framework in a real case study that should 
deliver a prototype. This in order to refine the methodology by means of: a) 
adding parts that could be missing, b) correct weaknesses, c) reinforce 
strengths and d) approach the lower levels of this framework. This may be 
achieved in cooperation with developers within the LDB Centre, whom 
might apply this framework in the development of Archival Information 
Systems or long-term digital preservation software. 
 
A contribution to continuum theory is also conceived, sketched and planed 
as a paper. That will be called the Long-term Digital Preservation 
Continuum. As I see long-term digital preservation is a prerequisite for the 
continuum.  
 
Archives have been “the case”, but how approach long-term digital 
preservation in other areas such as libraries, museums, etc, which also have 
preservation responsibilities?  
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CHAPTER 9 

SUMMARY OF THE ARTICLES  

Paper 1 – The Information Life Cycle – Issues in Long-term 
Digital Preservation 

Abstract 
In this paper a new view of the life cycle of information within the archival 
world is described. In line with the Continuum Model we claim that 
information never dies. Instead it evolves and reshapes continuously. The 
constituents for information are: the context in which information is born 
and flows, internal attributes which enrich and gives better understanding of 
information, and the tools used for managing distribution, dissemination, 
access and availability of information. 
 

Paper 2 – Foundations for Archival Information Systems 
Development 

Abstract 
In this paper, we propose a foundation for the development of Archival 
Information Systems (AIS). The OAIS Reference Model standard, that is 
supposed to guide system developers, deals with the creation of archival 
software intended to manage records. The model alone does not however 
provide enough guidance for developers who try to carry out systems 
development in accordance with the standard. The Records Continuum 
Model deals with the creation and management of records from the records 
perspective, thus providing an epistemology and ontology for the 
development of AIS. In this paper we propose that such a framework is 
necessary for the development of AIS that are well functioning in relation to 
the goals of such systems. In addition, a software engineering method 
alleviating the practical development work is needed. The foundation 
proposed thus consists of three parts; the Records Continuum Model, the 
OAIS Reference Model and a software engineering method. We propose 
that well functioning AIS can be developed only when these three parts are 
considered as a whole. 
 

Paper 3 – Evaluation of the Archival Information Systems 
Thinking Framework 

Abstract 
Archives are an essential part of our societal memory. The use of 
Information Technology (IT) in archival context has pointed out the need 
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of preserving digital information. There is a need of methods and 
techniques for preservation activities and the development of supporting 
tools. Archival Information Systems are a special kind of Information 
Systems. The development of Archival Information Systems has to be non-
ad hoc implementation based on a special way of thinking. The paper A 
Foundation for Archival Information Systems Development (Quisbert, 
Hägerfors, 2006) proposes a thinking framework based on the Records 
Continuum Model, the OAIS Reference Model and the Model Driven 
Architecture (MDA). In this paper the results of an evaluation of this 
thinking framework are presented. The evaluation shows that the 
framework might be useful but further evaluation is needed. The evaluation 
also shows the lack of fundamental principles for long-term preservation 
and access.  
 
The Centre for Long-term Digital Preservation (CLDP) connected to the 
Luleå University of Technology (LTU) in Sweden, is an R&D division 
working with digital preservation issues. The intention of the proposed 
framework is to be the fundament for developing a prototype for an 
Archival Information System, at this centre. Later, a complete software 
implementation base upon the proposed framework should be developed in 
order to support long-term preservation of digital information embracing 
important characteristics of the Continuum Model and the OAIS Reference 
Model and the MDA. 
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APPENDIX 1 
 
Below follow a list of web resources I have used and I am still using in my 
research work. 
  
http://www.si.edu/archives/archives/dollar%20report.html 
ARCHIVAL PRESERVATION OF SMITHSONIAN WEB 
RESOURCES STRATEGIES, PRINCIPLES, AND BEST PRACTICES 
http://www.si.umich.edu/CAMILEON/ 
The CAMiLEON Project 
http://www.leeds.ac.uk/cedars 
Cedars Project 
http://www.delos.info 
DELOS Network of Excellence on Digital Libraries 
http://www.library.cornell.edu/iris/tutorial/dpm/index.html 
Digital Preservation Tutorial Table of Contents 
http://www.library.cornell.edu/iris/tutorial/dpm/foundation/oais/ 
Digital Preservation Tutorial 
http://www.kb.nl/menu/expertise-en.html 
Expertise and development 
http://www.searchtools.com/info/info-retrieval.html 
Information Retrieval Research - SearchTools Topics 
http://www.antwerpen.be/david/website/eng/index2.htm 
DAVID - Digitale Archivering in Vlaamse Instellingen en Diensten 
http://www.rlg.org/longterm/oais.html 
Open Archival Information System (OAIS) Resources 
http://www.rlg.org/index.php 
RLG Home 
http://www.longnow.org 
The Long Now Foundation 
http://www.dpconline.org/graphics/index.html 
Digital Preservation Coalition 
http://www.dlib.org 
D-Lib Magazine 
http://www.computer.org 
IEEE Computer Society 
http://www.iis.sinica.edu.tw 
Welcome to ICDAT 2005 
http://jodi.ecs.soton.ac.uk 
JoDI: Journal of Digital Information 
http://www.ahc2005.org/en 
Humanities computers and Cultural Heritage 
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http://www.iatul.org/conference/proceedings 
IATUL - Conferences - Proceedings - International Association of 
Technological Libraries 
http://www.clir.org/pubs/pain/pain09.html 
Preservation & Access International Newsletter No. 9 
http://www.archimuse.com/publishing/mw_2000_intro.html 
Archives & Museum Informatics: Publications: Museums and the Web 
2000, Selected Papers 
http://www.rekihaku.ac.jp/index_ne.html 
NATIONAL MUSEUM OF JAPANESE HISTORY 
http://www.abmt.unibas.ch 
Abt. Bild- und Medientechnologien 
http://www.asu.edu/ecure/2004 
ECURE: Preservation and Access for Electronic College and University 
Records 
http://www.nla.gov.au/padi/topics/292.html 
PADI - Digital imaging 
http://home.pacbell.net/hgladney/ddq.htm 
DDQ (Digital Document Quarterly) Index 
http://www.erpanet.org 
ERPANET - Electronic Resource Preservation and Access Network 
http://www.sims.berkeley.edu/research/projects/how-much-info-
2003/execsum.htm 
How Much Information - Executive Summary 
http://www.naa.gov.au/recordkeeping/preservation/digital/summary.ht 
National Archives of Australia - Recordkeeping - Digital Preservation 
http://www-personal.si.umich.edu/~calz/ermlinks/pres.htm 
Electronic Recordkeeping & Preservation 
http://www.digitalgovernment.org 
National Science Foundation’s Digital Government Research Program 
http://europa.eu.int/historical_archives/dlm_forum/index_en.htm 
DLM-FORUM 
http://www.rlg.org 
RLG Goal--Digital Preservation & Ensured Long-term Access 
http://www.archives.gov/electronic_records_archives/index.html 
NARA | Electronic Records Archives | ERA Main Page 
http://www.kb.nl/coop/nedlib 
Nedlib homepage 
http://www.loc.gov/ead/tglib1998/tlelem.html 
EAD Tag Library for Version 1.0: EAD Elements 
http://java.sun.com/products/jfc/tsc/articles/persistence 
Long-Term Persistence for JavaBeans 
http://tom.library.upenn.edu 
Typed Object Model (TOM) at the University of Pennsylvania 
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http://www.kbst.bund.de 
KBSt - Koordinierungs- und Beratungsstelle der Bundesregierung für 
Informationstechnik in der Bundesverwaltung 
http://www.digitaleduurzaamheid.nl 
Digitale Duurzaamheid 
http://www.dcc.ac.uk 
Digital Curation Centre 
http://www.bar.admin.ch/bar/engine/Home 
Schweizerisches Bundesarchiv 
http://www.prov.vic.gov.au 
PUBLIC RECORD OFFICE VICTORIA 
http://www.sdsc.edu/NARA/ 
NARA Project 
http://www.jisc.ac.uk 
Digital Preservation Focus 
http://www.prestospace.org 
PrestoSpace 
http://www.minervaeurope.org 
MINERVA Website 
http://www.brickscommunity.org 
BRICKS 
http://www.michael-culture.org/project.html 
MICHAEL: Multilingual Inventory of Cultural Heritage in Europe 
http://www.sims.monash.edu.au/research/rcrg 
Records Continuum Research Group (Monash University) Home Page 
http://hermia.emeraldinsight.com 
Emerald Journals, Records Management Journal 
http://gathering.itm.mh.se/framtidensarkiv/index.html 
Framtidens arkiv 
http://www.interpares.org 
InterPARES Project: 
http://www.archimuse.com 
Archives & Museum Informatics: Consulting, Publishing and Training for 
Cultural Heritage Professionals 
http://www.arkivsamfundet.org 
Svenska Arkivsamfundet 
http://bcdlib.tc.ca/tools-preservation.html 
The British Columbia Digital Library: Construction Tools: Preservation 
http://www.prov.vic.gov.au/vers/vers/default.htm 
Victorian Electronic Records Strategy - Forever Digital 
http://www.archivoybibliotecanacionales.org.bo 
Archivo y Biblioteca Nacionales de Bolivia 
http://ldb.project.ltu.se 
LDB Centrum 
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http://ec.europa.eu/comm/secretariat_general/edoc_management/dlm_fo
rum/index_en.htm 
DLM-FORUM 
http://www.dlm-network.org 
DLM Network - Home 
http://www.archivists.org.au/pubs/a&m.html 
ASA Journal: Archives and Manuscripts 
http://nost.gsfc.nasa.gov/isoas 
ISO Archiving Standards - Overview 
http://europa.eu.int/information_society/activities/digital_libraries/index_
en.htm 
Digital Libraries - HOME - Europa - DG Information Society & Media 
http://digital-preservation-search-engine1-
swicki.eurekster.com/Diagram+of+Digital+Preservation 
Digital Preservation Search Engine swicki         
http://www.omg.org 
Object Management Group 
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The Information Life Cycle – Issues 
in Long-term Digital Preservation  
Runardotter, Mari; Quisbert, Hugo; Nilsson, Jörgen; 
Hägerfors, Ann; Mirijamdotter, Anita. 
Depatment of Systems Science, Luleå University of Technology 
{Mari.Runardotter; Hugo.Quisbert; Jorgen.Nilsson; Ann.Hagerfors; 
Anita.Mirijamdotter}@ltu.se 

Abstract. In this paper a new view of the life cycle of information is described. 
Information never dies. The constituentes for information are: the context in 
which information is born and flows, internal attributes which enrich and gives 
better understanding of information, and the tools used for managing 
distribution, dissemination, access and availability of information. 

INTRODUCTION 

In this paper we discuss the concept of information in relation to long-
term digital preservation. This is a most acute question for all sorts of 
“preservation institutions”, such as archives, libraries etc. The society is 
today facing a problem that might stem from a momentary loss of 
awareness. The problem concerns the fact that if digital records produced 
today shall be accessible in the future we must secure this today. As 
Brand describes it: 
 

Due to the relentless obsolescence of digital formats and platforms, along with the 
ten-year life spans of digital storage media such as magnetic tape and CD-ROMs, 
there has never been a time of such drastic and irretrievable information loss as right 
now. If that claim seems extravagant, consider the number of literate people in the 
world and how much work is "knowledge" work, which increasingly means 
computer work. The world economy itself has become digital. This is a civilizational 
issue. (Brand, 1999) 

 
Just as Brand states, this issue is a concern for the society as a whole, 
especially for organisations and institutions set out, or assigned, to 
preserve digital material. Amongst them are archives and libraries, but 
also governmental and local authorities and administrations. However, 
even enterprises that develop information systems will need to be aware 
of, and prepared to handle, this problem since preservation measures 
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need to be built in from the start (Bearman 1994). This problem is today 
identified and acknowledged. Several projects and institutions around the 
world have taken on the challenge and are working on finding solutions 
to the problem16. These projects are mostly concentrated on research and 
developments activities or education.  

The Swedish National Archives and Luleå University of Technology 
are running the Long-term Digital Preservation (LDB17) research and 
development project with the aim to develop methods and models for 
long-term digital preservation. Key concepts are openness and 
trustworthiness since the electronic records should be physically and 
technically preserved in order to be possible to bring back and made 
available over time and thereby used in various citizen oriented solutions.  

Beginning our research, within the LDB project, naturally involved a 
literature review. Since our intention is to complement each other, in 
order to provide a broad view on the subject, the initial literature review 
made it clear that we needed a common view on what is to be preserved, 
data, information or knowledge. The reason for this is that it will have 
consequences for our further research as well as for what methods, 
models and techniques that will be developed and used. Hence, this 
paper, which is a result of the literature review, will describe our 
common view on what to be preserved in a long-term perspective. This 
paper therefore discusses the concept of information as central for long-
term digital preservation. Furthermore, we approach the issue from three 
different angles that are essential for digital information accessibility; 
context, embedded attributes, and information processing tools. 

The paper is divided in four main parts: the first part discuss the notion 
of information, that is, what should or could be regarded as data, 
information and knowledge, respectively. We continue with implications 
of this in the archival world, and discuss consequences of this from the 
archivists’ viewpoint. Thereafter we give an account of the embedded 
attributes of information in an Archival Information System (AIS) and 
finally we describe the role of information processing tools in the 
archival context. 

                                                 
16 E.g. Library and Information Science at University of Stockholm, Computer and Systems Science at 

the Royal Institute of Technology. InterPARES, CAMiLEON, CEDARS, the Digital Archives 
Research Project at Edinburgh University Library and the UK National Archives in Great Britain, 
NEDLIB in Holland, the Danish National Archives, the EU project MINERVA, the National 
Archives of Australia, and OAIS, NARA, ERA and San Diego Supercomputer Center at the 
University of California San Diego in USA (Ruusalepp, 2005). 

17 In Swedish: Långsiktigt digitalt bevarande. 
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THE INFORMATION LIFE CYCLE 

The term information is used with different meanings by different groups 
and in different contexts (Langefors, 1993) and there is no well-defined 
definition of the terms ‘data’ and ‘information’ (Checkland & Howell, 
1998). A common and short definition is that information is interpreted 
data (Bratteteig & Verne, 2000). Hence, data is signs used to represent 
information (Langefors, 1993), or signs which carries with them the 
possibility to compose and/or transfer back the text, photo, music etc. 
from which it is derived. Thus, “bringing back” the file provides access 
to the information and we can start reading/viewing/listening but also 
interpreting and analysing the information existing in the file. This results 
in the creation of knowledge, that is, we learn from information.  

The central idea is that data become information by a process of 
interpretation (Langefors, 1993). The infological equation says that I = i (D, 

S, t) where I represent the information we can get through the 
interpretation process, i, which is operating on data, D, together with our 
pre-knowledge, S, during a certain time, t (Langefors, 1993). Langefors 
states that “One of the central insights from infology is that data or texts 
do not “contain” information (knowledge) but will only, at best, represent 
the information to those who have the requisite “pre-knowledge”” 
(Langefors, 1993, p. 30) and he also means that the infological equation 
is a representation of this.  

Dealing with information systems require a broad view of information, 
since using a computer implicitly involves information services of some 
kind, that is, we get service by being informed by data. According to 
Langefors it is necessary to define information as knowledge, since 
“information is knowledge and not physical signs” (Langefors, 1993, p. 
113). He regards information as knowledge structured in such a way that 
it is communicated. Because of this it can also be stored, which leads to 
information being stored knowledge. 

Checkland & Holwell (1998) provides the view that information is a 
service that supports decision making within organisations. Data are facts 
and a starting point for mental processes. They introduce the concept 
capta, which is the result of selection of certain data (we pay attention to, 
create some new category or get surprised by the data). In other words, 
data that catches our interest transforms to capta, a consciousness of 
something. This signifies that turning data into information is done 
through a mental process and during that process the data changes form, 
and will ultimately lead to knowledge. Once we have selected, paid 
attention to or created some data, or turned it into capta, we relate it to 
other things or put it in a context, we attribute meaning to it, and by this 
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we once again convert it, this time to information. This can be done 
individually or collectively and this process, selection and conversion of 
data into meaningful information can lead to larger structures of related 
information, or what we call knowledge. The interpretation process 
Langefors (1993) emphasizes is implicit in this reasoning.  

This is line with our claim – that information is not equated with 
knowledge. Just like data must be interpreted in order to become 
information, so must information be interpreted and analysed in order to 
be knowledge. Information is never the knowledge itself, the knowledge 
is within the knower (Goldkuhl, 1995). We agree with Langefors with his 
notion that in order to understand information people must have pre-
knowledge. This we see as knowledges that consist of the ability to 
assimilate the information, but also to have an understanding of the 
information content, or the subject in focus. If these abilities are found, 
new knowledge is created. This can, in turn, be written down, or 
transferred to information again, and so the cycle evolves, in a never 
ending manner.  

Finally, when thinking of information it is necessary to be aware of the 
communication aspect. Based on Langefors, Göran Goldkuhl (1995) has 
investigated a communicative action view of information, and he claims 
that there is a producer of information whose action is to create 
information, which later is to be achieved by the information user 
through interpretation. Goldkuhl (1995) perceives that the infological 
equation stresses the information user, but never explicitly refer to the 
information producer.  

Information is thus created the moment someone (individually or in a 
group) thinks of an issue. When people’s ideas, or knowledge, are being 
shaped and transferred to a media they are made available for others to 
share. Hence, the knowledge has now once again become information 
and exists physically or digitally, available for people who need it in 
order to learn and increase their knowledge of something, for example in 
an organisation. This implies a very important phenomenon to observe – 
information never dies provided that it is preserved and used. It is 
constantly shaped and reshaped, evolving through time, picking up 
further information or loosing some parts but information is all the time 
under reconstruction. Information is a living concept, and forms a part in 
an ongoing process. 

When information is created, stored and retrieved digitally new 
problems arise. It is pertinent that digital information is available to the 
future society for e.g. legal, historical and democratic reasons. But how to 
achieve this? Numerous issues need to be addressed. Some of the 
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important ones are: the context of digital information in relation to the 
provenance principle and appraisal of public records, the attributes of 
digital information and its interpretation, the limitations of digital 
information processing tools and storage media. This leads us to a new 
view of the information life cycle in a long term digital preservation 
context as shown in Figure 1. 

Figure 1: Our model of The Information Life Cycle in a long term digital preservation 
context 

An idea is born in the mind/s of individual/s. The idea is then 
formulated as information and extra content information, that is 
embedded attributes, such as layout and colouring, is added. The 
information is then stored as a digital object where more information, 
preservation description information, is needed in order to preserve the 
context of the information. This is where provenance and appraisal is 
crucial. When the preserved information is used, with the assistance of 
processing tools, it is once again possible to transform the data into 
information which ultimately leads to new knowledge in the user/s. This 
is a constantly ongoing process and the responsibility for keeping this 
process alive lies on the archival community. 
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THE CONTEXT OF INFORMATION IN THE 

ARCHIVAL WORLD 

In the archival world we can notice that, based on the discussion above, 
what reaches the archives is information, in the form of records created 
by information producers. Archival sciences is the scientific study of the 
nature of archives, their importance and development, and the study of 
methods needed in order to preserve, make appraisals and to make 
archives functional. The nucleus is systematisation and the principles of 
order (Ulfsparre, 2005). The archival profession rests on two pillars, 
appraisal and to arrange and describe the content and the context of 
archives. The fundamental idea with archives is that they should be 
houses of memory that holds the keys to the collective memory of a 
society. In these houses archivists were seen as ‘keepers’ partly because 
nothing in the archives should be changed after the records were archived 
(Cook, 1997). We want to challenge this view and means that archives 
should be regarded as a living and participatory part of the society where 
the information is made accessible and useful to citizens. The archivists’ 
role would then be changed from keeper to facilitator.  

What, then, is a memory? It is to recall the past and its information, 
since a memory that only holds data would not offer us anything to 
remember if the means to interpret was not available. Furthermore, 
memories do, besides providing us the opportunity to remember, also 
plays the trick of forgetting. Until this day what is preserved in the 
archives is selections of information, they do not hold a complete and 
total storage of information.  

The Provenance Principle 

The provenance principle states that the original order or context should 
be preserved and explained, thus provenance stands for the origin of 
records and implies that these matters should be clear when records are 
being archived. The principle can be regarded as an apprehension of how 
archives are created, or as a method for how they should be managed 
when it comes to questions such as how to deal with making lists and 
appraisal, or in other words, what information is needed in order to make 
the archives functional and meaningful. The principle of provenance has 
in Sweden a twofold meaning, as work method but also as a guiding 
principle who will secure the preventive archival care (Backhaus, 2005). 
We regard the principle of provenance to state that it is information that 
is to be preserved since the context matters. Data without context is not 
possible to interpret and can never transform into information. Moreover, 
the principle of provenance inherits a conceptual interpretation – the 
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societal perspective, which could be regarded as more appropriate in the 
digital age, but also a physical interpretation, which has to do with 
research. The organic context is however regarded as the most important 
to mirror (Cook, 1997).  

Records have both primary and secondary values, according to Cook 
(1997). Primary value reflects their importance to their creator, while 
secondary value concerns their use for researchers. The latter is further 
divided to evidential value – which reflects the importance for 
researchers when it comes to documenting the functions, programmes, 
policies and procedures of the creator – and informational values. 
Informational value concerns the content of the records and relates to 
persons, corporate bodies, things, problems, conditions etc.  

The moment the records are to be archived is interesting. As 
mentioned earlier it is information – not data – that should be preserved. 
We now have a situation where the interpretation vanishes unless written 
down as information. Furthermore, there must be added information of 
the information in order to secure the preservation of the context in which 
the original information first was produced. On the other end we have the 
situation when the information is asked for – that is, it should be brought 
back in order to once again be interpreted.  

To arrange and describe is to provide the devices necessary in order to 
be able to interpret the records, which is to secure that information is 
preserved. This puts specific demands on archivists, since despite all 
guidelines and regulations on how to conduct this, it ends up as an 
individual judgment. This shows the importance of analysis and planning 
of archives in advance of the actual archiving activity (Cook, 1997). In 
other words, it is better to take on a pro-active role as an archivist, than it 
is to afterwards try to fix things that could have been done in a better 
way.  

Appraisal  

Appraisal of public records is by the Swedish National Archives defined 
as destruction of public records or information in public records. 
Destruction of information in connection with transformation to another 
data carrier is regarded as appraisal if the transformation leads to loss of 
information, loss of possible ways to gather the information, loss of 
possible ways to search for the information or loss of possibility to 
confirm the authenticity of the information (Gränström, 2005). As we can 
see has IT influenced this definition, new data carriers and new media are 
used that challenge the traditional way of performing the appraisal act. 
There is a need, according to Gränström (2005), to analyse in what way 
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appraisal should be conducted within the IT community. Most essential 
to remember is that the use of the records, their potential, should never be 
jeopardised. In computer based information systems (IS) it is the 
principles for withdrawals- and work up of material, or the integrity and 
context of the archive, that are important to preserve, not the original 
order, since there does not exist one fixed order in computer based IS 
(Gränström, 2005). When it comes to appraisal the question is, what is 
sorted out – data or information? From which perspective should 
appraisal be conducted? Is it functions rather than individual records? 
And which way is the most suitable in the digital world? This implies that 
archivists should research and understand the functions and activities of 
archives. Archivists are active interveners and auditors in the archival 
document continuum (Cook, 1997). 

Information Structuring in Archival Science and 
Information Systems Sciences 

Functionality appraisal and systematisation and principles of order, we 
argue, show that the borders between archival science and information 
systems sciences are not easily detected. Instead there are a lot of 
similarities. Both archival science and information systems sciences deals 
with structuring information where the latter is especially concerned with 
the structure and order in computer based systems, whereas archival 
science takes on a more general grip.  

However, Mats Burell (2005) argues that archival science might 
belong to the group of sciences that is especially influenced by IT. 
Similarities are found in the fact that the information system, within 
information systems sciences, is regarded to mirror the organisational 
activities, and thereby there exist linkages in the relation between 
information system – activities and archival creation – activities.  

The differences are that in information systems sciences are systems 
considered to consist of parts that together constitute the whole and in 
order to understand the whole it must be broken down in these parts 
(Burell, 2005). In archival science is the premise that archives should be 
viewed and shown/presented as one total system, and only occasionally 
be presented or separated into a partial archive. The reason for this 
difference is, according to Burell (2005) that the main purpose in system 
science is not to describe existing structures, but to create new 
information structures that are not influenced by the traditional archival 
classification. This implies that the concepts that are fundamental in 
archival science, such as record, document or archival record, has not the 
same dignity in systems science.  
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Another difference, states Burell (2005), is that for the archivist it 
might be obvious that the original structure is important to preserve, since 
this traditionally has been important. For a systems designer it is the 
abstract model that holds the structure of the information that is in focus, 
such as routines, functionality, event or occurrences, and data or object. 
In other words, information systems do not contain fixed archival records 
or archival series, which implies that a re-formulation of the Swedish 
concepts archive and archival record could be, or maybe should be made 
(Burell, 2005). Furthermore, in information systems sciences there are 
not methods that in the same degree as in archival science deals with long 
term, “for ever” perspectives. This has not been detected as an issue in 
systems science until recently.  

There is a huge need for development of common platforms, 
according to Burell (2005), in order to secure the long term digital 
preservation of records. Standardisation is used in order to decrease 
problems with transference from one organisation to another, which 
implies that possibilities and limits of digital long term preservation 
because of archival reasons is not separated from IT development in 
general (Burell, 2005). It should be a concern for all authorities that are 
expected to keep digital files to develop and maintain IT platforms that 
can unite the need for preserving older technical solutions and at the 
same time safeguard the use of new techniques.  

The Archivist in the Digital Ages 

What are the implications of this, for the archivists’? Contextual 
information is the archivist profession’s legacy and provenance-based 
retrieval of information, focused on form and function of records, and the 
context of creation, could be regarded as superior to subject- and content-
based methods. The rediscovery of provenance and the richer 
understanding of creator contextuality are regarded to transform 
information to knowledge, and the relevance of provenance should be 
interpreted liberally rather than literally, conceptually rather than 
physically, if the principle continuously will revitalise the archival 
profession in the electronic environment (Cook, 1997).  

Moreover, the traditional assumption of a one-to-one relationship 
between records and their creating administration is no longer valid – 
records are as changing and dynamic as their creating administrations. 
Cook (1997) also claims that IT professionals too often are concerned 
with efficient access and use of information and because of this loses 
sight of the essential qualities of integrity, completeness, accuracy and 
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reliability, which is needed if the information will serve as evidence of 
actions.  

Unless institutions can thus be held accountable, which includes being accountable 

for ensuring that these qualities of “recordness” are present in their records-keeping 

systems, then any efficient access gained to information will be meaningless, for 

current and archival users alike (Cook, 1997, p. 40).

According to Cook (1997) there has been a strong emphasis on 
information content over provenancial context, library cataloguing over 
archival description and also of treating electronic data files as discrete 
and isolated items rather than as part of the comprehensive, multimedia 
information universe of the record creator. There are challenges if we are 
to maintain the traditional view of records when all new electronic 
formats change the foundation for the traditional scenario. But even if the 
information and communication technology rearranges the record 
matters, we still have a world of information relationships, 
interconnections, context, evidence and provenance. Hence, the essence 
of the archivists’ task of comprehending and elucidating contextual 
linkages remains the same (Cook, 1997). 

The new model of the information life cycle, described earlier, implies 
that archivists need new awareness, new skills, routines and work 
methods because their role will change in the future. What are the most 
adequate skills, routines and work methods in order to secure long term 
digital preservation? The question is still to be answered. However, in 
order to secure that the information is accessible and possible to interpret, 
archivists need to adopt new work practices. One of them is how to 
preserve the embedded attributes of digital information. This leads us to 
our second approach on the subject. 

THE EMBEDDED ATTRIBUTES OF 

INFORMATION 

As already mentioned, information can be a number of things. Allegedly 
one of the shortest, if not the shortest, correspondence between two parts 
was when Victor Hugo wrote a telegram containing only “?” to his 
publisher Hurst & Blackett, and got “!” in return. The correspondence 
concerned the publishing of his new novel “Les Misérables” and how it 
was doing. 

Getting the Most Out of Data 

Data needs to be combined in some manner to make information. The 
letters in this sentence is combined in a specific way to make words. The 
words are in a way just data in a more structured form. The meaning of 
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the sentence is not inherent in its words or letters; it will need to be put in 
context to make sense.  

So a sentence is more or less meaningful when put into context. But 
there could be more information hidden than the sequence and 
combination of words (or letters) presents. The text may be formatted in 
special ways by making it bold or italic which leads to a slightly different 
interpretation of the actual text. There may also be differences in size or 
colour of the text, as well as different fonts. All of those visual features of 
the text make us interpret the data slightly different than if there had been 
no differences in the visual appearance. So even if this kind of 
information usually is regarded as not being part of the information to be 
preserved, the ability to include such information must exist. This has not 
been a problem earlier since a paper document also carries layout and 
formatting besides the actual information. With information that is 
created digitally, and only exists in digital form, the problem to preserve 
layout and other visual attributes of information becomes more complex. 
Paper is a self contained carrier of information but digitally created 
information is only a stream of bits that need to be interpreted to a higher 
degree of information to be understandable to a human. This first step of 
interpretation is usually handled by a combination of software and 
hardware. 

Take for example a form in a web based information system. This 
form probably contains a heading and some labels. It certainly has a 
background colour and input fields are positioned in a specific manner, 
and some text might be bold to emphasise its value. If a user of this form 
fills in data and stores them, they are probably stored in some kind of 
database, and when the user wants to open the same form again, the data 
is presented in its corresponding fields. This is the view that the user is 
used to see, and for authenticity reasons this is the view that should be 
preserved. The performance model (Figure 2) developed by researchers at 
The National Archives of Australia shows this concept in a rather simple 
way (Heslop, Davis & Wilson 2002). 

Figure 2: The Performance Model for a digital object (Heslop et al. 2002) 
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As shown in Figure 2, the researcher is actually dealing with a 
rendering of data. This rendering is produced through a process involving 
hardware and software that acts upon a data file. The performance (in this 
case the rendition on the screen) is what is worth preserving as close to 
the original performance as possible. Both the data file and the hardware 
and software are replaceable as long as the essential parts of the 
performance remain the same. This can be compared to an audiovisual 
record (a film) where the nitrate film is not the prime interest for 
archiving, instead the performance of the film that is of interest. (Heslop 
et al. 2002) 

With regards to what is essential in a record, some non-essential 
characteristics are mentioned, for example the ordering of bytes in a data 
file or the data format of the document, whilst essential characteristics, in 
for example a word processing document, might be the actual content, 
formatting, colour, tables and figures. Determining which characteristics 
that are essential is a task for the archivist. (Heslop et al. 2002) 

Performance and Context 

Even if the performance is accurate, the context of the performance is of 
essence as well. Take a look at the classic example in Figure 3:  

Figure 3: The importance of context (Preece et al., 1994). 

Most, if not all, of you probably read the content of the figure as “the cat” 
although the figure in the middle of each word actually looks exactly the 
same. This is due to the (presumed) context and your previous knowledge 
of the English language. In another context (or another language) perhaps 
the “correct” interpretation would have been the cht or tae cat.

Let us say that the context of Figure 3 is construction machines. Now 
the meaning of “the cat” has changed to a vague reference to a caterpillar 
or a bulldozer instead of perhaps a pet, if the reader has background 
knowledge on the subject construction machines. This exemplifies the 
importance of context information, information about the information for 
the information to be understood and perceived in a reliable and 
trustworthy way, i.e. enacting the provenance principle. Even if it is 
archivists that are expected to judge what to be preserved and what is not 
to be, they will always benefit from tools that assist them in their task. In 
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other words, what information processing tools that are available will be 
of great importance. Thus, we move to our third approach on the subject. 

THE ROLE OF INFORMATION PROCESSING 

TOOLS IN THE ARCHIVAL CONTEXT 

The latest year’s development of computers and software has been very 
fast and to a large extent unforeseeable. This has caused a number of 
conditions to change in society as we use the new artefacts (computers, 
PDAs, cell phones, tablet PCs, etc) for information exchange and 
dissemination. Large amounts of digital information have been created. 
At the same time, the technical evolution has created a number of 
problems. The problems of software and hardware dependency are 
pointed out by Rothenberg (1999), the longevity of storage media by ZD 
Net Australia (2002) and the ultimate goals of accessibility and 
availability by Dollar (2000).  

Hardware and Software Dependency 

There is a clear difference between dealing with digital material and 
paper based material. Traditionally data has been printed on paper 
according to some format making the data readable at first sight. Shifting 
to another kind of data carrier (magnetic optical, disc, etc.) reduces 
readability because the following two reasons. Firstly, in a conventional 
hard disk data is stored by “magnetic” points on the surface of the disk. 
The distance from point to point is so small, that it is impossible for the 
human eye to read the stream of magnetic points on the disk. Hardware is 
needed to facilitate the mechanical access to the stored data. Secondly, 
even if we could read the optic stream on the disk (by using a very strong 
microscope) we are unable to understand the meaning the optical (bit) 
stream18. A bit has a single binary value, either 0 or 1. A bit stream is a 
contiguous sequence of bits, representing a stream of data.  But what 
does a bit stream represent? A bit stream could represent different things, 
as described in Figure 3: 
 

                                                 
18 Bit is short for binary digit and makes up the smallest unit of data in a computer. A bit is a magnetic 

point on the hard disk. 
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Figure 3: What a bit stream represents. (Rothenberg, 1999) 

 
Making an analogy to the use of alphabetical symbols like the symbol 

“A” is readable and (at least in western cultures) understandable, but this 
is not the case for a bit stream. An interpretation facilitator (software) is 
needed in order to render the “meaning” of bit streams.  

Storage Media Longevity 

There are several kinds of storage media, such as hard disks, compact 
disks (CD, DVD), magnetic tapes, magnetic disks and static memory 
(Flash memory). Every kind of these media has an expected lifespan (ZD 
Net Australia, 2002).  
 
Media Lifespan

Hard disk 3-6 years 

Magnetic tape 10-20 years 

Optical disk 10-100 years 

Magnetic disk 1-5 years 

Static memory 50-100 years 

Table I. Storage media longevity 

From the table above it is easy to conclude that all data must be 
transferred to another media approximately in 3 to 100 years, at least 
once. 
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Information Processing – Threats and Limitations 

The rapid and unforeseen development of computing has contributed to 
solve and support several ways of dealing with information processing. 
Still, there are several weaknesses in computing. Some of the major 
problems and issues are summarized by Walker (1994): 
 

• Specifications. The specifications for a problem might not be 
complete and consistent. 

• Problem unsolvability. Some problems have no solutions. 
• Problem nonfeasibility. Solutions to some problems might not 

be delivered in a feasible amount of time.  
• Hardware reliability. Malfunctions might always occur.  
• Software. Error-free software is not achievable for complex 

systems. Errors might be introduced, for instance, in the 
algorithm design or/and in the maintenance of the software. 

• Human errors. Can be expected when entering data or/and when 
operating a computer system. 

• Security. Data and/or hardware might be altered, corrupted or 
even destroyed by malicious software such as viruses, Trojans, 
etc. 

These threats and limitations will surely remain in the future, since some 
of them are not connected to the technical aspects, but instead of a social 
or human character. However, as Walker (1994) points out, not even 
hardware will ever be one hundred percent reliable.  

Accessibility and Availability 

The improvements of computers, the development of software, the 
implementation of different versions of the same software, and the 
existence of different platforms and operating systems, have caused the 
creation of different formats. There is format incompatibility in versions 
and platforms. A large amount of existing digital material, produced just 
some years ago, is not readable with today’s software. Thus, there 
already exists a lack of accessibility. This problem should be handled by 
an approach that is aimed at forward-compatibility. By this we mean that 
new information systems should, yet during their first phases of design, 
deal with the matter of long-term preservation of the information to be 
produced by the system. 

The paradigm shift between paper based mediums to digital media 
was not preceded by a strategy for long-term preservation. This 
phenomenon can be explained in terms of lack of knowledge and 
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experience when handling digital material. Besides, no one could foresee 
the speed and complexity of the evolution of computers and software. 

Digital material that is produced on a certain platform, with a certain 
application, a certain version and in a certain format, needs to be 
converted to other platforms, applications and/or formats in order to gain 
access to the information over time. Another way of retrieving stored 
information is to emulate the original software (and platform) in which 
digital material has been produced. In either way, information might be 
lost and the information retrieved may not be fully reliable. 

Digital Processing and Archival Information Systems 

To achieve a high level of accessibility and availability to trustworthy 
digital information in the future, developed forms of digital processing 
and Archival Information Systems (AIS) are needed. Information in the 
digital era demands several kinds of tools for its processing. Nevertheless 
there is a lowest common denominator: digital processing. We begin on 
the position that we do not want to give a definition of digital processing, 
we only want to show our perspective of this phenomena, as a mediator 
for digital information. 

Traditionally we understand digital processing as the result of the 
execution of a computer program in a digital environment. A simplistic 
model of this process contain an input, a process (that processes the input 
and generates) an output (Figure 4). We consider that this sequence as a 
part of an information system. 

Figure 4: A simplistic model for a computing model 

When dealing with long-term preservation of information, it is necessary 
to define the term AIS. The ISO standard Open Archival Information 
System (OAIS) Reference Model defines an archive as: “An organisation 
that intends to preserve information for access and use by a Designated 
Community” (CCSDS 2002). A system built according to this model 
should contain six high level processes: 

1. Ingest: Receives the information and prepares it for preservation.  

Process 

Input Output 
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2. Archival Storage: storages, maintains and retrieves the preserved 
information. 

3. Data Management: coordinates description information from an 
archival object and system information which is used to support 
archival operations. 

4. Access: helps the consumer to identify and retrieve information. 
5. Administration: plans the ubiquitous archival activities. Monitors 

the environment and assess the development of new standards and 
policies. 

6. Preservation Planning: provides recommendations for conversion, 
migration, monitoring changes in technology. 

In order to develop well-functioning AIS we need useful definitions of 
what they might be perceived as. A well-known definition is that an 
information system contains of two linked subsystems. The system that 
serve and the system which is served, which consists of people taking 
action (Checkland & Holwell, 1999). This idea is depicted in Figure 5. 

Figure 5: An Information System (Checkland & Holwell, 1999) 

Our position is that information is alive when used and useful for the 
designated community; otherwise the information is just stored and 
therefore only data. To keep information alive demands a set of ongoing 
activities, both organisational and technical. When dealing with 
organisational activities of information preservation Checkland & 
Holwell (1999), Buckingham et al. (1987) and the broader sense 
definition of Verrijn-Stuart (1989) are suitable. Concerning the technical 
activities of information preservation the narrower sense definition of 
Verrijn-Stuart (1989) and also Langefors’ (1993) infological view of 
information systems are appropriate. Therefore AIS could be defined as 
an information processing system that serves an archival organisation 
which has the responsibility of preserving and making archival 
information accessible to a designated community i.e. the society itself.  

The system which 
serves 
Processing of selected 
data (capta) relevant to 
people undertaking 
purposeful action 

The system which is 
served 
Purposeful action whose 
does have information 
needs 

Provides support to 
people taking 

action 
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CONCLUSIONS 

In this paper we started by discussing the information life cycle by 
providing a view where information is regarded to evolve. That is, 
information lives longer than people, organisations and tools. Implicit in 
the Information Life Cycle Model (see Figure 1) is the fact that people, 
organisations and tools are replaced over time. This result in 
consequences for the three areas addressed: archival context, embedded 
attributes of information, and the use of processing tools. The problems 
in these three areas must continuously be addressed in order to ensure 
that archiving of digital information is an ongoing activity. 

The first issue, the archival context, will be affected, not least will the 
role of the archivists change due to IT and it could be regarded adequate 
to educate information managers as well as archivists, if we are to cope 
with this challenge. IT and its influence on modern archival creation put 
expectations and demands on the archival science. Archivists need to 
move from being keepers to act as auditors “if they hope to preserve 
provenance and protect the evidential accountability of archival 
electronic records” (Cook, 1997, p. 43). A keeper can handle the records 
as data – an auditor must deal with the question of securing the 
information. This leads us to the conclusion that archivists need new 
awareness, skills, routines and work methods that can deal with long term 
preservation strategies and management. When this is achieved, the 
archivists can have a pro-active role and the archives can move from 
being houses of memory to a more active participation in the information 
life cycle and thereby providing the society with information. How these 
skills, routines and methods will be designed is to be investigated in our 
research. 

The second issue, embedded attributes of information, implies that the 
context of information must be preserved to enrich the understanding of 
the archived information in the future. Since information can be more 
than just the words and sentences written down, visual attributes may be 
necessary to preserve as well. In general, it is the performance of an 
archival object that is essential, not that its bit stream is intact. The 
conclusion to be drawn is that both visual content information and 
context information need to be preserved to ensure future interpretation 
and understanding of the archived information. This issue is also to be 
dealt with in our forthcoming research. 

The issue on use of processing tools, states that new information 
systems should ensure the longevity of digitally created information. This 
means pro-actively set up forward-compatibility. Today information 
lifetime is prolonged by a set of activities when information passes from 
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its native environment to AIS. These activities include making the data 
readable (compatible) for the new environment. Forward-compatibility 
should be addressed in collaboration with soft ware vendors. 

It is inevitable that any kind of information system must rely upon a 
specific platform and be supplied by one or more suppliers, even AIS. 
Platform dependency sometimes forces developers to platform specific 
technical solutions. This could imply deviations from standards. Supplier 
dependency implicates not only expertise from a third part organisation 
but also people involved in the process of long-term preservation such as 
archivists.  

What needs to be addressed in the issue of information processing 
tools? We believe that an important area to be investigated is the 
development of new models for the development of AIS which ensure 
long-term preservation of information. This new models should rely on 
monitoring, and quality assurance of preservation activities due to the 
limitations and threats of computing.  
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FOUNDATIONS FOR ARCHIVAL 

INFORMATION SYSTEMS DEVELOPMENT 
 

HUGO QUISBERT1, ANN HÄGERFORS2 
 
 
ABSTRACT: In this paper, we propose a foundation for the development 
of Archival Information Systems (AIS). The OAIS Reference Model 
standard, that is supposed to guide system developers, deals with the 
creation of archival software intended to manage records. The model alone 
does not however provide enough guidance for developers who try to carry 
out systems development in accordance with the standard. The Records 
Continuum Model deals with the creation and management of records from 
the records perspective, thus providing an epistemology and ontology for 
the development of AIS. In this paper we propose that such a framework is 
necessary for the development of AIS that are well functioning in relation to 
the goals of such systems. In addition, a software engineering method 
alleviating the practical development work is needed. The foundation 
proposed thus consists of three parts; the Records Continuum Model, the 
OAIS Reference Model and a software engineering method. We propose 
that well functioning AIS can be developed only when these three parts are 
considered as a whole. 
 
KEYWORDS: Archival Information Systems; Records Continuum Model; 
OAIS Reference Model; Epistemology; Ontology. 
 

1. INTRODUCTION 
The Long-term Digital Preservation Project (LDB3) is a co-operation 
project between several national Swedish entities: The Swedish National 
Archives, Luleå University of Technology, the Municipality of Boden and 
The National Social Security Board. This is a three-year project with three 
major goals; to increase knowledge in the field of long term digital 
preservation by research and to disseminate state-of-the-art knowledge to 
archivists and systems developers working with digital archives and the 
formation of a R&D centre for long-term digital preservation. This paper is 
based on research carried out within the LDB-project.  
 

                                                 
1 Department of Systems Sciences, Luleå University of Technology, Sweden 

2 Department of Systems Sciences, Luleå University of Technology, Sweden 

3 Swedish acronym for Långsiktig Digitalt Bevarande – Long-term Digital Preservation 
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2. MOTIVATION 
An Archival Information System should be considered one instance of 
information systems (IS). Basically, an Information System is constituted by 
three major components: people or users, data (or information) and data 
processing tools (the software). In this sense there is no difference between 
an AIS and any other IS. There are however, three distinguishing features of 
AIS. One feature is that there are two specific categories of users: archivists, 
who have the responsibility of delivering archival services to the designated 
community, and the designated community which uses the archives in order 
to find usable information. Another feature is that the data contained in the 
system is of a different kind. This means both different types of content and 
different type of file formats. The data processing tool has the purpose to 
render the data and as a consequence delivering information. A very 
important difference, the third feature, between IS in general and AIS is that 
the data managed by AIS needs to be preserved much longer than the 
expected life-time of the data processing tool.  

In order to identify further important aspects of an Archival 
Information System we can use definitions of “archive” and “information 
system”. The Consultative Committee for Space Data Systems4 has 
proposed a definition of an archive. An archive is: 
 

“An organisation that intends to preserve information for access 
and use by a Designated Community” (CCSDS 2002).  

 
This definition is very similar to well accepted definitions of information 
systems, thus further confirming the proposition that an AIS is a kind of IS.  

An Information System contains two linked subsystems (as depicted 
in figure 2): the system that is served (the people taking the action) and the 
system which is doing the serving (Checkland, Howell, 1998). 
 

 
Figure 1: An Information System 

 
Now let us examine to another definition of information system provided 
by Buckingham et al. (1987): 
 

“…a system that assembles, stores, processes and delivers 
                                                 
4 The Consultative Committee for Data Space Systems (CCDS) is an organisation within the National 

Aeronautics and Space Administration (NASA), in the United States of America. 

The system which 
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Processing of 
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support to 
people taking 
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information relevant to an organisation (or to society), in such 
way that the information is accessible and useful to those who 
wish to use it, including managers, staff, clients and citizens. An 
information system is a human activity (social) system which 
may or may not involve the use of computer systems.” 

 
Some times computer systems are referred too as information systems. 
Verrijn-Stuart (1989) discusses this perspective by giving two categories of 
definitions:  
 

Information system in the broader sense: “The totality of all 
formal and informal data representation and processing activities 
within an organisation, including the associated communication, 
both internally and with the outside world” 
Information system in the narrower sense: “Computer-based 
subsystems, intended to provide recording and supporting 
services for organisational operation and management”. 

 
From these well known definitions we conclude that there are some 
important aspects to consider when working with information systems: 

• Purposefulness. 
• The use (or not) of computer systems 
• Access and use of information. 

 
The purposefulness of an IS in its archival context is to fulfil the demands 
of information of the designated community through the responsibility of 
the custodians of the information. In this case the major purposes are 
preserving and making access possible. It is important to point out that the 
purpose “might” change when custodians are interacting with the system. 
Sometimes, for custodians the purpose will be the management of the data 
in order to preserve and access. Lavoie & Dempsey (2004) have shown that 
digital preservation is “one of many options” of preserving information. 
Further is stated that: 
 

 “analog manifestations of digital materials may already be the 
subject of preservation efforts, even as their digital equivalents 
are perceived to be at risk. Efforts to preserve digital materials 
must take into account potential overlap with analog 
preservation activities, as well as circumstances where 
preservation in analog form may be preferable to digital 
preservation”.  

 
This means that the information to be preserved may exist within the 
information system but outside the computer system. In conclusion, the 
material to be preserved has to be treated from the same philosophy but 
practically the way of treating it may differ due the nature of the material.  
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In the article “The Information Life Cycle – Issues for Long-term Digital 
Preservation” (Runardotter et. al., 2005), it is stated that “information is alive 
when used and useful for the designated community”. This means 
custodians of information, due to their custodial responsibility, preserve and 
give access to information perhaps using different generations of software. 
The observation to be made here is (again) that software might be 
substituted by a newer version of software, but the information must remain 
the same. In the case of archives, the stored information or better to say, the 
records are preserved in the same way: using different generations of 
software. The records must remain as same in order to fulfil demands of 
evidence.  

In Sweden, by law, private enterprises have to store business data for 
ten years. Public organisations in contrast need to preserve the recorded 
data for 100 years or more, serving as evidence or cultural heritage. A survey 
conducted in Japan by Tetsuo & Yohsuke (1992), showed that the average 
lifetime of software is approximately 10 years. This means that data is 
manipulated in enterprises by at least two generations of software. Data kept 
by public organisations, to be preserved for say 100 years, might be 
manipulated by at least ten generations of software.  

Consequently, the purpose of AIS is to preserve and provide access to 
information that has not changed over time. An implementation of AIS is 
also software and might be substituted by newer software after some years. 
Is this piece of software then usable to preserve and give access to 
information in a long-term? The obvious answer is no. New AIS must be 
developed in order to fulfil preservation and access responsibilities. One of 
the most important assertions that can be made in this context and as a 
motivation for our research is that the fundamental design of “archive 
systems” the last decades has remained the same and the development of 
integrated digital archive software these days is still on the stage of defining 
functional requirements (Ruusalepp, 2005). Our efforts in this field are to 
outline the fundaments for the development of Archival Information 
Systems.  
 

2.1 AIS Existentiality 

According to Magoulas & Pessi (1998) there are four paradigms for 
Information Systems Management, namely The Depicturing paradigm, The 
Governing paradigm, The Human-infological paradigm and The System-
infological paradigm. The last one gives fundaments for how data, that 
represents information, should be managed and how information 
processing and providing access should be studied. The ontological 
principles of this paradigm, distinguishes between social (or cognitive) and 
technical systems. The epistemological principles in this paradigm, has it’s 
fundament in the idea that “information is the increment in knowledge and 
experiences of humans” (ibid.). This means that information processing is a 
process for knowledge development. This is, as we see, a suitable paradigm 
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for understanding the essence of Archival Information Systems. 
In order to understand the concept of AIS it is also necessary to 

explain why such systems exist and for whom. Ackoff (1980) provides us 
with good direction on this matter. Questions such as: System for what? 
What is the purpose of the system? Who gives input to the system? Who 
decides over the architecture of the system? Who works with the systems’ 
functions?  Questions such as these needs to be answered.  

Archival Information Systems are in this work seen as a special kind 
of IS. The major difference is that Archival Information Systems handles 
the forward compatibility of information (Runardotter, 2005). It should thus be 
easy to make a definition of an AIS based on the definitions above. But to 
clarify the definition to a higher extent we believe it’s necessary to point out 
the principles of this “special case”. Question to be answered are: a) which 
principles are important for describing the scope of the system? b) Which 
phenomena embrace the system concept? c) What are the characteristics of 
the phenomena? d) Which are the relations between them? e) Which 
principles are crucial for the nature and harmony of the system? Other 
questions are: 1) What kind of information do we have about the system? 2) 
Which pieces of information do we need about the system? 3) How should 
this information be understood? 4) Which attributes of this information are 
desirable? 5) How do we judge the suitability of the information? The first 
set of questions concerns with ontological principles and the second with 
epistemological principles of information systems and the answers should 
be according the System-infological Paradigm. We believe that is necessary 
to answer those questions, indicating the ontological and epistemological 
principles of information systems, on a general level. 

The differences between AIS and IS as well as legislative demands and 
the high substitutionality of software calls for measures not covered by 
conventional or traditional models for the development of Information 
Systems. They are insufficient when developing AIS. Below, we 
demonstrate the need for a more comprehensive framework. The 
argumentation starts at the lowest level, working upwards.  
 

3. THEORETICAL FRAMEWORK 

3.1 Software engineering 

The technical side of information systems must be programmed, either 
using a programming language such as Java or C++, or using a so called 
CASE tool. In any case the software is the result of the use of a software 
development method. A large amount of methods has been proposed for 
this objective the last decades. In our search for a good candidate for our 
study, we have to make a choice among many methods. In our point of 
view a good candidate is a reliable method which is well established, 
accepted and used in developer’s domain. A good and plausible method for 
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developing IS, we judge, is the Object Management Group (OMG's) Model 
Driven Architecture (MDA) (Mukerji, Miller, 2003) as described in figure 1. 
This method covers several steps in the creation of software.  
 

 
Figure 2:  The OMG’s Model Driven Architecture 

 
The lowest level, Code (later called software), is the level where the software 
is physically constructed. On the next level, the platform specific model 
(PSM) constructs the specification. The code is based in the PSM. Minor or 
major changes may be done on the code based on zero or minor changes in 
the PSM. The platform independent model (PIM) is the base of the PSM 
and it may be tolerant of technology changes. The PIM is a computational 
adaptation of the computation independent model (CIM) on the highest 
level. The CIM is an abstract model over activities (the organisation 
business) which are intended to be supported by the software to be 
developed. Already at this stage we realize that there are two components 
missing: a) a long-term software foundation and b) a high level manifest that 
could serve as philosophy for long-term strategies. 
 

3.2 Levels of Substitutionality  

It is easy to realize that the MDA levels are more or less interchangeable in 
the development of software. Figure 3 shows these levels.  
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Figure 3: Levels of substitutionality 
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As shown in the figure, the more we step down in the hierarchy, the more 
interchangeable things are. The software might be replaced by a new release 
or a new version several times in the first year of their use. The PSM should 
be more stable and might be changed if for instance technology changes 
have occurred in the underlying infrastructure such as the operating system. 
This has, of course implications for the software. The PIM should be yet 
more stable than the PSM. The PIM might suffer changes only if changes 
are made in the CIM. The CIM might change as a consequence of external 
changes, such as new legislation, or because of internal changes within the 
organisation, such as internal re-organisation. 

The description above is the description of a method. What is 
missing? The answer is found in the definition of methodology that we use 
as a guide in the development of the framework. A well accepted definition 
of the concept of methodology is as follow: 

 
“a recommended collection of philosophies, phases, procedures, 
rules, techniques, tools, documentation, management and 
training for developers of information systems.” (Maddison, 
1983). 

 
The MDA approach covers very well phases, rules, techniques, but one 
important ingredient: philosophy or a way of thinking is missing. Where do 
we find this way of thinking? We believe that this missing part is a 
theoretical foundation for the information systems we want to develop. We 
have chosen the OAIS Reference Model (CCSDS, 2002) as a theoretical 
fundament for the  technical implementation of Archival Information 
Systems and the Records Continuum Model (Upward, 1996) for its study on 
records, often the archive object that should be preserved an accessed in the 
future. This paper describes this missing part as an epistemology and 
ontology for Archival Information Systems based on these two theories. A 
remark it this point is that we don’t pay much attention to the lower levels 
of the framework since they are highly substitutional. 
 

3.3 The OAIS Reference Model 

A model that has had a defining influence in the development of digital 
preservation methods and software is the OAIS Reference Model (CCSDS, 
2002). The OAIS reference model is a conceptual framework for an archival 
systems dedicated to preserving and maintaining access to digital 
information. The model is compound by four major foundation 
components: 

• A producer (person or machine) which produces the information to 
be preserved. 

• A manager which sets up a policy or framework for preservation. 
• An archive (an implementation of the OAIS model). 
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• A consumer (person or machine) which interacts with the archive in 
order to retrieve information. 

 
The figure below shows the conceptual model of the OAIS Reference 
model. A system build according to this model should contain six high level 
processes: 
 

 
Figure 4: The OAIS Reference Model 

 
• Ingest: Receives the information and prepares it for preservation.  
• Archival Storage: storages, maintains and retrieves the preserved 

information. 
• Data Management: coordinates description information from an 

archival object and system information which is used to support 
archival operations. 

• Access: helps the consumer to identify and retrieve information. 
• Administration: plans the ubiquitous archival activities. Monitors the 

environment and assess the development of new standards and 
policies. 

• Preservation Planning: provides recommendations for conversion, 
migration, monitoring changes in technology. 

 
The archive entities are objects which move around in this system. These 
are called Information Packages, which change their status depending on 
where they are in the archive. There are three types of packages: 

• Submission Information Package (SIP): This is the digital object 
package, which is sent to the archive by the information producer. 
In some cases, it may well not arrive with adequate metadata. 

• Archival Information Package (AIP): This contains all the 
information needed in order to preserve the digital object. All the 
relevant metadata will be added and technical specifications to 
render the object. 
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• Dissemination Information Package (DIP): The package that the 
user will receive is the digital object and some of its metadata. There 
is little need for the user to have access to all the complex technical 
metadata stored in the AIP.  

 
It’s very important to point out the responsibilities for this kind of system:  

• Negotiate and accept suitable information from the producers. 
• Keep enough control over the information and manage it to a 

suitable level, necessary for long-term preservation. 
• Decide which organisations are parts of the Designated Community 

in order to understand the received information. 
• Ensure that the information to be preserved is independently 

understandable. Information will be understood without help from 
experts. 

• Follow policies and activities which ensure that information is 
preserved against eventualities in order to accept the information as 
original information. 

• Make the information accessible to the Designated Community. 
 

3.3.1 The Epistemology of the OAIS Reference Model 

The epistemological principles of the OAIS Reference Model are: 
• Information is knowledge that can be exchanged. 
• Humans and systems have knowledge base. 
• Data, which represents information, is contained and structurized in 

archival packages. 
 
The system-infological paradigm show similar fundaments in the first two 
principles. In contrast the theoretical framework for this paradigm 
distinguishes two kinds of information in the knowledge base of humans: 
directive (such as desires, decision rules, alternatives, system properties) and 
operational (such as system state, observed results). The OAIS Reference 
Model does not explicitly this distinction. As we see an OAIS (an archive) is 
a mediator for the exchangeability of information. Typical for archives is 
that information is gathered, organized and structurized in archival 
collections i.e. the packages. The archival packages contain sufficient 
information about itself in order to understand its contents and support the 
long-term use of them. 
 

3.3.2 The Ontology of the OAIS Reference Model 

As ontology helps us to understand the nature, it also leads our thoughts in 
descriptions, explanations and/or in making predictions about 
characteristics, attributes or behaviour of the systems. The ontology of the 
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OAIS Reference Model is summarized:  
• Important principles are the concepts of archiving, openness and 

standards. 
• The phenomenon OAIS embraces is archiving and the 

standardization of open archives and its components (i.e., the 
archival objects).  

• The characteristics of the phenomenon, archiving, is described by 
means of high level functions (ingest, data management, storage, 
access and preservation planning). Further, the flow of archival 
packages in the archive (the OAIS). 

• There are several states for an archival package (SIP, AIP, and DIP), 
depending on the use of those within the archive by the render of 
the functions in the system. 

• One crucial principle in such system is the long-term responsibility 
of the archival organisation (archiving information) towards a 
designated community. 

 
Is this epistemology and ontology enough to guide developers in the 
creation of AIS?  We believe that something more is needed to ensure that 
substitutionality will not become a problem in the future in the AIS we 
develop today. Further digital preservation research has showed that:  
 

• In the Blue Book of the OAIS, the applicability of the model is 
described as: “This reference model does not specify a design or 
implementation. Actual implementations may group or break 
functionality differently” (CCSDS, 2002).  This leads to the 
conclusion that the OAIS Reference model is only a framework 
from which an empty shell of an Archival Information System might 
be derived. 

• The publications Preservation of Digital Publications and NEDLIB: 
Contribution to the Review of the OAIS Reference Model, suggests 
extensions to the OAIS Reference Model (NEDLIB, 2000). 

• In the report Implementing Preservation Repositories for Digital Materials 
(The PREMISS Working Group, 2004), it can be understood that 
the Access function in The OAIS Reference Model, is not fully 
developed to clearly support or guide the implementation of access 
functionality.  

 
We do not want to address or suggest any solutions to the above 
statements. We simply realized then that the OAIS Reference Model alone 
might not be sufficient in order to develop a conceptual model for an 
Archival Information Systems. Then, what else is necessary? The answers 
lies in what is to be preserved: the input to the system i.e. records. Our 
research showed The Records Continuum Model as being a very promising 
theory in order to fill the showed missing part. 
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Upward (1997) proposes The Records Continuum Model as a 
paradigm shift in recordkeeping. Although we do not fully agree with this 
statement, this theory gives answers and philosophical guidance in the 
understanding of archival objects. For this reason we propose that The 
Continuum Model complements OAIS with essential aspects, without 
which methodological principles cannot be derived.  

In information systems management as well as in OAIS no clear 
records world view really exists. The Records Continuum Model can 
therefore be seen as a proposal for a record world view. In this model 
records are more important than the tools used for their management (i.e. 
information systems). The reason is that organisation might change 
direction or purpose, but records exist as an outside phenomenon living 
their “own life” and the contents of the record might not be changed due its 
value as evidence. The Continuum Model provides both a clear 
epistemology and an ontology that can be utilized in the development of 
AIS.  
 

3.4 The Records Continuum Model 

The Records Continuum Model theory was conceived by the Records 
Continuum Research Group, at Monash University in Australia. The 
Records Continuum Model has as its fundament recordkeeping theory and 
the structuration theory of Anthony Giddens. This model is object oriented 
in the sense that the object i.e. the record is focus of interest. The concept 
of Continuum refers to three principles of records (Upward, 1996, 1997, 
2001):  

• A concept of “records” which is inclusive of records of continuing 
value (= archives), which stresses their uses for transactional, 
evidentiary and memory purposes, and which unifies approaches to 
archiving/recordkeeping whether records are kept for a split second 
or a millennium. 

• A focus on records as logical rather than physical entities, regardless 
of whether they are in paper or electronic form 

• Institutionalization of the recordkeeping profession's role requires a 
particular emphasis on the need to integrate recordkeeping into 
business and societal processes and purposes. 
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Figure 5: Records Continuum Model (Upward, 1996) 

 
The model expresses dimensions of records and four continua. The 
dimensions are summarised as follow (Kennedy, Schauder, 1998):  

• Create. In this dimension records of business activities are created as 
part of business communication processes within the organisations 
(e.g. through e-mail, document management software, or other 
software applications). 

• Capture recordkeeping systems manage similar kinds of transactions 
and records series documenting processes at the work unit or single 
function scope of complexity. This involves the addition metadata, 
which disembeds information from the immediate contexts of its 
creation.  

• Organise. In this dimension, a recordkeeping system embraces the 
multiple collections of records that service the entire documentary 
needs (business, regulatory & cultural/ educational/ historical) of a 
single juridical entity.  Records become part of a formal system of 
storage and retrieval that constitutes the corporate memory of the 
organisation. It is the prime locus of time-space distanciation. 

• Pluralise. In this dimension Records that are required for purposes of 
societal accountability (e.g., by corporate law) or other forms of 
collective memory become part of wider archival systems which 
comprise records from a range organisations. It involves the use of 
information in ways which are less predictable or controllable. 

 
And the four continua of the model are:  

• Transactionality relates to records as products of activities. 
• Identity relates to the authorities by which records are made and kept, 

including their authorship, establishing particularities of the actors 
involved in the acts of records creation, the empowerment of the 
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actors and their identity viewed from broader social and cultural 
perspectives. 

• Evidentiality relates to the records as evidence. 
• Recordkeeping Containers relates to the objects we create in order to 

store records. 
 

3.4.1 The Epistemology of the Records Continuum Model 

In order to better understand the epistemology of the Records Continuum 
Model, is necessary to for a while focus on concept of records. The essence 
of records is (Carucci, 1987):  
 

“a representation of an act by a creator (a legal entity such as 
business or a physical person), produced in a specific form that at 
juridical systems recognizes and accepts, and retained as 
evidence”.  

 
 According to diplomatics [ibid.] a record must be compounded by the 
following properties: 

• Identification of the author or individual responsible of its creation, 
• an act or manifestation of decision, 
• a medium that makes that record stable and therefore identifiable, 
• form, which is composed of the constituent elements such as date 

and time of creation, the text and authentication signature. 
 
The fundamental epistemological principles of the Records Continuum 
Model are: 

• Records are logical rather than physical entities. 
• Record’s formation and its packaging are integrated at higher levels 

of aggregation. 
• Records have continuing value. 

 
The manifestations of these properties are held within the record. 
Traditionally the archivist could physically point out a record as observable 
in paper, which was a single document or collection of documents. In 
virtual archives, records are rendered results of data processing in 
computers systems (the recordkeeping objects).  
 

3.4.1 The Ontology of the Records Continuum Model 

• In order to describe the scope of a “record system”, important 
principles are: a) the concept of record (paper or electronic) and b) 
the integration of recordkeeping into business and societal processes 
and   purposes. 



 118 

• The primordial characteristics of the phenomenon are described in 
terms of dimensions (i.e., create, capture, organise, pluralize) of the 
spacetime distanciation. These four dimensions contain the four 
continua: identity, transactionality, evidentiality and recordkeeping 
containers (later called recordkeeping objects). 

• Crucial principles for the nature and harmony of this model in some 
context are, using Anthony Giddens’ words:  

 
“…stretching of social systems across time-space, on the basis 
of mechanisms of social and system integration” (Giddens, 
1984). 

 

4. DISCUSSION 
A new foundation, a way of thinking that alleviates problems of 
substitutionality, is proposed. This foundation is based, on the highest level, 
by The Records Continuum Model. The second step in this foundation is 
The OAIS Reference Model. On the lowest level a software engineering 
method is found. 
 

4.1 Levels of Substitutionality – Revisited 

Figure 6 below describes the emergent framework for developing AIS for 
long-term preservation and access of digital information. 
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Figure 6: Levels of Substitutionality – Revisited 

 
 
In comparisons to figure 4, there are three observations to be explained: 

• The foundation level. 
• The abstract/philosophical-concrete chain 
• The substitutionality chain. 

 
The foundation level has to be stable and not object for major changes. The 
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foundation level can be expressed as the steering philosophy or the 
“paradigm” in which we think and act in order to preserve information for 
following generations. The reason for stating that is because we must have a 
perspective which contains a long-term thinking about the activities and the 
information to preserve. In our specific case The Continuum Model is the 
foundation for that expresses the continuing value of records.  

In the abstract/philosophical-concrete chain, the developers must 
raise their heads to a more philosophical level in order to avoid the 
development of software based on a technical-deterministic view. 

The substitutionality chain is similar to the explanation given in 
section 3.2. On the highest level we found the Records Continuum Model 
as explained earlier. On the next level we find the OAIS Reference Model 
more concretely providing the frame and making it possible to create 
architecture for AIS that supports preservation and access. Finally on the 
lowest level are found the most replaceable parts, in the form of a practical 
software engineering method, guided by the steering philosophy and the 
OAIS standard. We are sure of if this journey is made by AIS developers, 
then the resulting software should mainly and better fulfil the purpose of 
archiving. 
 

4.3 The Epistemology of Archival Information Systems 

First we have to deal with our world views. It should be considered that the 
authors of this paper have two different world views. In order to achieve 
harmony we have agreed about a “methodological pluralism” that should 
help us to express this epistemology. Below we propose a set of 
epistemological principles for AIS. 

• Dealing with AIS is dealing with making records accessible. 
• Information is knowledge that can be exchanged. 
• Humans and systems have knowledge base.  
• Records are logical rather than physical entities and are represented 

in manifestations of data. 
• Records have continuing value by means of information 

exchangeability. 
• The information package, which constitutes of set of records, takes 

form in its creation moment. 
 
Why the term accessible and not preservation? We argue that access to 
recorded information is the essence of archives. Preservation is a very 
important pre-requisite, though “subordinate” activity. Access is only 
possible if records are preserved in the long-term. Preservation without 
access is just storing data. The concept of record from diplomatics is quite 
old. We are convinced that no new definition will be given, perhaps slight 
adjustments to fit actual legislation might come but nothing that disturbs 
our model depicted in figure 6. Not even a new definition of “electronic 
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record” because the essence of records would remain. 
We argue for the terms “manifestation” and “exchangeability”. The 

first term means that records are physically fragments of bit streams, 
physically interconnected to each other creating a logical entity. This is true, 
especially if the record has been born digital. The term of exchangeability is 
to be understood as the result of accessing data rendered by processes in 
computers systems.  
 

4.4 The Ontology of AIS 

In this section we propose a set of ontological principals for AIS as follow: 
• AIS embrace archiving of digital records in archiving organisations. 
• Forward Compatibility is achieved by means of openness and open 

standards. 
• Information and records has several states depending on the use of 

those within the archive by the render of the functions in the 
system. 

• Conceptualizing of archiving objects is done in terms of the four 
continua. 

• Accessibility and long-term preservation is stretching the longevity 
of records across time-space. 

• Providing accessibility and long-term preservation are 
responsibilities of archival organisations. 

 
We argue for the necessity of distinguishing between the organisation as a 
system and the technically built system. In our case, emphasis is put on the 
development of the technical system. The technical system includes 
collections of files, data bases, and software. The vocabulary of the OAIS is 
suitable for this aim (but without forgetting terms of the Records 
Continuum Model). Long-term preservation is achieved by setting up 
strategies based on state of the art technology. That means the archival 
preservation activity is an ongoing activity that might affect by technology 
changes. These changes have impact only on the lower levels of the 
framework. 

Accessibility is achieved by means of the AIS functional performance. 
AIS are used by archival organisations which preserve records and perform 
preservation activities. The epistemology and the ontology for AIS should 
guide us in stating methodological principles for the development of AIS. 
Let’s say we begin our journey downwards. Today information lifetime is 
just prolonged by a set of activities when information passes from its native 
environment to an Archival Information Systems. These activities include 
making the data readable (compatible) for the new environment. Forward 
Compatibility should be addressed as a very high openness (e.g. giving 
description of the format, structure, etc., of the archival object). 
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This framework would give us understanding of Archival Information 
Systems. Therefore Archival Information Systems could be defined as an 
information processing system that serves any organisation5 which has the responsibility or 
necessity of preserving and making archival information accessible to a designated 
community. At a long extent this designated community may be the society 
itself. 
 

4.5 Further Research 

The first question that arises is, if the work is done? The obvious and 
immediate answer is no. As far we could see this framework is just in an 
embryonic stage. Of course we realize that this is a weakness of the 
framework and the paper itself. We are sure that an extent research work 
based on this new perspective is necessary. A natural next step in our 
research should be to apply and validate the proposed framework in a case 
study. This in order to refine the framework by means of: a) Adding parts 
that could be missing, b) correct weaknesses, c) reinforce strengths. This 
may be achieved in workshops with developers within the LDB Project, 
whom might apply this methodology in the development of Archival 
Information Systems. A the same time we see  that our way of thinking 
might usable in order to understand and carry out the activities of long-term 
digital preservation and access. Efforts in this area will also be made on a 
near future. 
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Abstract 

Archives are an essential part of our societal memory. The use of Information Technology 
(IT) in archival context has pointed out the need of preserving digital information. There is 
a need of methods and techniques for preservation activities and the development of 
supporting tools. Archival Information Systems are a special kind of information systems. 
The development of Archival Information Systems has to be non-ad hoc implementation 
based on a special way of thinking. The paper A Foundation for Archival Information Systems 
Development (Quisbert, Hägerfors, 2006) proposes a thinking framework based on the Records 
Continuum Model, the OAIS Reference Model and the Model Driven Architecture 
(MDA). In this paper the results of an evaluation of this thinking framework are presented. 
The evaluation shows that the framework might be useful but further evaluation is needed. 
The evaluation also shows the lack of fundamental principles for long-term preservation 
and access.  
 
The Centre for Long-term Digital Preservation (CLDP) connected to the Luleå University 
of Technology (LTU) in Sweden, is an R&D division working with digital preservation 
issues. The intention of the proposed framework is to be the fundament for developing a 
prototype for an Archival Information System, at this centre. Later, a complete software 
implementation base upon the proposed framework should be developed in order to 
support long-term preservation of digital information embracing important characteristics 
of the Continuum Model and the OAIS Reference Model and the MDA. 
 

Introduction 
 

The use of archives as a part of the societal memory can be dated to the 

ancient Greek and Roman civilizations. Archives traditionally, have been 

associated with special places in which archivists did the job of searching in 

the archives and delivering stored records. These records were mostly paper 

records. In today’s society we are seeing a shift from paper based records to 

digitally stored information. This is a result of rapid technological 

development in the field of computers over the last decades. Archival 

mailto:Quisbert@ltu.se
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organisations have been facing these technological changes and disclosing 

the need for long-term preservation of digitally stored information. New 

approaches to archiving are therefore necessary. Digital archiving can be 

seen as a rather new way of archiving. It’s not an understatement to affirm 

that digital archiving or Archival Informatics is a growing field that emerges 

from Archiving Science and IT. Archival Information Systems for long term 

preservation and future access of digital information are therefore needed in 

this growing field. Archival Information Systems are in this research defined 

as an information processing system that serves an archival organisation 

which has the responsibility of preserving and making archival information 

accessible to a designated community i.e. the society itself (Runardotter et 

al., 2005). 

 My research work is part of the activities carried out within 

the Swedish Centre for Long-term Digital Preservation1. This centre has 

two major goals; to increase knowledge in the field of long-term digital 

preservation and access by carrying out research and to disseminate state-of-

the-art knowledge to archivists and systems developers connected to the 

field of long-term digital preservation and access. At present, the centre 

focuses on three research topics; archival information systems, metadata 

and organisational issues. My research focuses on the development of 

archival information systems that allow for long-term preservation and 

access.  

 

Motivation 
 

A basic assumption in this research is that Archival Information Systems are 

special instances of Information Systems. There is a vast body of literature 

about Software and Information Systems Development. Many of the 
                                                 
1 The Centre for Long-term Digital Preservation (CLDP), located in the municipality of Boden in 

northern Sweden, has been founded by the partnership of several national Swedish entities; The 
Swedish National Archives, Luleå University of Technology and the Municipality of Boden. 
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approaches described in the literature are on a very general level. However, 

special kinds of Information Systems may need specific development 

methodologies based on specific ideas or assumptions or even based on 

specific user or organisational needs. As an example from another branch of 

Information Systems, one specific need to be addressed in the development 

of Decision Support Systems as such is to overcome cognitive limits in 

process and storage (Turban, 2001).  

 The field of long-term digital preservation and access has 

been seen as a rather new research field. Research in this field has been 

carried out for at least the last three decades. Still there are several areas that 

need to be better covered and much more to be done. This research field 

covers the areas of digital archiving, record keeping, metadata, preservation 

techniques such as emigration and emulation, legal and organisational issues 

amongst them. In (Ruusalepp, 2005) it is shown that the fundamental design 

of digital archive systems has remained unchanged during these three 

decades of research. Although the OAIS Reference Model (CCSDS, 2002) is 

a standard aimed to support the development of digital archive systems, it 

has mostly been used as a blueprint in order to achieve a common view of a 

digital archive (ibid.). Usage of the model for actual development of 

Archival Information Systems and for ensuring long-term accessibility has 

been scarcer. 

 Ruusalepp’s observation leads to the conclusion that no long-

term thinking has been introduced in software development. Trying to 

address a new approach in the development of digital archives demands a 

revision of the fundamental ideas in software development. In this paper I 

discuss a previously developed new framework for long term preservation 

and access (Quisbert, Hägerfors, 2006), the Archival Information Systems 

Thinking Framework. The framework is based on the idea of Forward 

Compatibility (Runardotter et al., 2005) and theories from information 

systems science and archival science. This framework was theoretically 

developed and has now been subjected to an initial empirical testing.  
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The concept of Forward Compatibility is twofold. It is an appeal to 

the whole IT Community to promote openness towards other IT actors 

concerning the specification of file formats and software implementation. 

File formats must be as open as possible, for instance, in order to migrate 

relevant data contained within the files. The concept is also a part of a way 

of thinking or a major assumption in the development of archival software. 

Developers of digital archives should actually take the lead in using this 

concept, make it a design principle and showing how it can be practically 

realized. 

 

The Archival Information Systems Thinking 
Framework 

 

The next subsections present the theoretical base for the paper. They 

consist of a short description of the Records Continuum Model, the OAIS 

Reference Model and the OMG model. These in combination form the 

Archival Information Systems Thinking Framework (Quisbert, Hägerfors, 

2006). 

The Records Continuum Model theory was conceived by the 

Records Continuum Research Group, at Monash University in Australia. 

The Records Continuum Model has as its fundament recordkeeping theory 

and the structuration theory of Anthony Giddens. This model is object 

oriented. The following section is a synthesis of major papers published by 

the Records Continuum Research Group (Upward, 1996, 1997, 2001). The 

concept of Continuum refers to three principles of records (Upward, 1996):  

 

• A concept of “records” which is inclusive of records of continuing 

value (= archives), which stresses their uses for transactional, 

evidentiary and memory purposes, and which unifies approaches to 
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archiving/recordkeeping whether records are kept for a split second 

or a millennium. 

• A focus on records as logical rather than physical entities, regardless 

of whether they are in paper or electronic form 

• Institutionalization of the recordkeeping profession's role requires a 

particular emphasis on the need to integrate recordkeeping into 

business and societal processes and purposes. 

 

 

Figure 18 - The Records Continuum Model (Upward, 1996) 

 

The model expresses dimensions of records and four continua. The 

dimensions are summarised as follow (Kennedy, Schauder, 1998):  

 

• Create. In this dimension records of business activities are created as 

part of business communication processes within the organisations 

(e.g. through e-mail, document management software, or other 

software applications). 

• Capture recordkeeping systems manage similar kinds of transactions 

and records series documenting processes at the work unit or single 

function scope of complexity. This involves the addition metadata, 
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which disembeds information from the immediate contexts of its 

creation.  

• Organise. In this dimension, a recordkeeping system embraces the 

multiple collections of records that service the entire documentary 

needs (business, regulatory & cultural/ educational/ historical) of a 

single juridical entity.  Records become part of a formal system of 

storage and retrieval that constitutes the corporate memory of the 

organisation. It is the prime locus of time-space distanciation. 

• Pluralise. In this dimension Records that are required for purposes 

of societal accountability (e.g., by corporate law) or other forms of 

collective memory become part of wider archival systems which 

comprise records from a range organisations. It involves the use of 

information in ways which are less predictable or controllable. 

 

The four continua of the model are:  

 
• Transactionality relates to records as products of activities. 

• Identity relates to the authorities by which records are made and 

kept, including their authorship, establishing particularities of the 

actors involved in the acts of records creation, the empowerment of 

the actors and their identity viewed from broader social and cultural 

perspectives. 

• Evidentiality relates to the records as evidence. 

• Recordkeeping Containers relates to the objects we create in order 

to store records. 

 

The OAIS Reference Model has had a defining influence in the 

development of digital preservation software is the OAIS Reference Model 

(CCSDS, 2002). The OAIS reference model is a conceptual framework for 

an archival systems dedicated to preserving and maintaining access to digital 

information. This model is process oriented. The model is compound by 
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four major foundation components: 

 

• A producer (person or machine) which produces the information to 

be preserved. 

• A manager which sets up a policy or framework for preservation. 

• An archive (an implementation of the OAIS model). 

• A consumer (person or machine) which interacts with the archive in 

order to retrieve information. 

 

Figure 2 below shows conceptually the OAIS Reference model. A system 

build according to this model should contain six high level processes:  

 

• Ingest: Receives the information and prepares it for preservation.  

• Archival Storage: storages, maintains and retrieves the preserved 

information. 

• Data Management: coordinates description information from an 

archival object and system information which is used to support 

archival operations. 

• Access: helps the consumer to identify and retrieve information. 

• Administration: plans the ubiquitous archival activities. Monitors the 

environment and assesses the development of new standards and 

policies. 

• Preservation Planning: provides recommendations for conversion, 

migration, monitoring changes in technology. 
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Figure 19 – The OAIS Reference Model (CCSDS, 2002) 

 

The archive entities are objects which move around in this system. These 

are called Information Packages, which change their status depending on 

where they are in the archive. There are three types of packages: 

 

• Submission Information Package (SIP): This is the digital object 

package, which is sent to the archive by the information producer. 

In some cases, it may well not arrive with adequate metadata. 

• Archival Information Package (AIP): This contains all the 

information needed in order to preserve the digital object. All the 

relevant metadata will be added and technical specifications to 

render the object. 

• Dissemination Information Package (DIP): The package that the 

user will receive is the digital object and some of its metadata. There 

is little need for the user to have access to all the complex technical 

metadata stored in the AIP.  

 

It’s very important to point out the responsibilities for this kind of system:  
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• Negotiate and accept suitable information from the producers. 

• Keep enough control over the information and manage it to a 

suitable level, necessary for long-term preservation. 

• Decide which organisations are parts of the Designated Community 

in order to understand the received information. 

• Ensure that the information to be preserved is independently 

understandable. Information will be understood without help from 

experts. 

• Follow policies and activities which ensure that information is 

preserved against eventualities in order to accept the information as 

original information. 

• Make the information accessible to the Designated Community. 

 

The Model Driven Architecture (MDA) proposed by Object Management 

Group is a method for software development (Mukerji, Miller 2003). This 

model is compound of four elements in different levels of abstraction. The 

Computational Independent Model (CIM) is an abstract model over 

activities (the organisation business) which are intended to be supported by 

the software to come. The Platform Independent Model (PIM) is a 

computational adaptation of the computation independent model. The PIM 

must be refined in order to fit a specific platform, this means that a 

Platform Specific Model (PSM) must be developed based on the PIM. The 

Code, the level that physically constructs the software, is based on the PSM. 

 

 

The Framework Explained 

 

The aim of the Archival Information Systems Thinking Framework is to be 

used as a “thinking model” (see figure 3) when approaching to the 

development of Archival Information Systems. A desirable effect of using 
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this framework is, in the long-term, to gain knowledge about how to 

develop archival software through selecting important aspects of the 

Records Continuum Model and The OAIS Reference Model as fundaments 

for Forward Compatibility.  
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Figure 20 – The Archival Information Systems Thinking Framework 

 

As shown in the figure, the more we step down in the hierarchy, the more 

interchangeable things are. We begin our journey upwards. The software 

(the Code in MDA), which is the fundament for data manipulation in a 

computer, is the lowest level of the framework. The software might be 

replaced by a new release or a new version several times in the first year of 

its use. The Platform Specific Model (PSM) should be more stable and 

might be changed if for instance technology changes have occurred in the 

underlying infrastructure such as the operating system. This has, of course, 

implications for the software. The Platform Independent Model (PIM) 

should be yet more stable than the PSM. The PIM might suffer changes 

only if changes are made in the Computational Independent Model (CIM). 

The CIM, which could be seen as the “business model” of an organisation, 

might change as a consequence of external demands, such as new 

legislation, or because of internal changes within the organisation, such as 
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internal re-organisation. On the next level we find the OAIS Reference 

Model more concretely providing the frame and making it possible to create 

architecture for digital archives that supports preservation and access. 

The foundation level has to be stable. The foundation level can be 

expressed as the steering philosophy or the “paradigm” in which we think 

and act in order to preserve information for following generations. The 

reason for stating this because we must have a perspective based on a long-

term thinking about preservation activities and the information to be 

preserved, in other words the implementation of Forward Compatibility. In 

our specific case The Records Continuum Model is the foundation for this 

because it expresses the continuing value of records. In the 

abstract/philosophical-concrete chain, the developers must raise their heads 

to a more philosophical level in order to avoid the development of software 

based on a technical-deterministic view.  

It is necessary to be aware of discrepancies that might exist between 

the object oriented approach of the Records Continuum Model and the 

process oriented approach of the OAIS Reference Model. The framework 

embraces both approaches, because I believe the process and the object 

must follow each other. Using the framework in practical cases will address 

eventual discrepancies. 

It is also necessary to distinguish between the organisation as a 

system and the technically built system. In our case, emphasis is put on the 

development of the technical system. The technical system includes 

collections of files, data bases, and software. The vocabulary of the OAIS is 

suitable for this aim (but without forgetting terms of the Records 

Continuum Model). Long-term preservation is achieved by setting up 

strategies based on state of the art technology. That means the archival 

preservation activity is an ongoing activity. Accessibility is achieved by 

means of the Archival Information Systems functional performance. 

Archival Information Systems are used by archival organisations which 

preserve records and perform preservation activities. Why the term 
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accessibility and not preservation? We argue that access to recorded 

information is the essence of archives. Preservation is a very important, 

though a “subordinate” activity. Access is only possible if records are 

preserved in the long-term.  

METHOD 
 
The empirical testing of the theoretical framework utilized the Future 

Workshop Method (Jungk and Müllert, 1988). The main reason for using 

this method was that a group of people tackles their problems in a future-

oriented way and the nature of long-term preservation is per se future-

oriented. Another important reason for using this method is that this 

method helps to “dive deeply” in the selected topic.  

The method consists of two major part phases: the preparatory 

phase and the workshop itself. The workshop is divided in three phases: 

Critique, Fantasy and the Implementation Phase. The Critique Phase is used 

for the elicitation of problems or difficulties about the selected topic of 

discussion. The Fantasy Phase is used to unleash imagination and creativity 

in order to draw up possible solutions to the problems or difficulties found 

in the Critique Phase. In this phase it is important to have a “brainstorming” 

approach without criticism on the possibilities of implementing ideas. The 

Implementation Phase is used to separate between what the participants 

would like to see and what actually can be done. In every phase it is 

important to document the input from the participant by writing it on a 

whiteboard or A3 paper sheets taped on the walls. The participants might 

read the input during the whole workshop. Criticism or ideas might be 

weighted by giving grades or by listing them by putting the most important 

first in the list and so forth. 

The topic of the workshop was the Archival Information Systems 

Thinking Framework. The major focus of the workshop was to validate the 

thoughts presented in (Quisbert, Hägerfors, 2006) and to get input on how 
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to approach the steps from the abstract higher levels of the Archival 

Information Systems Thinking Framework (figure 3) to the concrete lower 

levels. The preparatory phase consisted in preparing the participants for the 

coming workshop by orally presenting the idea of having a workshop on the 

topic. The Paper Foundations of Archival Information Systems (Quisbert, 

Hägerfors, 2006) was sent in advance to the group to be studied as an input 

for the workshop. The group of participants chosen was a group of 

professional Archival Information Systems Developers. It was a group of 

five people. Three of them have worked for several years developing 

software. One of them graduated from university two years ago. The final 

participant also has a technical background and is working with strategic 

issues. The average time of working with long-term preservation is about 

one year. The group can be described as quite homogenous in background 

and experience. 

The workshop deviated from the method description in that the 

Records Continuum Model was explained in a short session before 

beginning the phases of the workshop. No grades where given to the input 

in the phases. Due to the topic, it was agreed that the discussion should be 

quite limited to the topic and matters surrounding the topic. The amount of 

time used was approximately one hour for each phase, due to the topic and 

the amount of participants. The workshop was carried out early this spring 

(2006). 

 

 

DATA GATHERED 
 
The most significant results are presented below for every phase of this data 

gathering method. In the Critique Phase of the workshop a set of difficulties 

was disclosed. Most of them were related to the complexity of the Records 

Continuum Model. For instance the conception of time was difficult to 
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understand intuitively. Other issues were that the Records Continuum 

Model might not cover “everything” (i.e. every aspect that is needed to be 

covered in order to make preservation meaningful) and this model is as one 

of the participants expressed “just another model”. The OAIS Reference 

Model was accepted, but the reaction in the group was that the models 

might be difficult to “mix” and that the mix (or just the Records Continuum 

Model alone) might be difficult to implement. The reason for those 

comments was that the Records Continuum Model seems to be even more 

abstract than of the OAIS Reference Model. A quite isolated remark 

concerned research. The comment suggested that perhaps other research 

“entries” than records research should be necessary in long-term digital 

preservation research. 

In the Fantasy Phase of the workshop, an ideal model was proposed 

as follow:  

 

Figure 21 – Ideal Approach to Preservation and Access 

The question that needed to be answered here was: What are these general 

“principles” that lead to a general method? The answers given were based 

on questions raised in discussion within the group. A) What is the purpose 

of archives in society? and B) what aspects of society or “the archive being” 

(the records or digital information or what ever to be preserved) need to be 

reflected in the long term? A common concept that appeared several times 

was “everything” and depicted as big circle (see figure 5). Within this big 

circle the societal, organisational or (what ever) aspects of “the archival 
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being” can be found (the smaller circles, just examples). Within the smaller 

circles are found principles for what can or needs to be preserved, and 

finally in the smallest circles what material actually might be preserved.  

 

Figure 22 – Everything and suggested principles within it 

 

One comment concerning this set of (unknown) principles was that the 

principles should, as in Christian belief, serve or have same function as “The 

Ten Commandments” in order to “rule” the mentality and the actions of 

the preservation community and be powerful enough to survive technical, 

legislative or societal changes, this in order to ensure that everything is 

covered and preserved. In connection with this discussion some parts of the 

OAIS concept of Information package were questioned. Other comments 

in this phase concerned, once again, the concept of everything but in the 

search of standardised metadata about all possible things. This should, in 

some sense, unite the (preservation) community under one umbrella. 

 In the Implementation Phase most of the comments 

concerned not the possibilities but the necessity of stating the still unknown 

principles. The common attitude was that “everything is viable” and the 

principals and the model (figure 4) should be normative within the digital 

preservation community. This is due to its scientific underpinning in which 

is shown that the aspects (or principles) are reflected in the smaller circles 

and the smaller circles are concretizations of the aspects (or principles).  
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Analysis 
 
I have found two categories of data related to the long-term preservation 

process: A) Short term actions and B) Long-term fundamentals. In the first 

category I found the terms of standardisation and other others that may 

support developers in their everyday work. In this category the Records 

Continuum Model, the OAIS Reference Model and the Archival 

Information Systems Thinking Framework are included. The main reason is 

the following: these models are, as the developers express, just models. They 

might describe an idea or depict a phenomenon. These models are based on 

knowledge about a phenomenon at a certain point in time and might be 

used during that period of time. New models might (and surely will) emerge. 

Even the Archival Information Systems Thinking Framework has limited 

longevity. It was obvious that forward compatibility is a “default desire” in 

long-term digital preservation in order to make the process easier.  

The comments about the difficulties of mixing the models in 

another model and the implementation of the latter could be interpreted as 

follow: Dealing with the OAIS Reference Model is already difficult. This 

model is an abstract model and open to different interpretations and 

implementations. Adding another model in the process of long-term digital 

preservation and access might complicate things even more. The intention 

with the Archival Information Systems Thinking Framework was then not 

fully understood. If this interpretation is accurate, then the conclusion that 

can be drawn is: a) either they did not fully understand the model or b) there 

might exist mental conflicts between the models, especially between the 

Records Continuum Model and the OAIS reference Model or c) due to The 

Records Continuum Model complexity and level of abstraction, it might be 

necessary to formulate a “simpler version” of this model in order to easier 

be understood by practitioners. But the question is if this is possible or 

rather desirable. I think it’s possible but not desirable because its complexity 

forces one to think a bit (or perhaps very) differently in the conception of 
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or when dealing with records. I pointed out in the Motivation section of this 

paper that the development of digital archives demands a revision of the 

fundamental ideas in software development. The remark about time in the 

Records Continuum Model was discussed and later understood. 

In the second category I found that the lack of deeper guidance or 

philosophy is the most crucial. The aspects of the framework that where 

understood an accepted were The OAIS Reference Model because is well-

known by the participants, and the MDA approach due to the background 

of the group. According to the “ideal” approach to preservation and access 

a not really a new revision must be done to the Archival Information 

Systems Thinking Framework but is necessary to put it in the “right” place 

within this “ideal model”. In this context, the proposed framework might be 

used just for specific purposes in a certain point of time, but together with 

archive objects (its definitions, properties, etc.) and organisational issues 

given or existing at the same point of time. The motive for that is that the 

development of digital archives must embrace the archive objects, the IT-

support and organisational issues within the archival organisation i.e. long-

term preservation must evolve with all these components as whole. 

Extending this idea, a further level is perhaps necessary in order to 

“complete” the framework and this level should be “placed” at the top of 

the framework. 

 

DISCUSSION 
 
In this paper the results of the evaluation of the Archival Information 

Systems Thinking Framework has been presented. From the analysis of the 

data I can make two major conclusions: a) The Archival Information 

Systems Thinking Framework might be useful when developing archival 

software, this in the reference to short term actions, and b) a set of 

principles (perhaps based on philosophical base) needs to be set in order to 
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carry out a meaningful long-term preservation and access of digital 

information, this in reference to long term fundamentals. 

 To the first issue I use the expression “might be” because the 

group did not reject either accepts the framework directly. This means that 

the framework needs to be further evaluated and developed. Assuming that 

the group fully understood or not the Archival Information Systems 

Thinking Framework, this framework (at this stage) does not give enough 

guidance in order to approach the concrete development. The group is 

practical-oriented and they have been facing the difficulties of not having 

guidance in the process of implementation of long-term digital preservation 

and access. This is still an issue to work on in both the practical and in the 

research level. 

 On the second issue it can be said that a deeper philosophy is 

needed. All the models presented might be the object of questioning, if not 

just now at least within one decade or two. It’s highly important to 

remember that our approach must be reliable for more than our lifetime! 

This means that upon my approach to the development of digital archives, 

(at least) one more level needs to be added (the real philosophical level). The 

level that was pointed out as: “The Ten Commandments of Long-term 

Digital Preservation” or the set of principles that maybe reliable in a very 

long-tem perspective. For instance in the Strategy Task Force Report of The 

InterPARES Project I, a set of principles were outlined (InterPARES, 

2001). The principle 9 in this report says: “integrate records appraisal in the 

continuous process of preservation”. This principle might be annulated if a 

new Archival Law dictates “no appraisal will be done” (due to storage media 

has become more spacious and cheaper). The desirable principles might 

remain unchanged or survive even if radical thing happened in the sphere of 

long-term preservation and access.  

The figure below (figure 6) tries to approach the relation between 

such principles and the context of digital preservation. The centre is the 

focus the long-term preservation and access in which we find its 
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“elements”: the archival objects, the archival organisation and the tools 

(software and hardware) for it. These elements are surrounded by principles 

affecting the actions of the organisation, the properties of the archival 

object and the development of the tools for long-term preservation and 

access. This set of principles should be based on a deeper philosophy, 

beyond the philosophy of Information System, beyond the philosophy of 

records, beyond the philosophy of organisations, in order to achieve 

meaningful long-term preservation of digital information.  
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Figure 23 – The long-term (digital archival) preservation context and its principles  

 

A question that needs to be discussed is the method used to gather data. 

Why did I get the data I got? There are two possible answers to that 

question: a) I might have used the wrong method. There are a large number 

of data gathering methods, but I judged the used method to be appropriate 

method due to its future-orientation and I needed a deep evaluation of the 

Archival Information Systems Thinking Framework. b) I might have used 

the method wrongly. I have little experience leading this kind of workshop 

and maybe I did not have enough leadership in order to deeply discuss just 

the Archival Information Systems Thinking Framework. Maybe it was 

necessary to be rigorous applying the method but I considered that some 
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modification might not affect the results due to the limited group of 

participants. Anyway the topic was discussed; the concepts, terms and 

definitions from the theoretical section of this paper were used during the 

workshop. As I see it the group needed an input (the workshop) in order to 

disclose the lack of deeper fundaments in the process of long-term digital 

preservation and access.  

 

 

FURTHER RESEARCH 
 
There are a set of actions that will follow this paper. I have planned to have 

another workshop together with a group of developers working with long-

term digital preservation and access within the Swedish National Archives. I 

might say that “I need another opinion” in order to refine the Archival 

Information Systems Thinking Framework. Further work is also to be 

carried out in order to approach the lower levels of this framework. Then a 

prototype utilizing the framework will be developed. The prototype will be 

evaluated and at the same time the Archival Information Systems Thinking 

Framework will also be evaluated and refined.  

What about the lack principles that the developer group have 

disclosed? What was meant with “everything”? What was meant with deeper 

philosophy basis? What was meant with aspects that need to be covered? I 

can’t give answers to those questions in this paper, but the expectations of 

the developer group are that these answers “will” be given by some 

researcher or research carried out at the CLDP. I believe the outlined 

approach of iterations between theoretical development, empirical testing by 

developers and practical application of the Archival Information Systems 

Thinking Framework will be useful in the search for the principles of long-

term digital preservation and access. 
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