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Abstract 
In the wake of increased e-government service and overall increase in creation of 
digital documents, the problem of preserving this kind of “digitally born” material 
has become imminent. This research focus on how to preserve the physical 
structure, in other words the layout, colours, logotypes, font characteristics and so 
on, of digital objects. The reason for this lies in the interest of preserving the 
information of digital objects, which besides what usually is seen as the content, 
namely the text or numerical values represented in the digital object, also includes 
the visual attributes since they contribute to the information drawn from the data 
in the digital object (document/form). 

The suggestion posed in this work is that the visual attributes could be described 
with metadata and, where applicable, “backdrops” in order to make the future 
rendition of the digital object as similar to the original as possible. Since it is 
possible to make exact bit-level copies of digital objects, and since they are 
recreated every time they are accessed, I use the term “metadata driven imitation” 
to emphasize that were not really dealing with originals, but instead imitative 
copies. One important benefit of this is that the content still is searchable and 
accessible, instead of frozen in a document which content is readable for humans 
but not for machines. 
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“Plus ça change, 
Plus c'est la même chose. 

The more that things change, 
The more they stay the same.” 

(Rush – Circumstances, 1978) 
(Alphonse Karr, 1808-1890) 
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1 Introduction 
This chapter describes the background and my interest in the area of long term 
digital preservation. It also briefly covers the basics of some of the models used in 
the field of digital preservation, some of which I will use, some that I will not use 
but that contributes to the overall understanding of the area. 

In today’s society we are still able to visit, and read, carvings and runes from the 
Viking era. Wall paintings in Egypt tell stories about life, and death, in the age of 
the pharaohs. At the same time we have problems reading documents created 
twenty years ago – if they are stored electronically instead of on paper. Albeit not 
all rune stones and wall paintings are accessible today and much work have been 
done in interpreting the symbols and alphabets that were used. However, 
considering that more recorded information has been produced during the last 
decade than in any other decade in human history, most of it is less accessible 
than ever before (Duranti 2000). The electronically stored documents may be 
unreadable either because of rapid deterioration of the storage media, lack of 
technical equipment to access the storage media or problems interpreting the 
logical format of the file, perhaps due to insufficient documentation.  

On paper, perhaps structured as a form, information is stored exactly as created, 
with the same structure, the same labels and visual attributes. In the digital era 
however, the information is “pushed down” in to a database where it more or less 
loses some of the aspects that actually made it into information, such as context, 
spatial relations and colour. With those “superfluous” aspects separated, I would 
prefer to call it data instead of information. 

Still, databases are a rather good way to store and retrieve data. If we just can 
keep this data in touch with all the metadata that relates to it, we will have access 
to the actual information. Or will we? That depends on what we mean by 
metadata. Since the information is created and managed in some kind of digitised 
information system, not on paper, we might have to preserve the system to be able 
to perceive the same information as when the information was created. For this 
reason, some in the field of digital preservation propose emulation as a solution to 
the problem. This might be necessary in some cases such as Computer Aided 
Design (CAD) and Geographical Information Systems (GIS), but when we 
consider the large amount of records created digitally in, for example, 
governmental agencies, emulation might be a bit over-ambitious. One other 
problem following on the emulation trail is that future users will have to learn 
how to use old systems and applications, for example Windows 3.11, to gain 
access to the information. However, is there actually any need for preserving 
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functionality of a web-based form? I mean, we do not expect to be able to fill out 
an archived paper form once again, do we? 

My interest lies in how to preserve all necessary information about a computer 
based information system, so that a future user/researcher can perceive the same 
information as the original user did. This incorporates trying to give future users 
understanding about system context, internal relations between functions, 
different levels of access, and perhaps future users need information about how to 
interpret different layouts and types of text (for example bold, italic or red). Most 
of this information should be available in system documentation, but may need to 
be incorporated in a more user friendly way than just a set of manuals. 

If we fail to preserve the material that is created digitally, our present time in 
human history will forever be forgotten or at least not very well documented. In a 
shorter span of time, failing to preserve digital records may result in problems 
when trying to find evidence of a certain process that has taken place. For 
example records proving some interaction between a government agency and a 
citizen. 

In Europe of today, many governmental agencies provide e-services to citizens. In 
the 28 countries (which apart from the EC-countries include Iceland and Norway) 
that are included in the statistics from IDABC (2006), there were 12590 public 
authorities providing service to the public. Of these 92% were available online 
(i.e. had a website) and the overall “online sophistication” were 75%, which in 
IDABC terms mean that the sophistication is “two way interaction”, for example 
electronic forms. For Sweden 74% of the services were “fully available online and 
the online sophistication scored 90% (IDABC 2006). Some of these services lead 
to creation of records, which in turn mean that they need to be preserved. It is the 
preservation of this “digitally born” material that has caught my attention.  

1.1 The field of digital preservation 
As already indicated in the background there are different problem areas 
embedded in preserving digital material. 

Digital material produced a decade ago can be hard to access. Part of this problem 
lies in hardware and the fact that the platform (both hardware and software) no 
longer is produced or supported by its vendor, which means that you actually need 
to have old working hardware to be able to access the storage media that once 
were used to “preserve” the material. If the data can be transferred to a more 
modern storage media there is always the possibility of, after considerable work 
efforts, emulating the original hardware on a newer platform and thereby gain 
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access to the stored material. The problem of technical platform must be taken 
into account when developing new platforms for long term storage to make sure 
that data can be transferred (migrated) to future platforms without too much 
effort. One part in solving this problem is to create routines and methods for 
migration of the material to new storage media. 

Systems containing data that is to be archived must somehow be analysed to be 
able to identify the archive information in the system. In addition to this, system 
documentation and manuals must be preserved for the future to make sure that 
future users will be able to understand the system and its operation. Methods and 
models are needed for both of these tasks to make sure that the systems are 
archived in a unified way which thereby enhances the possibility of future access.

Methods are also needed to present the archived material. In this process you run 
into the problem with authenticity. What is a valid 'original' and what is a copy 
without actual value. If the digital document (object) is to be presented exactly as 
it once was viewed in its original state this must have been taken into account 
already at creation, or at the very least at the time of archiving. Moreover, some 
hardware and/or software might be needed to make this possible, for example a 
working version of the software once used to create the document. The likelihood 
of working original hardware and software in the long term seems slim. The 
solution to this problem might be to supply the presentation format together with 
the document itself in a format that will be possible to interpret in the future, a 
sort of self describing object. Charles Dollar touches this subject in what he refers 
to as encapsulated records (Dollar 2000, p. 50-51). 

The physical storage format mainly resides under technical platform since they 
relate quite heavily on each other. A looser relation between hardware and the 
actual physical storage format is however preferable and for the moment this is 
not such a big problem, but looking at the history of information technology and 
its rapid evolution, this has to be taken into account for the future. The logical 
format of digital information varies between simple formats such as text files to 
more complex formats such as word processor documents and compressed 
pictures. Some of these logical formats are proprietary and thereby often closed in 
the sense that you don’t have access to the specification of the format. This may 
be a long term problem since the owner of such a format may go out of business 
and perhaps take its format with it to the grave. There are some open standards for 
logical formats of different kinds which thereby are more suitable to long term 
storage (preservation) due to the possibility of control over the format. There are 
also some open formats that are owned by companies and those could be used for 
long term storage if they are well documented. To be useful in long term storage 
all of those formats need to be enhanced with metadata for describing what the 
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document contains and probably even the structure of the format. In his report to 
The Swedish Agency for Public Management, Wessbrandt (Statskontoret 2003, p. 
42) expresses a whish for structure in metadata creation and also that this process 
should be automated as much as possible. 

Of all the above problem areas I have chosen to dwell deeper into the last one, but 
more specifically, how metadata can be used to describe a digital object in such a 
way that it can be understood in the future. 

1.2 Records, and access to them 
Who should have access to the records kept in an archive? Well, that depends on a 
lot of different aspects of the record, such as confidentiality and personal integrity 
and so on. But if our general intention is to provide access to the archives to as 
broad a public as possible, in as a convenient way as possible, we should strive for 
a web-based interface to the archives and their material. At least for the near 
future. 

What constitutes a record then? Well, there are a couple of different notions of 
this, depending on who you ask. There is the concept of record as recorded 
information with the addition that the information is recorded in conduction of 
business or governmental processes. This recorded information often 
describes/relates to several documents that together constitute a record (ISO 
2001). Then you have the record in the meaning of a single document. This is 
sometimes referred to as document/record to emphasise the difference between 
the concepts. To complicate it a bit, a record can be made up of several 
document/records with some additional metadata. In this work, record means 
recorded information together with documents and additional metadata needed for 
preservation, whereas document/record means just a single document (with 
metadata).  

1.3 Models for long term preservation 
There are some different models for long term preservation. Some of the more 
influential ones will be described briefly in this part, and after delimitations has 
been made, the most relevant for this work will be discussed in more detail in 
chapter 3. 

1.3.1 The OAIS reference model 
The Consultative Committee for Space Data Systems realised that they had lost a 
lot of data from NASA:s early space travels. With this in mind they started to 
develop a model for an Open Archival Information System (OAIS) which later on 
became accepted as an ISO standard (ISO 14721:2003). The OAIS reference 
model (CCSDS 2002) is an abstract model of how an archival information system 
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should be constructed, or rather what functions and components that are necessary 
in order to describe an information object. 

The OAIS model is a reference model that is supposed to serve as a guideline in 
development of archival information systems. The model therefore is platform 
independent by not recommending or endorsing different products or 
technologies, but instead allowing you to choose your own way of implementing 
it. The OAIS model is often referred to in different projects regarding digital 
preservation and therefore basic understanding of this model makes 
communication and interpretation of results and efforts easier. 

OAIS environment 
The OAIS itself is an archival information system. In the environment outside this 
system there are three different roles; Producer, Consumer and Management.

• The Producer is the role played by those persons, or client systems, which 
provide the information to be preserved. 

• Management is the role played by those who set overall OAIS policy.  
• Consumer is the person, or client system, that searches and acquires 

preserved information in the OAIS. 
(CCSDS 2002, p. 2-2) 

These roles are also shown in this simple model of the environment for an OAIS 
(Figure 1). 

Figure 1: Environment Model of an OAIS (CCSDS 2002, p 2-2) 

1.3.2 The Performance model 
In the Agency to Researcher project conducted at the National Archives of 
Australia (NAA) an approach to preservation was developed (Heslop, Davis & 

OAIS 
(archive) 

Producer 

Management

Consumer 
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Wilson 2002). In this approach, the main idea is to preserve the “performance” of 
a record, in other words, the actual data file is not necessary to preserve in its 
original state since the user seldom accesses the file directly. The data file is 
usually processed with a combination of hardware and software that creates a 
“performance”. This performance has some essential characteristics that are 
necessary to preserve in order to make it perform the same way. It is this 
performance that is of use to the future researcher, and therefore Heslop, Davis 
and Wilson considers this to be the main focus for preservation. 

1.3.3 The Records Continuum Model 
The Records Continuum Model is a model that suggests that records live in a 
space-time continuum where they are created, used, stored and then re-created, 
until they eventually are destroyed. This implies that records are not “end 
products” that are fixed when they reach the archive. Instead, the records should 
be considered as unstable, with the need of adding metadata to them through their 
entire lifetime, in other words keeping their provenance up to date. (Upward 
2001) 

1.4 Briefly on preservation strategies 
There are some different strategies on how to preserve digital material and they 
will be briefly described in this section while emulation and migration will be 
described in more detail in chapter 3. Although strategies might seem like a 
strong word for some of the approaches, this is the commonly accepted term for 
these methods, and will therefore be used even in this work. 

Media related approaches 
We can start with bitstream copying which easiest could be described as “just a 
normal backup”. This approach involves making an exact copy of the data, on bit-
level. Usually the copy is kept in another physical location than the original to 
prevent it from the same kind of damage that might occur to the original (e.g. fire 
or hardware failure). This is not really a “strategy”, but an essential minimum for 
most digital preservation. One variant of this is called LOCKSS (Lots Of Copies 
Keep Stuff Safe) which is a pretty good description of the approach. Refreshing is 
similar to bitstream copying, but in this case it means that you transfer the data to 
an identical, but newer, medium. Sometimes refreshing on to a similar type of 
medium is used as well. This is useful for addressing problems with media decay 
and in some way also hardware obsolescence. Durable media can be used to 
lessen the rate of (media)refreshing needed. Problems will however still occur 
with hardware obsolescence and/or file format obsolescence. (Kenney & 
McGovern 2003) 
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One strategy for long term preservation is to actually make an analogue backup, 
also referred to as a hard copy (i.e. print it out) of the original document (ibid.). 
This may be considerable in a small case where the look of a document is 
interesting and the amount of documents is low (for example, at home). You will 
however lose much of the digital objects properties and amongst them the 
machine-readability (Rothenberg 1998). Since my research mainly focuses on 
agencies with a large number of digital documents, this strategy is not suitable. 

Platform related approaches 
If an information system more or less already has ceased to exist, and someone 
needs to get hold of the information in the system, one may have to take the 
approach of digital archaeology. This means that the system has to be started up 
and the information “dug out” with some kind of detective work to assemble the 
bits of data to a chunk of information, much like digging up small potsherds and 
then glue them together to a whole pot, without knowing beforehand what the pot 
should look like – archaeology. This is a necessary approach in “emergency 
recovery” of data, for example when some kind of hardware failure occurs. (Ross 
& Gow 1999) 

Some consider digital archaeology to be a preservation strategy, with the 
motivation that the processing power of computers in the future will be so great 
that they will be able to handle the archaeological work more or less by them self 
– hence, no need to put too much effort in preservation today. Although this might
be true, we cannot hope that future generations (of humans and/or machines) will 
solve our problems of today, and since documents very well may be rendered 
useless in a rather short period of time, too much effort might be needed to solve 
this archaeological problem. Anyhow this also relies on that the media is durable 
enough, which not necessarily is the case. 

One other way to preserve digital objects could be the strategy of technology 
preservation. Technology preservation can be compared to the function of a 
museum in the sense that the purpose is to preserve artefacts. In this case 
computer systems with their storage facilities and other hardware as well as 
operating systems and other software necessary to run the information system. If 
we however have any intention to provide access to the information in these 
systems over for example the Internet, then many problems may arise in 
connecting the systems to the internet, and with limiting access to different kinds 
of information for different purposes. Problems may also occur in finding spare 
parts for the hardware in the system. Technology preservation is interesting for 
those who care about preserving the actual hardware system, but not for those 
who cares about preserving the information. This strategy also relies on that the 
actual data carrier (media) still is functional. (Kenney & McGovern 2003) 
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In order to not be reliant on functional hardware or archaeological exercises, some 
suggest the approach of emulation. In emulation, a combination of hardware and 
software is used to emulate the behaviour of a different computer. This gives the 
ability to run original software in the emulated environment. Emulation can be 
categorised into three different levels, namely: application, operating system and 
hardware. At the application level, only a specific application is emulated. If 
emulation is on the operating system level, then applications made for the 
operating system can be run without modifications. On the hardware level of 
emulation, even the original operating system can be run on the emulated platform 
(Rothenberg 1998). 

Jeff Rothenberg, although working with hardware and software emulation 
himself, has some other thoughts about preservation as well. Rothenberg means 
that the most promising way to preserve digital material would be to describe 
software in a formal high-level behavioural way: 

“High-level behavioral formalisms of this kind – that describe programs in terms of their 
interaction with humans in performing information processing tasks – may eventually emerge, 
but they are not yet on the horizon.” (Rothenberg, 1999, p. 14). 

It could be that he actually talks about the Universal Virtual Computer (UVC), 
which could be considered as a kind of emulation. This approach does not emulate 
a “real” system or computer, instead a virtual computer is emulated. At the time of 
archiving, a computer program is written according to the specification of the 
Universal Virtual Computer. Later on, when the record needs to be accessed, an 
UVC interpreter is constructed following the specifications of the UVC, and thus 
is able to interpret the record. (Lorie 2001) 

Format related approaches 
One strategy for preservation is to rely on standards, and normalise the material 
into those formats. The biggest problem with this strategy can be found in a quote 
of Andrew S. Tanenbaum "One of the great things about standards is that there are 
so many different ones to choose from!" However, even if there is one recognised 
standard for a specific area, there may be problems when a new standard emerges, 
trying to replace the old one. This was a problem when ASCII replaced EBCDIC 
despite not being able to represent all characters in the latter. Today ASCII itself 
is being replaced by the newer Unicode-standard. The Unicode standard has 
unique identifiers for every single character in all writing systems of the world, 
including technical symbols and punctuation. This means that you will not get 
conflicts between different encodings that was the case earlier, when for example 
one character in one encoding would be perceived as something totally different 
in another encoding. Standards are however important in for example metadata 
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descriptions, and Rothenberg even thinks that a conversion from the original 
digital form into some standard form which then can be migrated, may be a good 
solution until a true long-term solution is developed. (Rothenberg 1998) 

Another format related approach is migration. Migration is when a computer file 
is transferred from the current platform to another (newer) platform. Sometimes 
this migration can be handled in the form of refreshing, where you just copy the 
digital object onto another newer media without changing the file. In the long run 
migration however implies a modification of the format of the file (e.g. from a 
Word 2.0 file to a Word 6.0 file), usually in conjunction with normalisation. 
(NLA 2006) 

Another format related approach is the encapsulation, where a digital object is 
grouped together with metadata relating to that object, so that the metadata (e.g. 
context and references) always is present when needed. This approach needs 
support from other preservation strategies since it only is a way of grouping 
objects together with their metadata. (NLA 2006) 

1.5 Problem and questions 
Trying to circumference the problem, my foremost interest lies in making sure 
that the information can be preserved for future use. This includes the necessity of 
being able to perceive information in a similar way to how the original 
user/creator perceived it. Essential characteristics can be used as a way of 
determining what actually needs to be preserved to make sure that the information 
is intact. Regarding models for long term preservation, the Open Archival 
Information System model described earlier can be used as a framework in 
creation of an archival system, which already is done in many similar projects. In 
short, we need to make sure that we preserve all the necessary data, and metadata, 
to present the information correctly in the future and we need to make sure that 
we preserve it in a correct manner. 

A user needs information on how to interpret a preserved digital object. Ideally 
much of this interpretation, such as interpreting a bit stream to a combination of 
characters, can be handled by the information system that is used for access of the 
material. At a certain stage however, the information system must leave the 
interpretation to a human and at this level, the (human) user must have sufficient 
information about the digital object so that it can be interpreted correctly. This 
may include a presentation of data in the same manner as it was presented in the 
original information system and it will most certainly include presentation of the 
context of the digital object at its creation. Charles Dollar described it like this: 
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“Maintaining processible authentic electronic records means ensuring that records can be read 
and correctly interpreted by a computer, are understandable to humans, and have the logical 
and physical structure, intellectual content, and context that were apparent at the time of 
creation or receipt.” (Dollar, 2000 p. 58) 

In this quote I will focus on the keywords authentic, understandable to humans, 
logical structure, physical structure, and intellectual content. My research does 
not cover that the records should be readable and interpretable by a computer, 
which is a premise for digital preservation. The context of the records is very 
important, but already handled quite well by several projects around the world. In 
all, this leads to a research question that is: 

How can digital records logical and physical structure be preserved 
so that their intellectual content remains understandable to humans? 
 What is needed to also make the records trustworthy? 

Trustworthy has here replaced the notion of authenticity. This is not to say that 
trustworthiness and authenticity is the same thing, but rather to emphasize that 
trust is essential to authenticity, and thereby a subset of authentic. To answer 
those questions I will divide them in to three smaller parts which need to be 
answered first. To begin with the concept of information needs to be defined 
clearly in as well what information consists of, and what kind of information that 
is supposed to be preserved (chapter 2). Then the problem with preservation of 
digital information objects needs to be addressed so that the information can be 
preserved indefinitely (Chapter 3). Finally the issue of achieving trustworthiness 
in digital objects will be looked upon (Chapter 4). The glue that holds everything 
together will be metadata (i.e. data about data). Metadata can be used both for 
describing context and provenance of a record, amongst other “archival” 
properties, but also for describing the presentation of the record, so that it can be 
presented in the way it was intended at time of creation. This helps the future 
users access the same information as the original user, since presentation, such as 
layout and descriptive text, is a part of what constitutes information. 

1.6 Purpose 
My aim with this research is that I should give a contribution on how to preserve 
presentation of a digitally born object, so that it can be correctly understood in the 
future. At the same time some of the trust in the digital object will be looked 
upon, since it somewhat relies on the users perception of the digital object. 
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1.7 Delimitations 
The focus in this research is documents which may or may not constitute part of 
records. I will not deal with other types of recordings such as audio or video. 
Since my purpose is to preserve the presentation of the information (which rather 
is part of the information) I will discuss the strategies of migration and emulation
and how those strategies support preservation of presentation. Normalisation will 
be dealt with as a part of migration. The reason for focusing on these methods is 
that they emphasize the content of the digital object, and at the same time enables 
the object to remain in digital form. Since the presentation of digital objects is 
what interests me, I will not look into actual physical storage of digital material. 
The strategies of hard copying, digital archaeology, technology preservation and 
replication are not in my interest since they belong more on the technological 
hardware side of preservation. Bit-stream copying is, as mentioned, an essential 
minimum for digital preservation, but it will not be handled separately in this 
work. 

1.8 Implications 
Well, the OAIS model is indeed referred to in many projects and it seems to be a 
good ground to stand on in discussion of digital preservation. Use of its terms and 
concepts can prove to be valuable in exchange of information and efforts in the 
community of digital preservation.  

The Records Continuum Model has an interesting perspective on records, which I 
will bring with me in this research. There are however much other of interest in 
the Records Continuum Model that I do not have use for in this research, since 
that mainly deals with the organisation around recordkeeping/archiving while I 
mainly focus on the actual document/record in itself. Speaking of 
document/record, I am not blindly focused on single documents but also inclined 
on assisting in the presentation of records that consists of several documents 
together with their context. This is not the main focus and will be catered for in 
further research, but I have to consider this already at this stage. Regarding the 
preservation strategies I will mostly consider the format related approaches, and in 
particular migration. The reason for this being that platform related approaches, in 
my point of view, focus on preserving the wrong thing (i.e. systems instead of 
information). The media related approaches are a necessity to all digital 
preservation efforts, but they are not interesting to address in this research, more 
than as a base of discussion. The Performance model is interesting since this, in 
my opinion, is what it is all about; preserving the essential performance since this 
probably is the actual information. From the OAIS model, I will also focus on the 
information object and its representation information, since it is an international 
standard that is used in many similar projects and in discussions. 
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Describing the Performance Model in relation to OAIS may be a good idea, if not 
to make it easier to compare to other efforts in the community. This concept of 
essential characteristics is important since those properties decide what the 
archived material 'looks' like. There could be a wide variety of properties that are 
important to convey to retain the information of the information object, and this is 
to be considered at the time of delivery to the archive. One really interesting part 
of this concept is the fact that they don't really care that much for the original 
object, since they really only are interested in the performance. Some other 
projects on the other hand keeps the original to be able to migrate from this in the 
future, which might be a good idea if it is possible to fulfil. 



13

2 The Concept of Information 
Since information is what should be preserved we first need to reason about what 
information is. This chapter will deal with the concept of information in general, 
but in particular in relation to long-term digital preservation. 

2.1 Information in general 
The notion of information has several different meanings, so in this part I will try 
to clarify the concept of information that is used in this study. As once stated in 
the International Federation of Information Processing’s (IFIP) work IFIP Gudie 
to Concepts and Terms in Data Processing information is the meaning that a 
human extracts from data by means of known conventions of the representation 
used (Gould 1971). Checkland and Holwell (1998) considers information to be 
data that is put in context, in other words data is attributed with meaning. 
Similarities to those definitions of information can also be seen in Langefors 
infological equation, which follows the formula (Langefors 1995): 

Here I is the information achieved by a process of interpretation, i, which in IFIPs 
case would be the extraction. This process of interpretation acts on data, D, with 
previous knowledge, S, during the time, t, available. Generally, S consists of the 
individual’s entire life experience and knowledge acquired through this, in IFIP’s 
case the known conventions of the representation used.

Since S is very individual, the result of the equation will vary greatly depending 
on individual knowledge. At the same time Langefors states that only part of S are 
used in the interpretation process. This makes it possible for us to exchange 
information since for example a baker has partly the same previous knowledge 
(knowledge base) of bread as another baker has. Langefors also states that “The 
inference process acts upon the information (knowledge) communicated, not upon 
the data.” (Langefors 1995, p. 149), which is good to keep in mind, especially 
considering the preservation of digital information objects.-Regarding records for 
example, the ISO-standard on record management (ISO 15489-1:2001(E)) states 
that for a record to be usable, it should be possible to locate, retrieve, present and 
interpret the record (ISO 2001). 

2.2 OAIS view on information 
A person, or system, has a Knowledge Base, which allows them to understand the 
information they receive. For example, a person may have a Knowledge Base that 

I = i(D, S, t) 
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includes understanding of the English language, which gives the person the ability 
to read, and understand, an English text. Information is always represented by 
some type of data, may it be characters in a book or the sequence of bits in a 
digital file, which together with knowledge of the language or format used (the 
Knowledge Base), are converted into somewhat more meaningful information. If 
the recipient does not have the Knowledge Base required for direct understanding, 
the book or data file needs to be accompanied by information that helps the 
recipient interpret the data (i.e. Representation Information) using the recipient's 
current Knowledge Base. In general, as shown in Figure 2, “data interpreted using 
its Representation Information yields Information”. (CCSDS 2002) 

Figure 2: Obtaining information from data (CCSDS 2002, p. 2-4) 

The OAIS document (CCSDS 2002) states that there might be a collision between 
their view of transparency of objects down to the bit level, and some object-
oriented concepts (by which I assume they mean Information Hiding). I don't 
necessarily agree and for example Bertrand Meyer (Meyer 1997) describes 
information hiding as hiding implementation issues (therefore sometimes called 
implementation hiding) of a class (object) to clients of the class, so that those 
clients only can access the data of a class in a correct manner. This does not mean 
that the implementation is forever hidden for human eyes, but instead that a user 
only should be concerned about accessing the data, not how the data is 
“produced” (ibid.). In some part I can understand the concern, if documentation of 
the system to be preserved is neglected and the source code unavailable then there 
might be a real problem with preserving data correctly. This problem is however a 
problem in all systems, not only systems created after object orientation 
principles. And since object orientation seems rather appropriate with regards to 
the structure of objects in the OAIS model, it would be a shame to be afraid to use 
it just because of the warning from OAIS. My concerns about this formulation has 
been submitted to the OAIS working group, which currently are working on a 
revision of the model, in hope of either a more detailed critique of the problems 
with object orientation or a deletion of the ‘warning’ altogether. 

2.2.1 OAIS Information Object 
According to OAIS an Information Object consists of a Data Obejct and its 
associated Representation Information (Figure 3). The Data Object could be either 

Interpreted 
using its Yields Data Object Representation 

Information
Information 

Object
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a Physical Object or a Digital Object. A digital object is in turn built upon Bits. In 
digital preservation this means that the bits that make the data object and the 
representation information needed to understand these bits are required for full 
understanding. The fact that representation information typically is a data object 
in itself, with its own representation information, further complicates this matter 
since it creates a network of related representation information. (CCSDS 2002) 

Figure 3: Information Object (CCSDS 2002) 

2.2.2 OAIS Information Package 
According to the OAIS model, an Information Object always have associated 
Representation Information and since the submission and dissemination to and 
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from the OAIS occurs as discrete transmissions, the concept of an Information 
Package is a convenient way to make the descriptions a bit easier. (CCSDS 2002) 

There are two types of information in the conceptual container that makes an 
Information Package. First there is Content Information which is the actual target 
of preservation. It consists of the Content Data Object (physical object, or digital 
object) and it’s associated Representation Information, in other words the 
Information Object (see Figure 3). When the Content Information is clearly 
defined Preservation Description Information (PDI) can be made. Preservation 
Description Information consists of four different types (see Figure 4) called 
Provenance, Context, Reference, and Fixity. These four parts will be described 
further on. (CCSDS 2002) 

Figure 4: Preservation Description Information (CCSDS 2002) 

The Content Information and the PDI are encapsulated and identifiable by the 
Packaging Information which in turn has some Descriptive Information about the 
content in the package. This relation is shown schematically in Figure 5. (CCSDS 
2002) 

Figure 5: Information Package relationships (CCSDS 2002, p. 2-5, modified) 
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The Descriptive Information holds information that helps in locating the package 
and describes it in a way that is usable for humans searching for information, for 
example by keywords and other “human friendly” metadata.  

2.2.3 Variants of Information Packages 
Since there might be differences between what is submitted to the OAIS from a 
producer, what the OAIS needs to preserve the information and what is delivered 
to the consumer; the model defines three different types of Information Package. 
The three types are: 

• Submission Information Package (SIP) 
This package is the package delivered from the producer to the OAIS 

• Archive Information Package (AIP) 
The AIP is the package that contains all information delivered in a SIP and 
some extra information for archival purposes in an OAIS 

• Dissemination Information Package (DIP)  
This type of package is delivered to the consumer and it might not contain 
all data/information that is contained in an AIP 
(CCSDS 2002) 

I am mostly interested in the DIP since this is what the citizen will come in 
contact with when it requests information from an archive. This however means 
that I indirectly also is interested in the SIP, since the archive cannot disseminate 
something that they never have received. 

2.2.4 Representation Information 
As mentioned, the Information Object consists of two parts, the Data Object and 
Representation Information. The Representation Information that accompanies a 
digital Data Object is used to provide additional meaning. Since the digital object 
is just a sequence of bits, the representation information is usually used to map 
these bits into recognisable data types such as character, integer, or arrays. These 
data types and aggregations of these types are referred to as Structure 
Information, which is a sub part of Representation Information (see Figure 6). 
(CCSDS 2002) 

Structure Information is usually not enough information to describe a Data Object, 
thus Semantic Information is added (see Figure 6) to describe for example what 
language a sequence of characters should be interpreted as. Semantic Information 
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is also used to describe operations that may be performed on each data type and 
relations between different elements in the Structural Information. (CCSDS 2002) 

Figure 6: Representation Information Object (CCSDS 2002) 

Representation Information can also have references to Other Representation 
Information. Considered that Representation Information also is an Information 
Object, with its own representation information, this leads to a network of 
representation information. 

2.2.5 Representation Networks 
Representation Information is in itself an Information Object and as such it may 
be expressed in either physical forms or in digital forms. Representation 
Information that is in digital form need additional Representation Information to 
provide understanding about the bits that makes the Representation Information. 
This recursion, which in Figure 6 is represented by the Interpreted using, 
continues until physical forms are encountered.  

If the Representation Information can not be preserved, neither can the meaning 
of the Information Object. Therefore the Representation Information should be 
expressed in forms that are easily understandable and use widely supported 
standards, such as text files using ASCII character set. Usually formal description 
languages are needed to avoid ambiguities in the description.  

There are two special types of Representation Information in the OAIS model. 
One is Representation Rendering Software which is used to display 
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Representation Information in understandable forms. There may for example be 
some Representation Information that is stored as a PDF object. If the OAIS refers 
to a PDF viewer for access of this Representation information, the PDF viewer is 
referred to as Representation Rendering Software. The other special type of 
Representation Information is Access Software which presents some or all of the 
information content in an Information Object to a user or a system. This software 
may also incorporate other functionality, such as manipulation and displaying of 
an Information Object. 

2.3 Implications 
Such a simple term as information is not really that simple, which this chapter 
probably have showed. The need for pre-knowledge in order to interpret 
information is something that both Langefors and the OAIS model agree upon. 
The possibility to aid the future user in assessing what pre-knowledge that is 
needed to interpret the information object, is thought of in the OAIS model. The 
OAIS model with its concept of information, and its Information Object and 
Information Package also gives me the ability to both think broadly over many 
aspects. At the same time it also makes it easier to focus on a particular part of the 
information object, which primarily will be Representation Information in this 
case since that part is meant to aid in the interpretation of the digital object, in 
other words making the object understandable. That visual characteristics can be 
an important part of making an object understandable is not really clearly 
addressed in the OAIS model, although hinted in the notion of Representation 
Rendering Software and/or Access Software. 
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3 Preservation of digital information objects 
This chapter deals with different approaches to preservation of digital 
information object, and problems related to this. 

3.1 The Performance Model 
The National Archives of Australia (NAA) have developed the concept of “the 
essence of a document” which tries to handle different kinds of documents and 
their characteristics (Heslop, Davis & Wilson 2002). The concept can also be 
found in other research initiatives as Significant Properties where some have 
published their thoughts on the web (Cedars 2001). 

The NAA have used what they call a Performance Model (Figure 7) which in its 
simplicity is used to break down a digital record into components that explain its 
fundamental nature. The model consist of four parts, first there is the Source
which is the message itself. Then there is Process which is the technology used to 
render the message as the creator intended. The source together with a process 
yields a Performance. This performance is that which provides meaning to a 
Researcher. (Heslop et al. 2002) 

Figure 7: The Performance Model (Heslop et al. 2002, p. 9) 

To be more precise the source is a data file and the process is a combination of 
hardware and software needed to interpret the format of the source. Combined 
these two parts renders output to a screen (or some other output device) which is 
the actual performance (Figure 8). (Heslop et al. 2002)
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Figure 8: Performance model for digital records (Heslop et al. 2002, p. 9) 

This model can also be applied to other types of records and the example of an 
audiovisual record (a film) and how its significant properties is preserved through 
migration is rather illustrative in showing that the nitrate film isn't the prime 
interest in archiving, instead it is the performance that is of interest. With this as 
an example the authors state that the both the source and the process can be 
replaced as long as the essential parts of the performance can be replicated. 
(Heslop et al. 2002) 

With regards to a records 'essence' 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 job for the archivist. 
(Heslop et al. 2002) 

3.2 Underlying Abstract Form  
The people in the Cedars project have, besides working on significant properties, 
also developed the concept of Underlying Abstract Form (UAF). This UAF 
contains all significant properties of the data and is independent of data medium. 
This UAF can then be realised on appropriate technology at the time of access so 
that the desired form is achieved. (Holdsworth & Sergeant 2000) 

Holdsworth's and Sergeant's view is that the original object has a particular UAF 
which is then used to create a bit-stream for "indefinite preservation". To access 
this data an Application Programming Interface (API) is used so that there is a 
uniform way in accessing the UAF. Most likely several layers of abstraction will 
be passed before the original data is reached. In this access procedure the 
Representation Information (from OAIS) will serve as a road map for the access 
(Figure 9). (Holdsworth & Sergeant 2000) 
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Figure 9: An access path to a data object (Holdsworth & Sergeant 2000) 

3.3 Preservation Strategies 
There are, at the moment, two major methods of preserving digital material. This 
does not mean that all other approaches are unsuitable, on the contrary it might be 
really useful to, for example, make hard copies of something for preservation 
purposes. The two major approaches however is emulation and migration. There 
are good and bad sides to both of them which will be presented here. 

3.3.1 Emulation 
Emulation is trying to preserve the digital information by keeping it in its original 
form and then create software and hardware that emulates the original platform on 
which the data was once created. There are actually three levels of emulation: 

• Application 
• Operating System 
• Hardware 

Application emulation is where you have software that emulates a single 
application, for example a spreadsheet application. Operating system emulation is 
where you emulate the operating system, which means that you can run the 
original applications on this emulated OS. Hardware emulation means that you 
use software to emulate the inner workings of a specific hardware platform, which 
means that you can run the original operating system on this kind of emulation. 

Proponents of emulation stress that the 'look-and-feel' of digital objects may be of 
great importance in interpretation and that this most likely will be lost in 
migration (Granger 2000). Jeff Rothenberg, which probably is the foremost 
proponent of emulation, has developed an emulation strategy which involves 
developing three parts: 
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• Generalisable techniques for specifying emulators that will run on 
unknown future computers 

• Techniques for saving metadata (for access and recreation) in a human-
readable form so that emulation can be used for preservation 

• Techniques for encapsulating documents, their metadata, software and 
emulator specification 

The amount of both complexity and data needed for encapsulation may shine 
through in Rothenberg's view of encapsulation for preservation and emulation as 
seen in Figure 10. (Rothenberg 1998) 

Figure 10: Encapsulation for emulation (Rothenberg 1998) 

As the picture shows, the original document is preserved as well as the original 
software that is used for accessing the document. To be able to use this software 
the operating system needs to be preserved as well. Then a specification of an 
emulator must be preserved. This specification can then be used to build an 
emulator on any computer platform conceivable. All this data would be useless in 
the future if documentation and explanations weren’t to be preserved, so this must 
be preserved as well. Finally metadata for labelling and history of the document 
and similar metadata is needed as well (as in all preservation). (ibid.) 

Some critiques of emulation as preservation strategy point out that it would be 
preserving the wrong thing, preserving information systems functionality instead 
of records (Bearman 1999), while some others are more modest in both appraisal 
and critique (Holdsworth & Wheatley 2001).  
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3.3.2 Migration 
Migration is the action of transferring a computer file from the present platform to 
a new platform. Rothenberg has lots of critique on migration and claims that "In 
the long run, migration promises to be expensive, unscalable, error-prone, at most 
partially successful and ultimately infeasible." (Rothenberg 1998). This is serious 
critique and as Granger points out, if Rothenberg's scepticism towards other 
approaches than emulation is justified, and his optimism on emulation is not 
justified, then the archival community is in real trouble (Granger 2000). Granger 
also states that migration so far has been the only serious contender in 
preservation of large scale archives. Holdsworh and Wheatley, although active in 
the emulation field, acknowledges the need of migration and says that their 
emulator could be realised thanks to migration, and that migration is as most 
effective when the original was produced with portability in mind (Holdsworth & 
Wheatley 2001). Migrating into some standard format (normalisation) is 
something that even Rothenberg thinks can be a good solution until a true long-
term solution is developed (Rothenberg 1998). 

3.4 Implications 
The Performance model with its view on the “performance” of a record, is useful 
in the digital world, since the concept of original can be troublesome in digital 
preservation. The Underlying Abstract Form is interesting in their view of access 
via an Application Programming Interface, and their discussion about essential 
characteristics. Regarding the OAIS model, I do not see any reason for great 
concern about the problems with bit-level transparency and object-oriented 
principles, at least not great enough to hinder use of either. 

Regarding preservation strategies it is apparent that there is no holy grail that 
solves all the problems. At the moment I am inclined to believe that emulation 
will play an important role in some cases of digital preservation, whereas 
migration will continue to be the main approach for many projects. I, as well as 
some other (Holdsworth & Wheatley 2001) believe that there is room enough for 
both approaches, as well as a need for them. 

All in all, whether you adopt migration or emulation, you still need to make sure 
that the digital object is trustworthy, which is not guaranteed by any of these 
approaches by themselves. The performance model however, suggests that the 
focus should lie on the actual experience of a digital object, instead of the bit 
stream which does not “mean” anything to a human being. To me that combined 
means that you should focus on preserving the performance of something, no 
matter what strategy you adopt. 
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4 Achieving trustworthiness in digital objects 
In this chapter the concept of “authenticity” will be discussed, both generally and 
more specifically tied to the archival context. In particular, this chapter will deal 
with what is needed to ensure trust, if at all possible. 

4.1 Authenticity and trust 
A particular digital file is by itself not particularly trustworthy. With checksums 
and similar methods, you can be quite certain that the file has not been 
unintentionally altered or otherwise tampered with, but you still do not know if 
the origin of the file is correct, or if it has been deliberately altered in some way. 
Duranti (2001) states that in order to demonstrate the authenticity of electronic 
records, there is a need of verifying that: 

• the right data was put into storage properly 
• nothing happened in storage that changed these data, or that these changes 

are insignificant over time 
• all the right data and only the right data were retrieved from storage 
• the retrieved data were subjected to an appropriate process 
• the processing were executed correctly to output an authentic reproduction 

of the record. (Duranti 2001) 

The points above are necessary to satisfy in order to be able to reproduce an 
authentic copy of a digital object. It is however not sufficient to prove the 
authenticity of an electronic record. For that, there are other requirements that 
(also) have to be met. (Duranti 2001) 

Authenticity can be defined as the persistence over time of the original 
characteristics of the record with respect to context, structure and content. 
Structure is how the record is recorded, which includes symbols and layout among 
other things. (ICA 2005).  

In order to be able to verify all this, OAIS provides the Preservation Description 
Information (Figure 11) where descriptions of such attributes can be made. 
Records exists in a context, where they have relations to other records. 
Provenance principles are used to describe the origin and changes made to the 
record. Fixity information can be used to describe how to check the integrity of 
the digital object. (CCSDS 2002) 
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Figure 11: OAIS Preservation Description Information (CCSDS 2002) 

Combined these information types gives the users some assurance about the likely 
reliability of the digital object (CCSDS 2002), and at the same time a way of 
evaluating the authenticity of the object. It might be worth noting that authenticity 
does not have anything to do with the actual truth of the content. In other worlds, 
a record can be authentic even though it is full of lies. At the same time, this also 
means that a records authenticity can be assessed without knowledge of its 
contents. (ICA 2005) 

Work done in The Netherlands (Digital Preservation Testbed 2003) identifies two 
central concepts of authenticity, integrity and verification. They also state that 
whether the information displayed is authentic, primarily boils down to a matter 
of trust, and that an investigation may be made with the help of, amongst others, 
provenance metadata to ensure that the information is authentic.  

David Levy (2000) has many interesting reflections around authenticity and 
copies in a digital environment, and one point is that the reliability of newer 
media, such as video, is achieved by repeatability, not by fixity. The reliability he 
speaks of here is the possibility of a document to reliably carry the information 
through space and time. (Levy 2000) 

4.1.1 Copies or originals 
Levy (2000) has interesting views on copies perhaps partly due to his earlier 
employment at Xerox. The discussion about copying without an original leads to a 
point where Levy says that for example coins are produced with the aid of a 
mould. This mould could not be used as a coin, but instead to produce a lot of 
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coins that all are copies without an original. The mould is however not enough to 
produce coins, you also need skills and some kind of technical equipment, as well 
as more or less precious metals. In other words, the mould is useless without these 
skills and metals (Levy 2000). Duranti also agrees in this view in stating that it is 
not possible to preserve electronic record, or even copies of electronic records, the 
only thing that can be preserved is the ability to reproduce an electronic record 
(Duranti 2000).  

Levy (2000) then compares this with digital objects, in the sense that the 
renditions on the screen (comparable to the coins) are interchangeable between 
each other. In order to produce those renditions you do however need the source 
(the mould) and a skilfully and carefully executed process. He then also states that 
this process may vary greatly when regarding digital objects. This in all leads to 
that you have to have trust in those who claim the digital object to be authentic, 
and he here shares the view with Lynch (2000) that authenticity ultimately 
depends on trust. 

4.2 Implications 
Authenticity, whether regarding an original or a copy, is closely related to trust. 
Copies may be what is actually useful (such as the coins mentioned above), but 
you need to have the source and know the process of how to create those copies, 
in other words, reproduce them as Duranti would pose it. Provenance, context and 
fixity are important in order to be able to verify the authenticity of a digital object, 
but it is also important to describe the process of reproduction. It is the actual 
reproduction that is of my biggest interest. 
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5 Method 
This study is an exploratory one. This is necessary since the field of digital 
archiving is a rather new field, and needs more studying to get hold of more 
specific problems. 

5.1 Three step rocket 
The goal with my research as a whole, which includes further work than this 
thesis, is to prototype and test how to present digital information objects in such a 
way that their logical and physical structure remains intact, while at the same time 
their data elements are easily accessible for “computerised processing” (e.g. 
statistical research). The work with this thesis has been a first step in identifying a 
possible way to approach this problem. This first step, was divided into three steps 
that resulted in three papers. 

As a first step I had plans for writing a paper on information and how important 
context is for the understanding of information, and thereby also for the 
preservation of information. This was later on combined together with work from 
my colleagues into a joint paper, The Information Life Cycle – Issues in Long-
term Digital Preservation (Runardotter, Quisbert, Nilsson, Hägerfors, 
Mirijamdotter 2005), regarding the information life cycle. This was a purely 
theoretical study where we approached different definitions of information and 
how information is interpreted, together with implications for the archival 
community and information systems. In this paper Langefors infological equation
(Langefors 1995) was one of the views on information that were brought up, and 
that continued to play a silent role in the rest of the research.  

As a second step a model for “metadata driven preservation and presentation” was 
presented in Preserving logical and physical structure of information by 
“metadata-driven imitation” (Nilsson 2006). This model was based on some 
inspirational models and the strategy of migration with hints of emulation. The 
Open Archival Information System model (CCSDS 2002) was mapped with the 
Performance Model. The concept of Model-View-Controller and Three-tier 
architecture were used to facilitate division of information content and visual 
attributes. The outcome of this theoretical exercise was a concept of metadata-
driven imitation which, in short, suggested that metadata could be used to describe 
visual attributes of records so that they in the future would be possible to recreate. 

The third paper, and third step, Metadata Driven Presentation of 
Documents/records (Nilsson & Hägerfors 2006), dealt with results from tests of 
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the model (from paper 2) and discussions about good and not so good aspects of 
the model. The outcome was that the idea of metadata-driven presentation is 
promising, since the respondents in general did regard physical structure 
important. The need for tools to aid the archivists in describing the structure was 
also an important question for them. 

5.2 Methodological pluralism 
It might have to do with my age. I have grown old enough to critically assess the 
‘truths’ that I relied upon in my youth. At the same time I have not studied, nor 
lived, long enough to find the ‘true’ method – if there ever is one. In his book on 
systemic intervention, Gerald Midgley (2000) proposes methodological plurality 
in order to combine methodologies and methods into a greater whole. I could here 
find similarities with Paul Feyerabends view in Against Methods (2000) as well as 
Hans-Georg Gadamers view (2002) on methodological anarchy, in the sense that 
there is no such thing as one true method and that you instead should focus on 
describing how you have gone about in your research, which should be 
methodical. 

The biggest problem was that I did not start out in a very methodical way, which 
partly was a result of the initial confusion about what I really should do. This 
confusion after hand settled, if not for pragmatic reasons, and led me into the 
exploratory approach. This exploration of the field long-term digital preservation 
became a journey through a lot of literature, some that I perhaps should not have 
read, and most certainly some that I should have read but did not. The path I 
walked upon became clearer and clearer as the days passed by, so the readings 
became more goal-oriented the closer to the end I came (which also partly had to 
do with pragmatics). 

The concept of intervention, instead of observation, which Midgley (2000) writes 
about was more appealing to me since it implies that an observation cannot be 
made in a neutral way. But I did not do any observations, did I? No, I did not, but 
I actually thought that I would influence the respondents by the interviews that 
were held, in that sense that they might have taken the ideas and questions “with 
them” into their daily work, that somehow later on might have influenced their 
work (though not necessarily in a way that I would have preferred). I actually saw 
the interviews as a way of purposeful action by a human agent to create change 
which is a common way to describe intervention. In other words, I did not think 
that the respondents would walk away uninfluenced after the interviews, and they 
may of course have been influenced during the interview, which might have 
influenced the discussion that took place, which also was the intention.  
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5.2.1 Field notes 
During my work as a researcher in the LDB project, I have worked at the same 
physical location as most of the individuals involved in the project. The ones I had 
most contact with were the system developers, which usually handled more 
practical problems with digital preservation than I did. We have had many both 
formal and informal discussions about long-term digital preservation, which have 
led to both acceptance as well as rejections of some of my thoughts, and also to a 
lot of other ideas and perspectives related to my research (question). Occasionally 
other people were involved in the discussions as well, for example my the other 
researchers in the project, or guests that were there to discuss long-term digital 
preservation. Notes have been made of important points in these discussions that 
have influenced me in one way or another. These notes have however, regrettably, 
not been made in a structured manner, in the later part of my research I made 
notes of who, where and when, but this was not always the case in the beginning 
of my research which means that some notes may be missing one or two of the 
attributes. 

5.2.2 Interviews 
In order to test the approach suggested (Nilsson 2006), interviews were held with 
archivists. Unstructured interviews were preferred in order to get the respondents 
to speak freely about their experiences around a rather vague/wide problem area, 
namely the preservation of digital records. However, some topics needed to be 
covered (how web forms are cared for, the separation of data and ‘view’, what is 
considered as ‘original’, structural metadata – whose responsibility) so I had those 
written down in order to make sure that these topics were discussed. After the 
interview, the respondent was presented with a simulation of how digital material 
could be presented to a future visitor, and what was needed in order to make this 
approach work as suggested (Nilsson 2006). The respondents were then asked to 
give their opinion on strengths and weaknesses with the approach, in an 
unstructured matter. After this the respondent was presented with the same 
material in the way that it is available today. The respondents then gave feedback 
on this way of presentation, as well as comparisons between the approaches.  

Since the interest lied more on discussion or conversations reasoning about the 
suggested approach, few interviews were preferred over many structured 
interviews. In order to determine the number of interviews needed we used the 
principle of theoretical saturation (Glaser & Strauss, in Wibeck 2000) which 
means that interviews were held until the answers started to repeat themselves, in 
other words, when no new data, or little and irrelevant data, appeared from the 
interviews, and the field of inquiry got “saturated”. 
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The reason for using archivists were that they could give valuable feedback on 
things missing in the suggested approach, as well as opinions on what seemed 
superfluous, from their point of view. The archivists discussed whether the 
approach provided a more “trustworthy” (credible, believable) version of a digital 
record than the way digital records are presented today. In other words, the 
archivists acted as a kind of experts on preservation of information. The archivists 
were not posed with questions about the actual “information content” since they 
could be too knowledgeable about the material that they would “fill in the gaps” 
more or less unconsciously. Another aspect of this is that archivists not 
necessarily need any knowledge about the content of a record, they ‘only’ need to 
know how to prove, and preserve, the authenticity of the record.  

The data from the interviews were analysed mainly from the point of “face value”, 
and although similarities between the respondents’ answers were looked for, 
every answer was important and gave useful information for our research. In other 
words, I did not only look for which answers that were the most common, but also 
for answers with a high degree of explanatory power even if only one of the 
respondents mentioned them. The data from the interviews was also compared 
with theories, where applicable (mainly about archival principles), but no deeper 
analysis of why a respondent answered in a particular way was done. 

5.2.3 A few words on validity 
In a qualitative study, such as this, validity is a bit problematic as such partly 
since it is related to an objective view on reality. I am more inclined towards 
Midgleys (2000) view, referring to amongst other Einstein, that truly independent 
observations are impossible, and Midgley amongst others instead use legitimacy
instead of validity. Legitimacy means that a method is viewed as appropriate 
under the circumstances (by the researchers, stakeholders and/or other interested 
parties) (Midgley 2000). In the interviews, I supported the validity by “respondent 
validation” and in some sense “feedback from others” (Leedy & Ormrod 2005), 
and the field notes were validated by those methods as well. In this way I got my 
data material validated by the archivists/system developers, and from fellow 
researchers regarding interpretations drawn from the data. Theoretical material 
such as literature and papers have also been discussed mainly between the 
researchers in the project, as well as with experts in their respective areas 
connected to the project, to validate that the material was correctly understood. 

5.3 Reflections upon my method 
In contrast to the concept of methodological pluralism and methodological 
anarchy mentioned, I wish that someone just would have said “follow this method 
to the letter, and everything will be fine”, and that I had listened. The reading of 
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for example Feyerabend may have been intriguing and sometimes even amusing, 
but it did not really bring my research forward in any practical way (mind you that 
no one actually told me to read his work). I certainly could have done more 
interviews, which probably always is true. The “field notes” were useful for 
broadening the perspective since I there was a more active part in trying to change 
things (intervention), and the acceptance or rejection of certain ideas or 
discussions became some kind of validation at the same time. 

In general, I would say that everything could have been better. Though I am 
satisfied with the interviews that took place, there could have been more of them. 
The field note approach is useful, but should be handled in a more structured way 
than I initially did. The concept of a research diary could be useful in this part 
(Hughes 2000). 
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6 Empirical studies 
“Data” presented in this chapter are mainly the result of the study conducted in 
Paper 3. There are however, some field notes that I have made through the course 
of my work in the LDP project that also has some bearing on the problem area, 
and therefore will be presented here.. 

6.1 Interviews with archivists 

A majority of the respondents agreed on that the logical and physical structure, in 
everyday conversation referred to as “original look”, of a digital object could be 
important to preserve in many cases, since this was what the citizen saw when she 
posted the form. The respondents did at first not have any problems deciding what 
is considered as an original, since this is clearly stated in the legislation (that 
which arrives at a agency is considered as the original). After exemplifying the 
difference between a paper form and a web based form, and what is saved from 
the web based form, the respondents were more concerned over the fact that much 
of what the citizen saw, was not kept at all. All of the respondents agree on that 
the logical structure of a record is important to preserve. They also feel that it is 
both reasonable and suitable that an archivist is responsible for determining how 
much (if any) of the physical structure that is needed for preservation of an 
“imitative copy”. There are however some differences in how important the 
respondents see that this physical structure is. 

Some respondents feel that it is important to preserve the physical structure in 
order to facilitate “as good understanding as possible” of the record to future 
users, while a few express that the only thing that really matters is that the content 
of the record is correct. This relates somewhat to whether the respondents care 
more for the primary function of the record than their secondary function. Even 
the more reluctant archivists agreed though, that if you send in a paper based 
form, the logical and physical structure is preserved and can be important to the 
citizen, if not as evidence at least as a help in remembrance. The respondents were 
in general sceptic about that this approach not really helps with preserving the 
evidential values of records, and that it in some sense may give false impressions. 
For those reasons, some saw the preservation of physical structure as “somewhat 
unnecessary”. All respondents agree on that the context and provenance of a 
record is most important in strengthening the authenticity. A couple of 
respondents also pointed out that a record/document has several “looks” through 
their process, since a digital record is handled in different information systems, 
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and that some or all of those looks may be necessary to preserve as well (in 
addition to the ‘original’ look). 

Many of the respondents could see the advantage with having the content 
separated, since this facilitates searching over the entire content of the record. 
They also suggested that the metadata driven approach should be constructed in a 
way so that it easy to extract data from particular “tags”. In other words, the fields 
should have well defined and understandable names, if possible. The respondents 
could both see the benefit from having this kind of metadata descriptions at 
element level, and at the same time point out the workload they have today, and 
the need for automation and help from IT personnel to be able to handle the 
increased amount of metadata. All respondents self critically acknowledged that 
they had problems with digitally created material today, but in all cases, it was 
because of lack of resources and not because of lack of awareness. 

6.2 “Field notes” 
During the course of working in the Long-term Digital Preservation Project, 
discussions have taken place more or less on a regular basis with mainly system 
developers that are involved in long-term digital preservation. Not all of the 
discussions have been relevant for my work, but many of them have influenced 
both my general direction as well as the outcome of the project. The following 
paragraphs do however only summarise notes that had direct relation to my 
research question. 

The concept of being able to present the digital object in a (similar) way to how it 
looked at the time of creation is considered as rather important. The consensus is 
however pointing at that this only would suffice as a “presentation copy” i.e. that 
the original object still would be kept as a “master”. The presentation copy would 
be generated with methods and tools that are appropriate for the future users, 
while the master would remain unmodified. You can however not present 
something that you never have preserved/received, so if “looks” are important, 
they should be taken care of already at the time of creation of the record. 

Authenticity can not be determined from the digital object itself, no matter how 
good it “looks”. Authenticity is a matter of trust in the archival institutions and the 
creators of the original, combined with a thorough documentation of provenance. 
There is also little use for the term ‘original’ in the field of digital preservation, 
since copies can be made identical. In other words, it is the documentation about 
the digital object that makes the specific copy original in some way. 
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In general - preserve the information (object), describe the information system. 
Under certain circumstances there might however exist a need of emulating the 
original system in order to render the digital object in a useful form. 

Databases as such are not (necessarily) interesting to preserve, it is the 
information in them that should be preserved into a metadata structure that is 
suitable for the type of information system that should be archived. 

Keeping the digital material ‘machine-readable’ is an important issue to consider 
when you choose how to preserve the material. It enhances for example searching 
possibilities, but at the same time makes it more complex. So, although it 
generally might be a good idea to have the content machine-readable, it should be 
evaluated from case to case, since money more or less always is an issue. 
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7 Analysis 
This chapter deals with a combined analysis of the theoretical framework, the 
interviews and the field notes. This means that the analysis is made on a greater 
whole in contrast to the papers that are separate entities in that sense. 

The respondents are generally positive about keeping the physical structure of 
digital objects intact, since they think that it can help future users in understanding 
the object, which can be related to Langefors inference process. They also pointed 
out that this only is part of what is needed to understand the digital object, you 
also need for example description of its origin and its relation to other objects. 
This is nothing new to the archival community, and is also well depicted in the 
OAIS model (see chapter 2).  

Although the respondents are worried about the amount of metadata needed for 
the “metadata driven presentation”, they see possibilities for tools aiding them in 
their work of describing the objects (records). For this they need the assistance of 
the IT-community, and they also hope that the OAIS model will help in making 
the IT-community more aware of the kinds of, for the archivists, important 
metadata such as context and provenance. One problem that they see is that it 
(generally speaking) is hard to get the IT-people to think in “really” long-term 
perspectives. This could be compared to what is demanded from a technological 
standpoint regarding Durantis list in 4.1. This opinion also shows up in the field 
notes. 

The respondents were thorough in pointing out that the suggested approach of 
metadata driven imitation does not guarantee any authenticity by itself, instead 
that aspect is mostly handled by other preservation metadata, such as context and 
provenance, which is perfectly in line with what is said in theory (see 4.1). 

Some respondents were slightly touching the problem with determining what 
should be considered as the digital original. Parallels can here be made to what is 
said by Levy (see 4.1.1) were he actually talks about copies without originals. 
This might be an issue of where we have to become comfortable with that there is 
not necessarily one original, although the context and provenance of a digital 
object are original, the actual digital object might be perfectly copied (for example 
within the archival organisation) for mass distribution. The field notes also point 
at that the discussion of an original is fading, and that many actually means 
copies, or reproductions, that are “as good as the original” and have a documented 
history (see 4.1). 
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Both the interviews and the field notes point at that it is a good idea to keep the 
material in a machine-readable form since this would increase the usability of the 
material, by making the content searchable (see 2.1), and facilitating that the 
content could be presented in a non-original way that suits, for example, some 
researcher better. 
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8 Conclusions and Discussion 
In this chapter, my findings are presented together with a discussion about them. 
The findings are not, and will never be, any definitive solutions to the problems in 
long-term digital preservation. However, I hope that they will contribute to the 
overall intention to address those problems both “for now” and in the future. 

Let us refresh our memory with a quick glimpse of the research question(s): 

How can digital records logical and physical structure be preserved 
so that their intellectual content remains understandable to humans? 
 What is needed to also make the records trustworthy? 

The archival community (respondents) supported the principle of metadata driven 
imitation as one part of keeping the intellectual content understandable to humans, 
although it does not solve all the problems on its own (which never was the 
intention, “just” to fill in the blanks in regarding visual characteristics). It does 
however give the ability to have the content (data, see table 1) available for 
processing and at the same time provide possibility to present the digital object as 
it looked at the time of creation. Both these aspects are valuable to the archivists; 
or rather, they consider them important for their future customers, since they add 
value to the intellectual content, by capturing the physical structure of the digital 
objects (Figure 12). The possibility to access single data elements provides a good 
foundation for searching in the material, but does not really add anything to the 
intellectual content of a single record. It could however lead to easier access to 
specific content over several records, and thereby increased usability. 

Receipt number (Kvittensnummer) 20050223124241196494153832 
Date (Datum) 20050223 
Social security number 
(Personnummer) 

640415-3832 

Income (Inkomster) (#03) 219000 
General deductions (Allmänna 
avdrag) (#43) 

9700 

Interest income (Ränteinkomster) 
(#50) 

500 

Deduction for interest 
expense(Avdrag) (#53) 

42500 

Property (Fastighet) (#80) 1115000 

Table 1: Typical data as result from a database query 
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Figure 12: The same data as in Table 1, but with its physical structure "intact". 

Metadata driven imitation does however not entirely address the problem of 
trustworthiness. It only supports the recognition of the object, which may enhance 
trust. Presenting a digital object so that it looks like it did at the time of creation is 
a good idea, but it does not guarantee that the object is authentic. To prove the 
authenticity a lot more is needed, which includes both reliable descriptions of the 
provenance and context of the digital object, as well as trust in the authority that 
handles the digital objects (both creators and curators).  

8.1 Discussion 
Through my literature studies, it has become clear that neither of the two 
predominant strategies for digital long-term preservation, migration and 
emulation, is fully capable of solving all the problems on their own. This may not 
be something new, but it may need to be stressed once again that there is no magic 
solution to the problems with digital preservation, it all boils down to more or less 
proactive efforts and more or less hard work. In these proactive efforts it would 
most likely be a good idea for IT-personell and archivists to cooperate as much as 
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possible around new systems, whether they are developed in-house of bought 
from third parties. There is certainly also a wish for tools that can assist in the 
archiving of systems, especially if visual attributes are deemed as important to 
retain. 
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9 Further Research 
This work has given me some answers regarding the suggested approach 
metadata driven imitation but there are still research that needs to be done. 
Personally I will assist in the development of prototypes to use in testing of the 
suggested approach. These prototypes will primarily be tools for description of 
documents/records and for presentation of the preserved records. The prototypes 
will then be used in a test bed environment in order to get response from the 
intended users of public records, namely the public. The intention is also to be 
able to present several digital objects that combined constitute a record. 

There are several other areas that need attention as well. As a system scientist I 
long for a proactive approach in systems development in general. In other words, 
the software industry, as well as the customers (i.e. archiving institutions) should 
be more aware on how to better facilitate the long term preservation of digital 
objects, so that the efforts needed when a system “retires”, or when material from 
a system should be archived, is lessened. 

I can also see a need for more research, and practical suggestions, on how to 
ensure authenticity of digital objects over time, while still keeping them as usable 
as possible (which amongst other includes ‘looks’). 
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10 Summary of papers 

10.1 Paper 1 
Runardotter, Quisbert, Nilsson, Hägerfors, Mirijamdotter (2005)  “The 
Information Life Cycle – Issues in Long-term Digital Preservation”. In 
Proceedings of IRIS28 in Kristiansand, Norway 6-9 August 2005.  

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.  

In addition to what is already said in this paper, I would also like to add a quote 
from Langefors that shines a light on why it is information that should be 
preserved, not just data. “The inference process acts upon the information 
(knowledge) communicated, not upon the data.” (Langefors 1995, p. 149) 

See appendix 1. 

10.2 Paper 2 
Nilsson, Jörgen (2006) “Preserving logical and physical structure of information 
through “metadata driven imitation””. Presented at CPTS working conference in 
Marseen, the Netherlands. (will be in proceedings which not yet is published) 

In this paper a suggestion for preservation of presentation is presented. The model 
is based on different approaches to preserving presentation (physical structure), 
and in some extent interaction. Presentation is however the lowest common 
denominator in terms of preservation. The strategies for preservation is discussed 
considering how well they are able to handle preservation of physical structure 
(e.g. layout, headlines, descriptive text, colour…), and leads to a concept of 
“metadata driven imitation”. 

I focus on how to preserve the presentation of information from an IS, not the 
functionality. This means that visual aspects is at the centre of attention, and that 
functions from the original system, such as search functions, is irrelevant at this 
stage.  

See appendix 2. 
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10.3 Paper 3 
Nilsson, Jörgen & Hägerfors, Ann (2006) “Metadata Driven Presentation of 
Documents/Records” Accepted to CIRN 2006 in Prato, Italy 9-11 October 2006. 

This paper continues the discussion around the concept of “metadata driven 
imitation” and testing it in the archival community. The results, which are based 
on interviews with individuals in the archival community, point at that the 
suggested approach, despite some problems, could be a suitable way to handle the 
access to imitative copies of digital objects, but that this alone is not enough for 
achieving trust in the object. 

See appendix 3. 
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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. 

1 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 
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information systems will need to be aware of, and prepared to handle, this 
problem since preservation measures 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 problem1. 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 (LDB2) 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. 

                                                
1 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). 

2 In Swedish: Långsiktigt digitalt bevarande. 
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2 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 we once again 
convert it, this time to information. This can be done individually or collectively 
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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 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 
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the information life cycle in a long term digital preservation context as shown in 
Figure 1. 

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. 

3 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 

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

3.1 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 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 
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– 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.  

3.2 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 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 
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understand the functions and activities of archives. Archivists are active 
interveners and auditors in the archival document continuum (Cook, 1997). 

3.3 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.  

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.  
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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.  

3.4 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 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, 
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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. 

4 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. 

4.1 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 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 
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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). 

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) 

 Figure 2: The Performance Model for a digital object (Heslop et al. 2002) 
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4.2 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:  

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 other words, what information processing tools that are 
available will be of great importance. Thus, we move to our third approach on the 
subject. 

5 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 

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

5.1 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) 
stream3. 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 4: 

Figure 4: What a bit stream represents. (Rothenberg, 1999) 

                                                
3 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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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.  

5.2 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. 

5.3 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. 
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• 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.  

5.4 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 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. 

5.5 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 
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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 5). We consider that this sequence as a part of an information system. 

 Figure 5: 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 organization 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.  
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 6. 

Process 

Input Output 
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Figure 6: 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 an 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.  

6 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 effected, 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 

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 



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

18

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 its native environment to an 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 an 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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Abstract 
According to research in the area of digital preservation (Dollar 2000), logical and 
physical structure of a document/record are important to preserve in order to make 
the document understandable. In layman terms this means that the order and 
visual attributes of a document should be preserved. At the same time, exact 
copies of digital files can easily be made, but the problem then lies in that the 
original application is needed to render the document readable again. To make 
archived documents/records easily accessible and useable in the future without the 
need of their original application, I suggest that imitative copies with their logical 
and physical structure intact, are made. These can then easily be distributed to a 
wide audience (the public) for example through the web. In order to achieve this I 
suggest a “metadata-driven imitation” where metadata is used to describe the 
logical and physical structure of the document, preferably combined with a 
backdrop that holds static visual characteristics. For this purpose I have used a 
couple of different but complementing perspectives, namely; The Performance 
Model, The Open Archival Information System model, the Model-View-
Controller framework and the Underlying Abstract Form. The outcome of this 
combination is “metadata-driven imitation”, a general suggestion on how logical 
and physical structure can be preserved, thus providing the possibility to access 
the original docment/record as well as the possibility to process the data. 
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1 Introduction 
When a citizen fills out a paper-based form, for example a tax return form, and 
sends it to an governmental department, the form looks exactly the same when it 
arrives at the department as it did when the citizen submitted it. This original form 
is then used through the entire process, although additional forms may be added 
along the way, and eventually this form is archived. If the citizen for some reason 
needs to access the archived form, it will look the same as the form the citizen 
once filled out and sent to the department, but with additional comments, 
signatures and stamps made at the department. The citizen will therefore be likely 
to trust that this is the same form, especially as the citizen probably has signed it 
as well. 

Now imagine the same form deployed as a web form. It may be “signed” by some 
sort of identification that acknowledges that the citizen is who she sets out to be, 
but not visible in the same way as a signature on paper. Besides this, the form that 
the citizen filled out will in most cases not be cared for as a form. It will instead 
end up directly in a database and handled by the department in different 
information systems that present it entirely different from what the citizen 
perceived when she last saw the form. If the citizen now needs access to this form 
– what should be presented? 

1.1 Problem 
In a form, the layout, labels, fonts, colours and other attributes not directly related 
to the actual data, may have a significant role in how information is perceived and 
what inference is made from it, and therefore effect what is actually entered as 
data in a field. If a user, be it a citizen or an employee at the department, does not 
recognize the form that data was entered in, it may impair both understanding, 
trust and in a sense even access to the information. 

To point out some of the  problems in the area of digital long-term preservation I 
have chosen a quote from Charles Dollar regarding what is needed to preserve a 
digital object; 

“Maintaining processible authentic electronic records means ensuring that records can be read 
and correctly interpreted by a computer, are understandable to humans, and have the logical 
and physical structure, intellectual content, and context that were apparent at the time of 
creation or receipt.” (Dollar, 2000 p. 58) 

There are some different key issues that is covered in this quote. First we have the 
issue of processible, which is covered by ensuring that a computer can read and 
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interpret the record correctly. Authentic is however, a more complicated issue and 
includes all the aspects mentioned in the quote, including the “computer read-
ability”. Making a record understandable to humans (of a specified community) is 
tricky enough in “normal” analogue preservation. However, when dealing with 
digital material, the risk of losing both logical and physical structure is apparent, 
at least compared to “normal paper preservation”. Dollar defines logical structure
as the logical order of a record, with identifiable subparts and for example date 
and sender. Physical structure on the other hand, are such things as font, margins, 
logo, and colour, among others typically visual attributes (Dollar 2000). 

In this paper I will try to address some of the issues that Dollar mentions. I will 
however not consider the records context, since that part is well covered by 
archival research whether regarding analogue or digital material. That the records 
can be read and correctly interpreted by a computer is more or less a premise for 
the approach presented in this paper, not something that I will try to address here. 
With all this in mind, a kind of metadata-driven simulation of the relevant user 
interfaces (i.e forms) involved in a process could be a desirable solution since it 
carries both logical and physical structure. After all, one picture is worth ten 
thousand words and by addressing the issue of preserving logical and physical 
structure, I intend to assist in preservation of societal memory. 

2 Preservation and Presentation 
Many initiatives have been made to preserve digital material (records). Some of 
them focus on using emulation to preserve every aspect, including functionality of 
the digital object, and in that way be able to preserve the actual data “as is”. One 
example of this is the CAMiLEON project (Creative Archiving at Michigan and 
Leeds Emulating the Old on the New). Others have focussed on making the re-
cords identifiable (able to locate, and recognize) through the use of metadata at 
different levels, some very general purpose (Dublin Core), and others very spe-
cific with low level attributes such as the work done by OCLC/RLG Working 
Group on Preservation Metadata (Online Computer Library Center/Research 
Library Group). In most cases these approaches are very useful indeed, but may 
be too cumbersome, and demand particular software, to use in presentation of the 
records to researchers or the “common citizen” in an every day way. 

To make (public) records easily accessible and understandable to citizens, the 
records should be possible to view with common tools and have an authentic 
“look” in that way that they resemble what the record looked like at the time of 
creation (see Dollar quote above). The records should however still need to be 
“computable” in order to facilitate, for example, statistical use. In order to create 
“metadata-driven imitation” I will use ideas from some different models namely; 
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the Performance Model, The Open Archival Information Systems model, the 
Model-Viev-Controller framework and the Underlying Abstract Form. The rest of 
this chapter will be used to present these ideas. 

2.1 The Performance Model 
In research related to the National Archive of Australia (NAA) a group of 
researchers (Heslop, Davis & Wilson 2002) identified an interesting aspect of 
(digital) records that can be worth to pay some attention to. They stated that what 
actually should be preserved in as original shape as possible is the actual 
“performance” of a record, since this is what the user sees (interacts with). A 
simple model of this can be seen in Figure 1. 

Figure 1: The Performance Model (Heslop, Davis & Wilson, 2002, p. 9) 

According to Heslop et al. (2002), both the “Data File” and the “Hardware and 
Software” is exchangeable, as long as the “Rendering on Screen” remains the 
same. To illustrate this they use an old film, recorded on silver nitrate, as example. 
In most cases, what is of “essence” to the user (viewer) of the film, is the 
performance that is created when this film is “processed” in a projector. This 
performance could however be preserved on for example a video tape, and in that 
case you have replaced both the data file and the hardware, but preserved the 
performance. (Heslop et al. 2002) 

The performance model is interesting as a “point of view” since it actually 
suggests that the original is not that important. Instead the original “performance” 
is what really matters. This might be somewhat controversial in the archival 
community but gives me some useful food for thought on how to deal with the 
concept of original.

2.2 OAIS and the Performance Model 
The Consultative Committee for Space Data Systems has developed a “Reference 
Model for an Open Archival Information System (OAIS)” (CCSDS 2002), which 
eventually became an ISO standard (ISO 14721:2003). This model will hereafter 
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be called “the OAIS-model” in this paper. The OAIS-model covers many aspects 
of an archival information system but at an abstract level. This model can 
however be useful as a reference (hence the name), to make sure that you have 
covered every aspect that needs to be covered when constructing an archival 
information system. The OAIS-model can also be used as a way to unite around a 
terminology when digital preservation is discussed. Both of those ways of usage 
are used in different preservation projects around the world. 

In the OAIS-model, a person, or system, is considered to have a Knowledge Base, 
which allows them to understand the information they receive. For example, a 
person may have a knowledge base that includes understanding of the English 
language, which gives him the ability to read, and understand, an English text. 
Information is always represented by some type of data, may it be characters in a 
book or the sequence of bits in a digital file, which together with knowledge of the 
language or format used (the knowledge base), are converted into somewhat more 
meaningful information. If the recipient does not have the knowledge base 
required for direct understanding, the book or data file needs to be accompanied 
by information that helps the recipient interpret the data (i.e. Representation 
Information) using the recipient's current Knowledge Base. In general, “data 
interpreted using its Representation Information yields Information”, as shown in 
Figure 2. (CCSDS 2002) 

Figure 2: Obtaining information from data (CCSDS 2002, p. 2-4) 

Let us briefly compare the OAIS-model and the Performance Model. Looking at 
Figure 1 and Figure 2, we can see some similarities between the two. The Data 
Object in OAIS is similar to the Data File in The Performance Model. In order to 
get an Information Object, interpretation with the help of Representation Informa-
tion (see 2.3) is needed. Some of this interpretation is made by a computer, or as 
mentioned in the Performance Model, Hardware and Software. This results in a 
Rendering on Screen, which can be compared to Information Object. Some of the 
representation information is intended to be used by humans, which becomes 
useful when the Researcher tries to understand the Information object. (Figure 3) 
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Figure 3: OAIS in relation to the Performance Model (own) 

Since hardware and software more or less are a set of rules on how to interpret a 
certain bit stream, this is directly comparable to the OAIS concept of representa-
tion information. In other words, representation information can be used to 
replace some software. So what then is representation information? 

2.3 OAIS Representation Information 
In the OAIS-model there are many descriptions of what should be covered at 
different levels. Regarding the actual object that should be preserved, there is a 
specific object called “Representation Information” (Figure 4) which should 
contain information on how to “interpret” the preserved object. This representa-
tion information can be divided in to several levels, where the first one (the 
“lowest” level) is how to interpret the bit pattern of a digital object. At the higher 
levels there will probably be information that makes the digital object 
“understandable” to humans. 

  Figure 4: Representation Information Object (CCSDS 2002, p. 4-22) 
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This representation information object has two main components called structure 
information and semantic information. The structure information contains info-
rmation on how to interpret the bit stream of a data object to more structured 
information, such as characters. The semantic information is then used to convey 
information about, for example, which language a text file is written in. In other 
words, semantic information is used to add more meaning to the data object. In 
general, we can say that structure information is readable by a computer, while 
the semantic information is supposed to be interpreted by a human. (CCSDS 
2002) 

Both semantic information and structural information influences the interpretation 
and together with context they all add to the meaning of the actual data object. As 
Rothenberg writes “The meaning of a file is not inherent in the file itself, any 
more than the meaning of this sentence is inherent in its characters and words.” 
(Rothenberg, 1999, p. 10). Rothenberg also states that we must know what mean-
ing the content has in the language of its intended reader, and then he reminds us 
that the intended reader of a digital file is a computer. If we however consider the 
Performance Model for a while, then we have to remind ourselves that the in-
tended reader of the rendition of a digital file is a human, so we must not forget 
the semantic parts of representation information. 

The OAIS Representation Information is useful as a reminder on that semantic 
information is necessary to make a digital object useful for a human. It also 
supports the thought that a computer needs different metadata than a human does. 

2.4 The Model-View-Controller framework 
One way of ensuring that the physical structure remains intact and that the record 
still is processible, is to make use of the “old” MVC framework (Burbeck 1992). 
The Model-View-Controller framework (MVC) was originally created for the 
Smalltalk language and its programming environment. This has become a quite 
well used framework for separation of data and behaviour (model) from its 
graphical user interface (view). The controller is responsible for handling user 
input and trigger changes in the model and/or the view. The reason for bringing in 
the concept of MVC into the world of digital preservation is that it brings with it 
the ability to handle content (data) separately from the view. A comparison that 
springs to mind is the “three-tier-architecture” that is used in system development 
to separate the database from the business logic, which in turn is separated from 
the user interface. Although similar in some ways, MVC is triangular in the sense 
that the view “tells” the controller to trigger something in the model, and then the 
view observes the model for changes, and then updates accordingly. The three-tier 



Appendix 2 Preserving physical structure of information 

8

architecture, on the other hand, is linear in its layout, since the presentation tier 
(user interface) has no direct connection to the data tier.  

Never the less, the main purpose of both those approaches is to make exchange, or 
modification, of any of the parts easier and since my intention is to keep data and 
view separated from each other until someone actually needs to see the record, I 
will have use of both of those concepts. This also lies in line with the thoughts 
from the Performance Model since it points out that everything but the rendition is 
exchangeable, and in order to keep it that way it is necessary to be able to treat the 
parts separately. However, if we separate pieces we also need to know how to put 
them together in order to get a whole again which leads us into the underlying 
abstract form.

2.5 The Underlying Abstract Form 
In the Cedars project (CURL Exemplars in Digital Archives) work has been done 
on a concept of Underlying Abstract Form (UAF). This UAF contains all signifi-
cant properties of the data and is independent of data medium. The UAF can then 
be realised on appropriate technology at the time of access so that the desired 
form is achieved. (Holdsworth, Sergeant 2000) 

In their work, Holdsworth and Sergeant have discussed the concept of significant 
properties, which is the properties of a digital object that is crucial to preserve in 
order to retain its information value. What those properties are, is decided by the 
person making the decision about preservation, at the time of ingest of the digital 
object into the preservation system. (Holdsworth, Sergeant 2000) 

Holdsworth's and Sergeant's view is that the original object has a particular UAF 
which is then used to create a bit-stream for "indefinite preservation". This bit-
stream is then preserved as the Data Object in the AIP. AIP is an abbreviation of 
Archival Information Package, which is an OAIS term for a package of informa-
tion that is kept in the archive. This package contains all data and metadata about 
the data object. To access this data an Application Programming Interface (API) 
is used so that there is a uniform way in accessing the UAF. Most likely several 
layers of abstraction will be passed before the original data is reached. In this ac-
cess procedure, the Representation Information (from OAIS) will serve as a road 
map for the access, which in Figure 5 is represented by the empty circles. 
(Holdsworth, Sergeant 2000) 
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Figure 5: An access path to a data object (Holdsworth, Sergeant 2000) 

In their report, Holdsworth and Sergeant also state that: 

“Enabling meaningful access to the preserved object includes such processes as recreating the 
experience of viewing (or even interacting with) the original, or analysing it for concordance.” 
(Holdsworth, Sergeant 2000 p. 415) 

As we can se in the above quote, it concernes the ”experience” of something, 
which is quite similar to the view presented in part 2.1. Regarding the concept 
depicted in figure 5, I see uses for this approach in accessing the viewing copy of 
a digital object, in other words to use the concept of UAF to describe the viewing 
copy of a digital object, but at the same time keep the original bit stream 
unchanged, which at the moment is a requisite in Sweden. So by now, it might be 
time to put the pieces of the puzzle together. 

2.6 Putting the pieces together 
Consider the web form mentioned in the introduction (ch. 1). These kind of 
services are usually implemented according to the three-tier architecture, so as 
soon as the citizen has pushed the “submit” button, data ends up in a database and 
thereby more or less loses its physical, and to some extent perhaps also its logical, 
structure. Now a user could query the database in order to get the same content 
(data) as in the originally submitted form, but the presentation will most likely 
differ. Both the Performance Model and the Underlying Abstract Form stress the 
importance of a digital objects performance. In other words, we need some way of 
presenting the data in its original form. The underlying abstract form suggests 
keeping the digital object (i.e the form and its data) together with all its metadata 
in a well known way so that you later on can reproduce it on a current platform. 
Determining an objects significant properties is an important part of the process, 
since this decides what aspects of an object that are deemed necessary to preserve. 
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For example, interaction might be deemed as unnecessary to preserve in the case 
of the web form. 

If the experience of the form is dependent on the visual representation of the data, 
then it should be preserved. The visual representation consists, according to 
Dollar (ch. 1.1), of both logical and physical structure since the logical structure 
defines in what order something is presented, and the physical structure more 
concerns the purely visual attributes. At this stage, the concept of MVC (ch. 2.4) 
might be useful in dividing the representation information (ch. 2.3) into structure 
information (part of model) and semantic information (view). Depending on the 
situation, there might however be hard to draw sharp lines between what is 
considered as semantic information, and what is considered structure information, 
since this might be a subjective decision (CCSDS 2002). The most interesting 
point here might however be that if we just preserve the database that the record is 
stored in, the record may have lost both its logical structure and its physical 
structure that it had at the time of creation. 

Using these pieces has given me the foundation to the idea of metadata driven 
imitation, which will be covered conceptually in the next chapter. 

3 Metadata driven “imitation” 
All this representation information (and other information about the object, such 
as context and so on) is considered as metadata. Gaining access to an “original” of 
a record, may not be necessary at all time, especially if there is a sufficiently good 
copy available (“imitative copy” as Dollar [2000 p. 28] describes it). This original 
may however be stored off-line and only used to create new “view copies” when 
necessary, but it must most likely sooner or later be migrated or converted 
anyhow, due to hardware and/or software obsolescence. 

Since metadata is extensively used to describe certain aspects of the information 
object, could it not also be used to describe an imitative copy of the original?  

If we still keep the web application mentioned under 2.6 in mind. We could take a 
“snapshot” of what an empty form looks like and use as a backdrop for the 
presentation of the record. On this backdrop data can be placed according to were 
it was in the original, by using metadata to describe coordinates, and even 
attributes such as font, size and colour of text. In its simplest form it can be 
described as using an overhead projector with a slide containing the empty form, 
and another slide that is put above the first one to “insert” data at the correct 
positions.  
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One problem occurs almost directly. What if the form takes up more place than 
what is visible on screen? What if the form is dynamic in that sense that some 
options only occur in specific cases? Well, perhaps we need to dig deeper. Can the 
logical and physical structure of a form be described using metadata? Yes it can. 

By describing the “components” of a layout using metadata and probably by using 
a backdrop (or several) as well, a rather current web browser can be able to 
present a rather good imitative copy of a record, even if it covers more space than 
is visible on the screen. 

In this way, we have also separated the view from the model, and the metadata 
takes on the role of controller. So now the data is available separately for 
processing, if requested, in for example a statistical study where data from many 
records are of interest, and not the “look” of them. 

In a “normal” situation, this data would probably be the result of a query against a 
database, and presented in a result table, such as in Table 1. In such a case, the 
physical structure of the record is lost, and sometimes even the logical structure is 
lost since the table might be ordered in another fashion than the visual form. For 
example, in a database the key(s) usually comes first, but in the presentation 
something else might come first (such as name or date). The data in Table 1 is 
taken from Figure 6 and the labels in the table are roughly translated from their 
Swedish counterparts, which are shown in parentheses. I have also added the 
related field number from the figure where possible. 

Receipt number (Kvittensnummer) 20050223124241196494153832 
Date (Datum) 20050223
Social security number 
(Personnummer) 

640415-3832 

Income (Inkomster) (#03) 219000 
General deductions (Allmänna 
avdrag) (#43) 

9700

Interest income (Ränteinkomster) 
(#50) 

500 

Deduction for interest 
expense(Avdrag) (#53) 

42500 

Property (Fastighet) (#80) 1115000 

Table 1: Data as result from database query (own creation) 

In a database, data is usually split up over several tables. The social security 
number, for example, is probably used as a key to fetch the name, and other 
relevant information about a person from another table. 
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In Figure 6 we can see an example of a “empty” record where parts of its physical 
structure is preserved as a “backdrop”. In a more advanced case, where records 
have a dynamic structure (for example in the number of rows) this backdrop could 
be made up of several smaller elements, in order to generate the physical structure 
dynamically upon request. 

Figure 6: The view of the record, without data (Swedish Tax Agency 2006, modified) 

The data of a specific record is labelled with metadata and together with 
specifications of the physical structure of the record, it is arranged in such a way 
that it retains its logical structure as well, in other words, the order of data. 

However, when we have the backdrop and the data from a specific record, a kind 
of controller (see 2.4) can be used to superimpose data upon this backdrop, at the 
correct positions, in order to create a complete view of the record (document) as 
showed in Figure 7. 

All in all this leads to an authentic (imitative) view of the record, as the citizen 
saw it, since the physical and logical structure of the record remains intact. In 
addition, since the data still is available separately from its view, it can be 
processed easily if needed, for example in statistical research.  
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Figure 7: Logical and physical structure combined (controller) (Swedish Tax Agency 2006) 
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4 Conclusions 
Let us look at Dollars quote again. 

“Maintaining processible authentic electronic records means ensuring that records can be read 
and correctly interpreted by a computer, are understandable to humans, and have the logical 
and physical structure, intellectual content, and context that were apparent at the time of 
creation or receipt.” (Dollar, 2000 p. 58, my italics) 

The process of making records readable and interpretable by a computer is a 
necessity for digital preservation, but not enough to solve the problem of digital 
preservation. If records shall be understandable to humans, there is also a need for 
documentation of, amongst other things, the records context. This documentation 
aspect is not covered in this paper. However, with the approach suggested in this 
paper, the separation of view and data, some of the “understandability” has been 
made easier since the records have their logical and physical structure, and their 
intellectual content intact. This is achieved by using the Performance Model and 
the Underlying Abstract Form for inspiration on what to preserve (perform-
ance/experience). MVC is used as a guideline for separating data from the view, 
to facilitate mass processing of data and reducing the amount of screen shots 
needed. With UAF in mind, the OAIS Representation Information Object is used 
to describe relations between the view and the data, as well as physical and logical 
structure of the record. Thereby we have come a bit closer to maintaining 
authentic records. 
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Abstract

This paper discusses an approach to preserve presentation by using metadata to describe the 
‘look’ of digital documents in order to make them appear in a trustworthy way. The reason for 
making them appear in a trustworthy way is that documents often get record status, for 
example in a governmental agency. The concept of Records Continuum together with work 
conducted by Heslop, Davis and Wilson at National Archives of Australia regarding 
preservation of digital records, is some sources of inspiration for the approach suggested in 
this paper, together with discussions around significant properties and imitative copies. This 
paper focuses on discussing how metadata driven presentation of web-based forms can be a 
suitable way to preserve logical and physical structure of such forms, and in particular reason 
around a model suggested for this kind of preservation (Nilsson 2006). This is all part on an 
ongoing work and at the moment the focus lies on objects that are created digitally (i.e. does 
not have an analogue original). This paper only considers individual documents/forms/records 
and not records in the meaning of several digital objects that all are part of one record. The 
results, which are based on interviews with individuals in the archival community, point at 
that the suggested approach, despite some problems, could be a suitable way to handle the 
access to imitative copies of digital objects, but that this alone is not enough for achieving 
trust in the object.  

Introduction 

With the emerging use of e-services for governmental purposes (e-government) 

the document/record moves towards being 'born digital'. Those records do need to 

be preserved in order to preserve the memory of our governmental agencies, and 

to ensure their evidence value which might be of importance to both agencies and 

their customers, be it citizens or companies. Many of those e-services use web 

mailto:nilsson@ltu.se
mailto:hagerfors@ltu.se
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forms for submission of information to the agency. Those digitally created records 

are usually just pushed down in to different tables in a database, and might never 

again appear in the same form as when the citizen submitted it. This poses some 

problems regarding the trustworthiness of digitally created records. One of the 

problems lies in the documentation of the preservation process and the 

provenance of the record. Another problem that occurs is the actual presentation 

of the record. To make it trustworthy, the record should be presented in the same 

way as when it was created, as original look is one important quality dimension of 

electronic records (Borglund 2005). Being a part of the LDP project1, this paper 

presents part of continuing investigations into digital preservation, and more 

specifically how preservation of original look can be addressed.  

Presentation of digital documents/records 

Authenticity and copies 

In a forum debate in Barcelona (Digicult 2002), the forum to some extent agreed 

on that both the creator, the preserver and the user has important roles in 

identifying and maintaining the authenticity of a digital object. The discussion 

also concluded that authenticity must be ensured already at the time of object 

                                                
1 The LDP project is a research and development project initiated by the Swedish National Archives, Luleå 

University of Technology, National Insurance Board of Sweden and Boden Municipality. The project 
has three aims; one is to perform a digital test delivery of material of the National Insurance Board 
which mainly is the development part of the project, another aim is to conduct research into how 
preservation of digital material could be handled from now an onwards, and the third aim is to start a 
competence centre for long-term digital preservation. At the time of writing, the third aim has been 
achieved, and the other two are moving forward as planned (project ends 31st of December 2006). The 
competence centre will continue working with digital preservation issues after the LDP project has 
ended and will reach out to government agencies and local municipalities trying to get them to 
cooperate, with the aid of the centre, in finding solutions to common problems in preservation of digital 
material. 
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creation (ibid.). Another topic that was brought up in the discussion was the 

somewhat rhetorical question of whether there is something that can be 

considered as an original when looking upon digitally ‘born’ material (ibid.). The 

answer was, more or less, no – which in other words mean that we instead should 

focus on handling copies in as good way as possible. This could be seen as 

something of a paradox since there can not be any copies if there has never been 

an original, but the problem actually lies in that you have several potential 

originals, and that someone has to decide which one that is to be considered as 

‘the’ original, of which you then can make copies. 

According to definitions from the field of Diplomatics, there are three degrees of 

copies: “copy in the form of the original”, “imitative copy” and “simple copy” 

(Dollar 2000). A copy that is in the form of the original can be exemplified with a 

document that is written out once, signed and sent to its intended receiver. Then 

the document is written out again, on the same kind of paper, with the same 

printer and so on, and signed, but filed in the senders archive. Now you have a 

“copy in the form of the original”. An “imitative copy”, on the other hand, is a 

copy that is made to look like the original in some aspects, but may have lost 

some characteristics of the original. As an example, we can mention a typical 

photocopy of a signed document. In this case, it is obvious that the signature is the 

result of a photocopy. In addition, the type of paper might be different, as well as 

the print method, and most likely colourised parts of the document will be 

rendered in different shades of grey. However the logical structure (i.e. order of 

elements) will be intact, as well as much of the physical structure (e.g. layout, 

italics, logotype), which results in an imitative copy. A “simple copy” though, is a 

copy that is a transcription of a document, in an entirely different format. As an 

example of this you can imagine the contents of a Microsoft Word document that 

is transcribed into a plain text file. In that case, you lose most, if not all, physical 
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structure of the original, and some of the logical structure is at risk as well 

(depending on the type of document). (Dollar 2000) 

Authenticity is not only a matter of keeping the “original” of a digital object, it is 

also necessary to describe the relations and provenance of the object (Thomassen 

2001). This is necessary in preservation of analogue material, as it carries 

information about how, why and when the digital object was created, but maybe 

even more so in the preservation of digital material. The reason for this being the 

fact that digital objects are dependent on hardware and software in order to be 

readable for humans, and the hardware and software that was used in the creation 

of the original may have had implications on the presentation of the object in its 

original form. Many metadata schemas has been developed that take this into 

account, some more than others (Lavoie & Gartner 2005), but in general the 

metadata schemas rely on a core of attributes that are applicable to a wide area of 

digital objects. Our intention is to get to a more detailed level, especially 

regarding what in OAIS-terms are called representation information (CCSDS 

2002). Representation information is used to describe how a digital object should 

be interpreted (both by machine and man) in order to be understandable. Although 

the authors of this paper have not taken a firm stand in what metadata schemas to 

use, the development part of the LDP project is using METS (Library of Congress 

2006b), EAD (Library of Congress 2006a) and EAC (EAC Working Group 2003) 

in their current work. The idea from the authors is that our metadata schema 

should be possible to add to other metadata schemas, and in that way combine it 

into a greater whole.  

Records can be seen as having two functions. The first function is to serve the 

organisation in which it was created, for example as evidence of a transaction. 

The secondary function of a record is to serve as a source for research and 
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cultural-historical purposes. The creator usually does not have the secondary 

function in mind when creating records (Thomassen 2001). The Records 

Continuum approach (McKemmish 1997, Upward 2001) however, tries to 

emphasise that records simultaneously function as both organisational memory 

and societal memory. The continuum approach therefore also stresses the 

importance of capturing records at their creation, so that they can fulfil their 

multiple purposes over time.  

Metadata driven imitation 

There exists several approaches to how to preserve logical and physical structure 

of records, and many of them have somehow influenced us in our work. The main 

influences are; the performance model (Heslop, Davis and Wilson 2002), the 

Underlying Abstract Form (Holdsworth & Sergeant 2000), the Model-View-

Controller framework (Burbeck 1992), and as a framework for discussions and 

terminology, the Reference Model for an Open Archival Information System 

(CCSDS 2002). This has led to a suggested approach that will be described briefly 

here, but it is described in more detail in “Preserving logical and physical 

structure of information” (Nilsson 2006). 

Let us start by exemplifying logical and physical structure. Logical structure is in 

what order different parts of a document/record appears, for example first you 

have a title, then a heading and then a body of text in paragraphs (left part of 

figure 1). Physical structure however defines how the different parts of the 

document/record are positioned, their colour, and other, typically visual, attributes 

(right part of figure 1).  
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Figure 1: Logical structure and physical structure 

The approach suggests that the logical and physical structure of the record is 

described using metadata. To be more precise, the layout of the document (e.g. a 

form) is described by stating what elements should be placed where, what font 

they should use, if the text should be in italics, and so on. Then the content of a 

record (data) is placed in its corresponding placeholders. This means that we 

suggest a separation of data from its logical and physical structure. The reason for 

this separation is mainly to keep the content available for processing (e.g. 

searching, statistics) still being able to present the record in its intended logical 

and physical structure, if needed. The physical structure is further emphasised 

with the suggestion that the “backdrop” of a record can be preserved. Consider 

the, for printing reasons, simplified (and fictive) tax return form (figure 2).  

Title
Label1 
Data1 
Label2 
Data2 

             Title 

Label1 Data1

Label2 
Data2 
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Figure 2: A fictive tax return form

The “backdrop” is just a visual image of what the document/record should look 

like, without any data filled in (figure 3), which in other words means that some 

of the physical structure is held in the backdrop (e.g. background colour, 

logotypes, lines and figures). Data is then superimposed upon the backdrop at the 

time of request, according to how the metadata specifies were it should be placed, 

what font it should be and so on. This approach leads to what can be considered as 

an imitative copy of a record, with its content still easily available for computer 

processing.  

Reference number: 

Date: 2005-02-23 

Social security number: 

Income: 

123456789042 

640415-3832

219000

General deductions: 9700

Interest income: 500

Interest expense: 42500

Property: 1115000

Tax return 
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Figure 3: A backdrop of an empty tax return form

This suggested approach calls for rather extensive metadata in order to represent 

the structure of the record, and a visual “snapshot” of the document/record is 

recommended in order to be used as backdrop. Let us say that we have 100 000 

records of a certain type that should be preserved. One approach might be to keep 

them in PDF/A-format (Arms & Fleischhauer 2006), which enables us to keep the 

logical and physical structure of the record intact. Another approach might be to 

only keep the content of the records (e.g. the amount of income), which enables us 

to process the content rather efficiently, but most likely hinders us from 

presenting the document/record in its intended form. The latter might be suitable 

for a records primary function, and the former for both its primary and secondary 

function. The PDF/A approach does however hinder us somewhat in making the 

records content available for mass processing, and is primarily intended for page-

oriented documents (Arms & Fleischhauer 2006). The approach we suggest will 

make the content of the record available for simple and quick presentation as well 

as mass processing, still having the possibility to provide physical structure by a 

backdrop combined with the corresponding structural metadata. Although the 

amount of metadata to describe a backdrop may be large, it only needs to be 

Reference number: 

Date:

Social security number: 

Income: 

General deductions: 

Interest income: 

Interest expense: 

Property:

Tax return 2004 
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described once for all 100 000 records. Using a backdrop is just a way of reducing 

the amount of metadata otherwise necessary to describe the entire layout and other 

visual attributes of the record. Instead the metadata can be used to place content at 

the correct positions, with the correct attributes (e.g. font and size). This could 

still produce a respectable amount of metadata. Consider that a form could consist 

of, lets say, 40 elements. Then you need to describe the position, colour, font type, 

font size, and so on, for each of the elements, which to say the least renders a lot 

of metadata. 

Considering that preserving physical structure can be quite cumbersome, the 

effort should be focused on where it is deemed necessary to preserve the “look” of 

the document/record. Hedstrom and Lee (2002) among others have done work 

related to what they refer to as significant properties. What is regarded as a 

significant property varies between different cases, it might be decided that text 

colour is a significant property in one kind of document and not in another and 

there may exist information on a web page that are deemed as not being part of 

the document/record, and therefore not a significant property (an advert for 

example). It might also be that no visual characteristics (physical structure) are 

considered as significant properties for the document/record, and therefore not 

preserved at all. An important role of archivists will be to determine this, much 

like with appraisal in general. 
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Methodology 

To test the approach suggested in Nilsson (2006) and somewhat more briefly 

described earlier in the paper, interviews with archivists where used. First, an 

unstructured interview was made in order to get the respondents to talk freely 

about their experiences around a rather vague/wide problem area, namely the 

preservation of digital records. We did however have some topics that needed to 

be covered (how web forms are cared for, the separation of data and ‘view’, what 

is considered as ‘original’, structural metadata – whose responsibility), so we had 

some questions prepared about areas that the respondents may have taken for 

granted, and problems they might not have realised. After the interview, the 

respondent was presented with a digital material that was in accordance with the 

proposed approach (Nilsson 2006). The respondents was then asked to give their 

opinion on strengths and weaknesses with the approach, in an unstructured matter. 

After this the respondent was presented with the same material in the way that it is 

available today. The respondents then gave feedback on this way of presentation, 

as well as comparisons between the approaches.  

We used archivists to test whether the suggested approach provided a more 

“trustworthy” (credible, believable) version of a digital record than the way digital 

records are presented today. The reason for using archivists was that they could 

give valuable feedback on things missing in the suggested approach, as well as 

opinions on what seemed superfluous. In other words, the archivists acted as a 

kind of experts on preservation of information. The archivists were not asked 

questions about the content of the material since the purpose was to reason about 

an authentic presentation of the material, not whether they understood the content 

or not. The digital material used as example in the study is “Electronic tax return” 

from the Swedish National Tax Board. 
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A few interviews, based more on discussion, were preferred over many structured 

interviews, since we were interested in discussions and reasoning about the 

suggested approach, not just a quantative measure of how many that named 

certain advantages or disadvantages. In order to determine the number of 

interviews needed we used the principle of theoretical saturation (Glaser & 

Strauss, in Wibeck 2000) which means that we conducted interviews until the 

answers started to repeat themselves, in other words, when no new data, or little 

and irrelevant data, appeared from the interviews, and the field of inquiry got 

“saturated”. 

The data from the interviews were analysed mainly from the point of “face value”, 

and although we were looking for similarities between the respondents answers, 

every answer was important and gave useful information for our research. In other 

words, we did not only look for which answers that were the most common, we 

also looked for answers with a high degree of explanatory power even if only one 

of the respondents mentioned them. The data from the interviews was also 

compared with theories, where applicable (mainly about archival principles), but 

no deeper analysis of why a respondent answered in a particular way was done. 

Although the term “validity” is not always used in qualitative studies, such as this 

one, we will use this label. In the interviews, we supported the validity by 

“respondent validation” (Leedy & Ormrod 2005) which means that the 

respondents gets to read the transcription of the interview and that we thereby can 

check with the respondents that we have understood them correctly. We also use 

“feedback from others” (Leedy & Ormrod 2005) were we get input from 

colleagues on how we have interpreted the data. In this way, we could get the 
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conclusions validated by the archivists, and from fellow researchers regarding 

interpretations drawn from the data. 

Opinions from the archivists 

A majority of the respondents agreed on that the logical and physical structure, in 

everyday conversation referred to as “original look”, of a digital object could be 

important to preserve in many cases, since this was what the citizen saw when she 

posted the form. The respondents did at first not have any problems deciding what 

is considered as an original, since this is clearly stated in the legislation (that 

which arrives at a agency is considered as the original). After exemplifying the 

difference between a paper form and a web based form, and what is saved from 

the web based form, the respondents were more concerned over the fact that much 

of what the citizen saw, was not kept at all. All of the respondents agree on that 

the logical structure of a record is important to preserve. They also feel that it is 

both reasonable and suitable that an archivist is responsible for determining how 

much (if any) of the physical structure that is needed for preservation of an 

“imitative copy”. There are however some differences in how important the 

respondents see that this physical structure is. 

Some respondents feel that it is important to preserve the physical structure in 

order to facilitate “as good understanding as possible” of the record to future 

users, while a few express that the only thing that really matters is that the content 

of the record is correct. This relates somewhat to whether the respondents care 

more for the primary function of the record than their secondary function. Even 

the more reluctant archivists agreed though, that if you send in a paper based 

form, the logical and physical structure is preserved and can be important to the 

citizen, if not as evidence at least as a help in remembrance. The respondents were 
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in general sceptic about that this approach not really helps with preserving the 

evidential values of records, and that it in some sense may give false impressions. 

For those reasons, some saw the preservation of physical structure as “somewhat 

unnecessary”. All respondents agree on that the context and provenance of a 

record is most important in strengthening the authenticity. A couple of 

respondents also pointed out that a record/document has several “looks” through 

their process, since a digital record is handled in different information systems, 

and that some or all of those looks may be necessary to preserve as well (in 

addition to the ‘original’ look). 

Many of the respondents could see the advantage with having the content 

separated, since this facilitates searching over the entire content of the record. 

They also suggested that the metadata driven approach should be constructed in a 

way so that it easy to extract data from particular “tags”. In other words, the fields 

should have well defined and understandable names, if possible. The respondents 

could both see the benefit from having this kind of metadata descriptions at 

element level, and at the same time point out the workload they have today, and 

the need for automation and help from IT personnel to be able to handle the 

increased amount of metadata. All respondents self critically acknowledged that 

they had problems with digitally created material today, but in all cases it was 

because of lacks of resources and not because of lack of awareness. 

Discussion 

Since we feel that the field of inquiry not yet has been saturated, more interviews 

are scheduled which probably will add to the material we have for now. The 

following is however, a discussion around what has come up so far.  
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Having the ability to present a ‘digitally born’ record as it originally looked, i.e. 

with its logical and physical structure intact, is an important issue for archivists. 

This does not mean that the archivists want to preserve everything with its 

physical structure intact, but that they at least want to have the possibility to do so. 

Even though there are some problems related to juridical evidential aspects, the 

approach suggested still gives better possibilities than what is the case in general 

today. The respondents however raised a flag of warning regarding relying on this 

for evidential value of a record. Since this is not the primary intention of the 

suggested approach, which instead is to facilitate ease of access to imitative 

copies, this is not seen as a problem for us, but may be an area to look in to 

regarding improvement of the suggested approach. As the respondents pointed 

out, the evidential value is guaranteed by ensuring the whole preservation process, 

and documenting everything that is done. This issue will however be left to other 

parts of the process of digital preservation, since this lies at a higher level (of 

metadata) than we are working with now. Although not dealt with in this paper, 

the possibility to follow a record through its entire process (from creation until 

archiving) is something that we have been thinking about, having the ability to see 

the timeline of what happened when to the record. The respondents agreed on that 

having the data available for mass processing can help future researchers, for 

example in doing statistical surveys of archived material, which is a good thing. 

The ability of presenting the record in its original logical and physical structure 

gives, was considered as a good idea, but not as important as the data accessibility 

part, although this gives possibilities for researchers that are more interested in 

topics related to structural issues. 

The archivists mainly saw problems regarding the large amount of metadata that 

would be needed to manage the suggested approach, on top of the already 

respectable amounts of metadata that are needed for archiving. At the same time 
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they thought that they could be helped in the work with defining those views with 

the aid of (software) tools and that some of the work could be the responsibility of 

the IT-department, and perhaps even automated. All in all the archivists saw 

promising things in the suggested approach, namely the ability to search over the 

entire content of records, the ability to “mass process” a large amount of records 

and the possibility to produce imitative copies, if needed. This suggests that we 

should continue along the suggested track and make a prototype to test with the 

general public, making available public records that are anonymised. 
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