Levels of Representation in Digital Collections:
A Framework and Implications for Archival
Research
Cal Lee
School of Information and Library Science
University of North Carolina at Chapel Hill
5th Annual SAA Research Forum
Chicago, IL
August 23, 2011

What makes computers different
from us?

“No computation without
representation.”
- Brian Cantwell Smith*

*"Limits of Correctness in Computers." In Computerization and Controversy: Value Conflicts and Social
Choices, edited by Rob Kling, 810-25. San Diego, CA: Academic Press, 1996. 815.

Layers and Abstraction
"Computer science is largely a matter of abstraction:
identifying a wide range of applications that include
some overlapping functionality, and then working to
abstract out that shared functionality into a distinct
service layer (or module, or language, or whatever.”
(emphasis added)
- Phil Agre, Red Rock Eater, March 25, 2000

Layers, Layers Everywhere

http://www.ibm.com/developerworks/websphere/techjournal/0607_kubik/0607_kubik.html

http://upload.wikimedia.org/wikipedia/commons/thumb/c/c7/Oracle_Storage_Hierarchy.jpg/500px-Oracle_Storage_Hierarchy.jpg

John Searle’s “Chinese Room” – An Input-Output Scenario Involving Abstraction

Source: MacroVU, Inc. Mapping Great Debates: Can Computers Think?
http://www.macrovu.com/CCTMap4ChineseRm.html

Great News:

No single layer has to understand or retain
all that is meaningful about a digital object.
In fact, the components of computer
systems can be designed so that no other
component has to “know” how it works
internally.

More complicated news:
Because meaningful information
can reside at all levels, the archivist
must decide what level(s) to
preserve in order to reflect the
intended electronic records.

The “Lifting Problem” for Digital Archives
• Reuse of a digital object requires “lifting”1 it out of its
original context, then making sense and use of it in a
new context.
• Support for lifting requires a proper balance
between:
– Providing too little contextual information, so that the user
does not understand what she is interacting with, and
– too much contextual information, so that she “will drown
in unnecessary, unhelpful, or conflicting data”2
1.
2.

Guha, R., and John McCarthy. "Varieties of Contexts." In Modeling and Using Context: 4th International and
Interdisciplinary Conference Context 2003 Stanford, CA, USA, June 23-25, 2003 Proceedings, edited by
Patrick Blackburn, Chiara Ghidini, Roy M. Turner and Fausto Giunchiglia, 164-77. Berlin: Springer, 2003.
Ackerman, Mark S., and Christine Halverson. "Considering an Organization's Memory." In CSCW '98:
Proceedings: ACM 1998 Conference on Computer Supported Cooperative Work, Seattle, Washington,
November 14-18, 39-48. New York, NY: Association for Computing Machinery, 1998.

Fundamental Assertions
1.
2.

3.

4.

5.

Preservation = ensuring the conveyance of meaning over time
Digital preservation = ensuring that important characteristics and
values of digital objects can be consistently reproduced over
time within an acceptable range of variability
Main criterion for success of preservation = meaningful use of
the information through reproduction of state information that
is acceptably similar to the object as it was originally captured
and retained
Digital resources are composed of interacting components that
can be considered and accessed at different levels/layers of
representation
Each level conveys information and can convey meaning
(emergent properties directly based upon, but not fully reducible
to level below) not available through any of the other levels moving between levels involves translation that adds and
removes information

Digital Resources - Levels of Representation
Level
7

Label
Aggregation of objects

6

Object or package

5

In-application rendering

4

File through filesystem

3

File as “raw” bitstream

2

Sub-file data structure

1

Bitstream through I/O
equipment

0

Bitstream on physical
medium

Explanation
Set of objects that form an aggregation that is
meaningful encountered as an entity
Object composed of multiple files, each of which
could also be encountered as individual files
As rendered and encountered within a specific
application
Files encountered as discrete set of items with
associate paths and file names

Bitstream encountered as a continuous series of
binary values
Discrete “chunk” of data that is part of a larger file
Series of 1s and 0s as accessed from the storage
media using input/output hardware and software (e.g.
controllers, drivers, ports, connectors)
Physical properties of the storage medium that are
interpreted as bitstreams at Level 1

Interaction Examples
Level
Aggregation of objects
Object or package
In-application rendering
File through filesystem

File as “raw” bitstream
Sub-file data structure
Bitstream through I/O
equipment
Bitstream on physical
medium

Examples
Browsing the contents of an archival collection using a
finding aid
Viewing a web page that contains several files, including
HTML, a style sheet and several images
Using Microsoft Excel to view an .xls file, watching an
online video by using a Flash viewer
Viewing contents of a folder using Windows Explorer,
typing “ls” at the Unix command prompt to show the
contents of a directory
Opening an individual file in a hex editor
Extracting a tagged data element in an XML document or
value of a field in a relational database
Mounting a hard drive and then generating a sector-bysector image of the disk using Unix dd command
Using a high-power microscope and camera to take a
picture of the patterns of magnetic charges on the surface
of a hard drive or pits and lands on an optical disk
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Bitstream on physical medium Using a high-power microscope and camera to take a
picture of the patterns of magnetic charges on the surface
of a hard drive or pits and lands on an optical disk
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Veeco Instruments. http://www.veeco.com/library/nanotheater_detail.php?type=application&id=78&app_id=34

A layered model that you may have
encountered before:
OSI stack for network
communication

Implied Communication Dynamics of Open Systems
Interconnection (OSI) Network Model

Alice

Location of shared
meaning

Bob

Application

Application

Presentation

Presentation

Session

Session
Transport

Transport

Network

Network

Data Link

Data Link

Physical

Location of direct
network exchange

Physical

= Data Transfer Path
Source for this and next slide: Lee, Christopher A. “Digital Curation as Communication Mediation.” In
Handbook of Technical Communication, edited by Alexander Mehler, Laurent Romary and Dafydd Gibbon.
Berlin: de Gruyter, forthcoming.

Alice’s Digital
Objects
Aggregation
Object
In-application
rendering

File through filesystem
File as bitstream

Access
and Use

Sub-file data structure
Bitstream though I/O
Bitstream on medium

= Potential paths of interaction
Note contrast to previous figure: not just conveying meaning
across the top layer

Implications for Archival Research
and Practice
• Need to further elaborate many fundamental archival concepts
– an important form of elaboration is through implementation
in working systems
• Archival description and metadata conventions – archival
description standards already support description at multiple
levels but don’t currently address the digital representation
levels I’ve been discussing
• Digital preservation strategies – both what is studied and
measures of success
• Professional education – value of ability to navigate across
levels and recognize the relationships between them
• Oh, and it’s ethics all the way down…

Ethical Issues – Stakeholders and Vectors of Interest
Relation of
Stakeholder to
Information*
Is about him/her

Vector of
Interest*

Aggregation

Control

Is of his/her actions

Object
In-application rendering

Is for him/her
Is to him/her

Level of
Representation

Access

File through filesystem

Is from him/her

File as bitstream

Is created by him/her

Sub-file data structure

Destroy

Bitstream though I/O
Bitstream on medium

*Not mutually exclusive

