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Abstract. Digital libraries increasingly host collections that are archival in na-
ture, and contain digitized and born-digital materials. In order to preserve the 
evidentiary value of these materials, the collection organization must capture 
the general context and preserve the relationships among objects. Archival 
processing is a well-established method for organizing collections this way. 
However, the current archival workflow leads to artificial boundaries between 
materials and delays in getting digitized content online because physical and 
born-digital materials are processed independently, and digitized materials not 
at all. In response, this work explores the approach of processing materials in a 
digitized form using a large multi-touch table. This alternative workflow pro-
vides the first step towards integrating the archival processing of digital and 
physical materials, and can expedite the process of making the materials availa-
ble online. However, this approach demands high quality digitization and re-
quires that archivists perform additional tasks like matching multi-sided, multi-
paged documents. 
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1 Introduction 

The core mission of digital libraries is to facilitate the use of the information that they 
host. This mission is challenging because people create and use information in increa-
singly different ways. Furthermore, as technology evolves, digital objects increase in 
complexity and their file formats change. This creates dependencies on legacy hard-
ware and software [1]. Consequently, researchers have been investigating how to 
provide long-term access [1], storage, and preservation [2, 3] of digital objects. Many 
of these solutions address the issue at object-level (e.g., creating smart digital objects 
that can automatically copy themselves [4]). However, focusing on the long-term use 
of these objects requires rethinking how collections are organized and managed as a 
whole.  

Digital libraries and archives host innumerable digital objects of significant scien-
tific, legal, economic, cultural, and historic value [1]. Currently, many digital libraries 
are built on the premise that these objects can be organized and made accessible as 
independent units. This makes sense when the items (e.g., books and journals) each 
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have a distinct internal cohesion and contain all the necessary information within 
them to be read, analyzed, and understood. However, digital libraries are increasingly 
incorporating digital objects (e.g., scientific data, and personal, organizational and 
government records) that are archival in nature. These archival records are distin-
guished by the fact that they are created as a by-product or instrument of some prac-
tical activity, and are set aside by their creator for future action or reference [5]. As 
such, these records constitute a “primary and privileged source of evidence about the 
activities and the actors involved in them” [6]. These archival records, though they 
can be read as individual units, lose much of their meaning as evidence when ma-
naged and accessed independently.  

The unique nature of archival records has major implications for collection organi-
zation and system design. Records serve as evidence of the actions of the creating 
entity, and derive much of their meaning from the context in which they are created 
and filed. A key part of this context is the archival bond – the notion that a relation-
ship exists between all records created as part of the same activity. Rather than treat-
ing records as standalone objects, archival thinking requires that the archival bond be 
maintained and preserved in order for records to retain their meaning and evidentiary 
nature [8]. While some digital library platforms support a certain level of grouping 
(e.g., volumes for journal issues), this is insufficient from an archival perspective. 

Archival science addresses the requirement of preserving the evidential value of 
records through a well-established method for organizing and describing collections: 
archival processing. The activity of archival processing requires completing two 
steps: arrangement and description. Archival arrangement is the method for organiz-
ing the collection and involves establishing or re-establishing the original intellectual 
and physical order of records in a collection. In this iterative process the archivist is 
looking for clues of organization and order within the records and aggregations of 
records in order to restore or recreate the original filing system. Archival description 
is the “creation of an accurate representation of a unit of archival material by the 
process of capturing, collating, analyzing, and organizing information that serves to 
identify archival material and explain the context and records system(s) that produced 
it” [9]. Finding aids are similar to library catalogues in that they allow physical and 
intellectual management of the collection and facilitate user access to the collections. 
Supporting the activity of archival processing is crucial for digital libraries that aim to 
support activities such as scientific discovery and historical research. 

In recent years, the need to reduce large backlogs of unprocessed collections has 
prompted a call for new ways of thinking about all aspects of this core activity [7]. 
Currently, digitized materials are not part of the processing workflow. Physical mate-
rials are processed before they are digitized. Born-digital materials are processed 
separately following a different methodology. In hybrid collections, this workflow 
can create an artificial boundary, potentially disrupting the archival bond.  

This paper looks at the role of technology in supporting the activity of archival 
processing among practitioners as a key step in organizing groups of records before 
they become part of a digital library system. It focuses on recasting the workflow of 
archival practitioners by moving from a model where paper-based collections are 
processed first and digitized second, to one in which collections could be digitized 
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first and then processed second such that all materials (physical and born-digital) can 
be considered together. Specifically, this paper introduces the Augmented Processing 
Table (APT) project. APT pioneers the use of surface computing devices for 
processing collections of digitized archival material. Just like a hybrid collection 
combines physical and digital materials, APT creates a space that allows for the 
processing of digitized materials in combination with born-digital material, integrat-
ing both modalities (paper and digital) in one workspace.  

2 Interactive Surfaces 

In addition to archival science the APT project is informed by previous work on inter-
active surfaces and tangible user interfaces (TUI). Interactive surfaces that support 
multi-touch interactions play an important role in a variety of settings where people 
are engaged in information intensive activities such as office work [10], disaster con-
trol management [11], and leisure activities [12, 13]. Recently, researchers have been 
investigating the use of interactive surfaces in complex information applications such 
as document review in legal cases [14] and collaborative search among co-located 
group members [15]. 

In the design of multi-touch interfaces, designers often draw from the physical 
world, whether it is through the use of metaphors to describe interaction or behavior, 
or using embodying aspects of the physical world that are thought to be relevant to 
human interaction [16]. Tangible User Interfaces (TUIs) go beyond the use of meta-
phors, utilizing physical objects to represent, display, and/or act as a physical control 
of the digital representations on the multi-touch surfaces. For example, PaperView 
uses pieces of plain paper that act as personal, location-aware, interactive screens 
[17]. Designing TUI interfaces can be difficult [13] because it is necessary to decide 
when to provide physical or digital interface elements, and to what degree digital 
elements should emulate real-world interactions. However, evaluations of TUI sys-
tems show that interfaces that rely on familiar objects (e.g., paper) provide predictable 
and straightforward interactions [17]. Furthermore, the approach of integrating digital 
material into established paper-centric processes such as literary criticism has been 
proven beneficial [18]. 

APT explores the use of interactive surfaces for archival processing and studies if 
archival processing is amenable to be conducted using digitized documents. Like Ter-
renghi et al. the APT project is interested in “understanding not only people’s expecta-
tions and mental models about digital versus physical media, but also an understanding 
of the associated affordances for interaction in these different situations” [16].  

3 Design 

Previous research about the affordances of paper and digital media [16, 19, 20] indi-
cate archival processing of digitized materials is viable, and interactive surfaces can 
ease this transition from paper to digital. Similarly to Family Archive [21], APT aims  
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to let users interact with both born-digital and digitized material, and thus facilitates 
the study of how interactions with these objects differ. Although not the primary fo-
cus of this paper, this understanding will be crucial for developing a fully-hybrid en-
vironment for archival processing. 

APT was built following a collaborative design process. The five-person research 
group consisted of three digital library/HCI researchers and two archival researchers 
(one of who has professional experience in archival processing). The team met week-
ly throughout the duration of the project, setting up tasks and tracking their progress. 
The archival researchers served as domain experts, providing crucial knowledge about 
the problem space. In processing collections, archivists need a quiet atmosphere and a 
large flat work surface (e.g., table). Typically, processing a collection requires several 
sessions to reconsider and fine tune the arrangement. In terms of time, the archivists 
expressed that for a disorganized collection of 40 items needing item level arrange-
ment (this is a typical assignment in a graduate course on Archival Enterprise) it takes 
2-3 hours, and is normally done in one or two sessions. In this scenario, archivists 
manipulate objects individually, and create and refine groups that reveal the relation-
ships between objects (archival bond). This work is highly visual. Archivists often do 
not fully read the documents, but pay attention to the documentary form, general ap-
pearance, and certain internal metadata of the objects. While groups are expressed 
implicitly (e.g., piles) or explicitly (e.g., areas), archival arrangement has strict rules 
about group hierarchy, limiting the types of groups (sub-group, series, files) and the 
order in and among groups.  

The archivists’ domain knowledge facilitated identifying the following design im-
plications:  

• maximize the surface area on a dedicated workspace 
• allow for the creation of ephemeral and permanent groups  
• support user manipulations at the object and group level 
• allow revisiting and/or reverting back to any previous states 
• allow for note taking while processing 
• allow metadata manipulation of objects and groups 

In order to meet this requirements APT’s core functionality was designed as a spatial 
hypermedia application [22]. Spatial hypermedia allows users to interact with objects 
and metadata, and can automatically infer groups (both implicit and explicit) based on 
visual structures such as piles and lists. Since a key goal behind the design of APT is 
creating a platform that allows for the study of archival processing, APT tracks the 
history of the workspace in a manner similar to spatial hypermedia systems such as 
VKB [22]. 

4 System 

APT consists of a custom-made, large surface (5’x5’ total, 47”x28” interactive), in-
teractive tabletop computer that runs a specialized spatial hypermedia application for 
digital archival processing (see Figure 1). 
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Fig. 1. The Augmented Processing Table 

When document images are first imported into APT, they are tiled across the work-
space to give an overall impression of the size of a collection. In the initial state all 
items are located at the root level of the workspace hierarchy. Users can move, scale 
and rotate items freely in 2D. Users can create groups, and add items to them, which 
in turn can be added to higher level groups, like series and subgroups. These groups 
correspond to specific levels of the archival hierarchy (see Figure 2). 

 

Fig. 2. Grouping and sub-groupings 
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Archivists may add metadata (e.g., title, description) to items and groups. APT 
saves the state of the workspace whenever any change occurs, requiring no input on 
the part of the user to save their work. 

5 Pluralistic Walkthrough Evaluation 

A key aspect of the project is to study if archival processing can be conducted using 
digitized materials on an interactive surface. In order to determine this, APT was eva-
luated using a pluralistic walkthrough (where a team with varied expertise walks 
through a scenario of use to uncover possible interaction and usability issues). One 
archival researcher created a test-collection using a subset of an existing collection. 
This researcher processed the test-collection physically, creating a baseline for the 
experiment. The other archival researcher served as the participant, processing the 
collection as part of the walkthrough. 

The walkthrough studied the tasks and activities of the participant as she processed 
the test-collection using a think-aloud protocol to externalize her thoughts and moti-
vations. The rest of the research team observed and took notes unobtrusively. The 
walkthrough was conducted in a single session that lasted four hours (including a 
break in the middle). After the task, an unstructured interview was conducted where 
the participant answered questions from the panel. Finally, after a week of individual 
reflection, the group met, compared notes and discussed the tasks and activities of 
processing using the interactive surface. 

In general, the participant processed the digitized materials as if they were physical 
materials. The observation and analysis of the participant’s activities and comments 
revealed some aspects about the system functionality and the differences between 
processing digitized collections and processing collections physically that are worth 
mentioning: 

Quality of Digitization. Understanding the actual physical characteristics of the ob-
jects is extremely important for the task of archival arrangement. Improper digitiza-
tion (e.g., deformed images) and lack of information about their physical characteris-
tics (e.g., actual size of a document) can hinder the task. For example, when the par-
ticipant was looking at an image, and particularly when she resized the image to read 
the content, the lack of information about the original dimensions of the document 
meant that she could not always decide, for example, if it was a postcard or a large 
painting.  

Rotating and Resizing Controls. In APT the ability to scale is combined with the 
ability to rotate, and can be done at any corner of a document. During the experiment, 
the participant performed these functions repeatedly, and having a single control for 
both, resulted in unintentional rotation or resizing actions. The participant thought that 
the controls should be separated. 
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Fig. 3. A zoomed item  
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participant starts focusing on creating a presentation of the arrangement. For example, 
the participant expressed a desire to have documents adopt a 'snap to grid' behavior 
once put inside a group, and to be able to hide items behind a single representation of 
a group and only display the contents when needed.  

Presentation Mode. After the participant had created a number of groups, she asked 
how to acknowledge in APT that she was finished arranging, expecting a separate 
mode for displaying and exploring a processed collection where the workspace would 
be "locked" and no changes could be made. 

6 Discussion 

Overall, the walkthrough evaluation revealed that archival arrangement includes sev-
eral stages:  

1. Triage – quick sort of materials into temporary groups (e.g., piles). 
2. Group refinement – revision of all groups (one by one), validating the inclusion of 

every item (or moving them if necessary). At this stage archivists also start work-
ing on presentation aspects.  

3. Object matching – formalization of relationships between objects (e.g., matching 
front/back of postcards and “staple” them together). This stage requires a lot of 
searching and parsing to find documents. 

4. Metadata and archival hierarchy – adjustment of groups according to the formal 
archival structure, and entering the permanent metadata. 

5. Overall workspace organization – ordering ‘messy’ parts of the workspace and 
making it suitable for presentation. 

For the archival researchers, this basic articulation of the stages of processing was 
significant, because this process has never been systematically studied. Instead the 
traditional focus in the archival literature is on articulating processing principles or on 
determining costs. 

While there are changes that are needed in order to accommodate archival practic-
es, the evaluation showed that archival processing can be conducted digitally using 
digitized materials. This supports the approach of digitizing first and processing 
second.  

The evaluation highlighted the need to pay attention to the digitization process, as 
some information can be lost or distorted. However, some of these issues can be 
solved by providing additional functionality to APT. For example a stapling function 
could help users match double-sided documents, and combine multiple pages that 
make a single item (e.g., multiple pages in a letter) into a single representation. 

In terms of functionality, the evaluation of the initial iteration of APT called for 
functions similar to those provided by spatial hypermedia systems [22] including 
searching and fetching, and visual presentation operations. The evaluation also re-
vealed the need for functionality specific to archival processing, including visualiza-
tions for metadata, physical characteristics, and relative state of the items and the 
workspace. 
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7 Conclusions and Future Work 

Digital libraries are increasingly hosting collections that contain digitized and born-
digital archival materials. For collections of an archival nature it is critical to arrange 
the materials in a way that captures the context of the overall collection and the rela-
tionships between the individual objects in it. Archival science shows that archival 
processing produces a proper arrangement and collection description that protects the 
evidentiary nature of materials in the collections. 

Archival processing has traditionally followed a workflow of “process first, digit-
ize second”. This workflow has some drawbacks that impact “principled practice” and 
work productivity. This workflow may also lead to delays in getting digitized content 
online, because digitization needs to wait for processing to take place. Further, in 
traditional archival processing, physical and born-digital materials are processed sepa-
rately and differently. Arguably, this creates an artificial boundary between the ob-
jects. 

The APT project shows that archival processing is amenable to be conducted digi-
tally using interactive surfaces such as multi-touch tabletops. This is highly signifi-
cant as it represents the first step to integrate the archival processing of digital and 
physical materials, and allow a workflow of “digitize first, process second”. While 
processing is still a labor-intensive task, this approach has the advantage that it can 
potentially augment the availability of items in digital archives.  

The “digitize first, process second” approach demands a high quality digitization 
phase, and requires that the processing archivist performs additional tasks such as 
matching multi-sided, multi-paged documents.  

APT provides a platform that allows researchers to investigate future directions of 
digital archives. The APT project is interested in evaluating the effectiveness of APT 
as a tool for studying, documenting and teaching archival processing, as well as for 
exploring new ways to do archival processing including remotely and collaboratively.  

The results of the pluralistic evaluation are guiding the design of a second APT 
prototype, which better represents the objects’ physical characteristics, and provides 
advanced functionality for creating and presenting the archival arrangement. This 
second prototype will have a formal evaluation with a larger sample of archivists. 
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