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Moving document collections online:
The evolution of a shared repository
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Abstract. This paper reports on a work-oriented design project concerned with the question
of how to migrate shared, workgroup document collections currently kept on paper online.
Based in a civil engineering work group, the focus of our project is a document collection
called the "project files,” a heterogeneous mix of documents that serve as an ongoing
resource for the group during a project's course as well as an archival record at its
completion. We describe the dynamics of the standardized classification scheme in use for
the project files, existing practices of document filing including routine troubles, and the
prototype developed to move the project files online. The latter includes a configuration of
hardware and software along with associated practices of document scanning, coding and
search. We conclude with some reflections on the difficulties of maintaining alignment across

paper and digital media in the migration to online document collections, and with a summary
of the questions posed and answers provided by our project.

Introduction

The organization and management of documents is viewed as a persistent problem for
office workers of all kinds. Researchers have noted that people’s offices and work
areas frequently appear (to them and to their colleagues as well as to researchers)
cluttered with documents. These documents often ‘claim most of a work area’s
horizontal surfaces, and are typically arranged in more and less meaningful piles
(Malone, 1983, Nardi & Barrean, 1997). While the potential of computational
technologies to ease the burden of office filing and facilitate later document retrieval
seems obvious, it largely remains to be realized (Celentano et al., 1991). In this paper
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we report on a project to explore the requirements for creating online repositories of
scanned documents within a workgroup.

Our project is focused on what we call working document collections that are
maintained jointly within a project team and serve as shared resources for the group’s
work (see also Blomberg et al., 1996). Working collections occupy a niche between
active documents currently in use at any given time and those stored in an archive,
with the file cabinet being the typical example. Some have suggested that the
documents stored in file cabinets or scattered throughout offices have limited value as
they are seldom retrieved for later use (see for example Kidd, 1994). The argument
goes that once a document’s immediate use has passed (e.g. to convey information, to
denote that an action has occurred, etc.), its value 1s significantly reduced. In such
cases the retention of the document is motivated more by difficulty in deciding to
discard it or by the archival requirements of the organization than by the anticipated
value of the document in some future transaction. Our research suggests, however,
that in many organizations collections of documents are deliberately retained for their
potential value in the day-to-day operations of the organization. Far from losing their
value over time, these documents are critical to the effectiveness of workers and work
groups. In such organizations the problem that confronts workers is how to organize
document collections so that on those occasions when a document is needed, it can be
found. ' . : ‘

Our current project is part of a larger research program in work-oriented design
(Ehn, 1988; Greenbaum and Kyng, 1991; Kyng & Mathiassen, 1997). Our approach
comprises workplace studies closely integrated with the cooperative development of
prototype systems, meant to exemplify new and useful work practice and technology
configurations. We combine in situ in'ferviebving, workplace observations and video
analysis with design interventions that engage a range of representational artifacts
(from paper mock-ups to working proiotypes), Throughout the course of a project we
move back and forth between our field studies and our design activities looking for
opportunities to introduce design ideas and artifacts into the work environment.

At present we are engaged in a collaborative research project with a team of
engineers employed by a state Department of Transportation in the U.S. (called here
“the Department”).'! The team is involved in a bridge replacement project undertaken
as part of a larger effort to bring the area’s existing roads and bridges up to
earthquake safety standards. Although our research has looked at various aspects of
the work of these engineers (Suchman, 1998; Suchman, 1999; Suchman et al., 1998),
our design efforts have focused on the work of filing and retrieving a collection of
workgroup documents referred to as the p}oject files.

Our prototype system for the engineering design team had its genesis in an earlier
case-based prototyping project at a Silicon Valley law firm (Blomberg et al 1996).

t

' The engineering team was imtially composed of six civil engineers but has grown to more than 20 The
prototype system we developed 1s intended to support the work of the entire team
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The previous prototype also acted as an online, scanned repository for a working
L .

document collection, and we learned several lessons from that experience that have

informed our current design:

o The problems in requiring extensive coding as a prerequisite for the addition of a
document to the collection. The only classification information that we had about
the attorneys’ documents was the name of the file folder in which the physical
document would be placed. Attorneys made it clear that they had no time to input
additional metadata. |

o The value of page images for document browsing and retrieval. We learned from
the users of our earlier prototype that a range of scaled reductions of page images
were valuable for different purposes: thumbnails for browsing the results of a
search, intermediate reductions for browsing the pages of a document, and larger,
readable reductions for viewing single pages.

o The importance of hybrid search. Though our searches were primarily restricted
to the OCR text of the scanned documents, we saw the potential value in
providing multiple, alternative search strategies in a single interface.

o The need to reproduce the current physical organization of the document
collection in the online interface. As one view among others, a representation of
the filing scheme used in the paper collection serves both as a famihar,
transitional rendering from paper to digital media, and as a useful option for filing
and search in its own right.

2

Our focus at the law firm was on document search and browsing, rather than on
practicalities of document scanning and coding. In addition, the prototype that we
developed was never fully integrated with the firm’s infrastructure, making it
impossible to access the collection from multiple workstations. Our primary goals in
redesigning and reimplementing the law firm prototype in our current project were to
move to a WWW-based interface that would allow workgroup access from diverse
platforms, and to develop fully the practices and infrastructure necessary for scanning
and printing as well as search. Indeed, we think of the current prototype as more than
a document repository with an online interface; it is a collection of artifacts
(workstation, scanner, in-box, etc.) and associated practices of scanning, coding,
browsing, retrieval, and printing (see Figure 1).

The creation and maintenance of project files is a basic requirement for every
engineering project at the Department. The Project Development Procedure Manual
explains that these documents represent a partial record of the activities of the group,
“... that document project decisions, and that would be useful (or required) to
develop a subsequent project.” Project engineers make reference to these documents
throughout the project’s life. Initiated by the design team, when a project moves
from design to construction some number of the documents are copied and made
available to the construction team. At the conclusion of all stages of a project, a
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select group of documents from the pro_]ect files are assembled for the Department’s
permanent archives. j

Figure 1. Project file binders and prototype scanning station.

Project file documents are a heterogeneous collection of letters, memos, reports,
munutes of meetings, working-design plans, and the like that originate both from
inside the Department and from outside sources such as citizen groups, consulting
firms, and other governmental agencies. The project file acts as a shared resource for
team members and on occasion 1s referenced by other groups within the Department
needing access to project file documents
All project file documents are currently kept in hardcopy and stored in three-ring
binders within the project team’s, work area. Our collaborative project with the
bridge replacement team 1s to develop an online project file, accessible through the
World Wide Web. c o

The basic design goals for the prototype are threefold:
®* To require minimal overhead for entering documents into the online repository.

» To provide for incremental, modifiable coding of documents at any time.
= To provide multiple resources for document search and viewing.

In the remainder of the paper we describe the project and the lessons learned to
date. We begin with a discussion of the work of document coding, including the
dynamucs of document classification and current practices of document filing. With
that background we describe the development of an online project files prototype,
including the design of working practices for scanning, document coding and
document search as well as the configuration and development of associated
hardware and software. We conclude with some reflections on the difficulties of
maintaining allgnmeﬁt across paper.and digital media in the migration to online
document collections. Finally, we offer a summary of the questions posed and
answers provided by our project. L
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The Uniform File System

Engineering teams are responsible for the maintenance of project files and are
instructed to file documents according to a standard, organization-wide filing system
called the Uniform File System or UFS: i

The Umform File System 1s to be used by all Caltrans projects — regardless of size or type of

project. The onginating unit should start the file system as soon as prehmmary studies can identify

the project (Project Development Procedure Manual).

The UFS 1s a three-level hierarchical ¢lassification system in whxch an exclusive
numerical code is assigned to each document, which is then placed in the
corresponding location, in the binders. This apparently cl_eér structure masks,
however, what is in fact a diverse, cross-cutting and sometimes conflicting set of
interests in the documents to be filed. The latter include, the type of document
(correspondence, reports, maps and the like), the source of the document, to whom it
was sent, the project stage to which the document relates (e.g. project approval,
design, construction), and the main subject matter covered by the document. To
address this problem the Department’s procedure manual states that the source of the
document should be the primary determiner of its UFS code, on the argument that
“[m]any letters and reports cover-more than one project issue. Consequently, items
will be classified and filed according to the source that generated them, rather than by
subject.” The standard UFS framework has been relatively stable, with organization-
wide changes occurring on the order of every five years. It is récognized, however,
that minor modifications and elaborations to the UFS will be required by project
teams in response to the particular requirements of a given engineering project.

The Project Development Procedure Manual suggests that “[t]he PE (Project
Engineer) should use personal discretion when creating sub-categories for filing
purposes.” The changes to the UFS framework that we have observed include
elaborating existing categories by naming particular entities, creatmg subcategories
where none existed, and adding new, high order categories.

Elaborating existing categories: As an example, the UFS sets aside the 300
category for General Correspondence. Within that category,.code 330 denotes
Correspondence with Federal Agencies. The bridge replacement team has elaborated
the UFS scheme by specifically naming the six federal agencies with whom they
correspond, first as hand annotations and later as typed entries in a revised version of
the UFS for their project. Similarly code 351, Correspondence with Cities, has been
specified to include the five cities within or adjacent to the project area.

Creating new subcategories: The UFS may also be modified to reflect changes in
the situation of an ongoing engineering project. For example, when the bridge
replacement project first began, the Bay Area Transportation Ahthority (BATA) did
not have jurisdiction over this particular project. BATA’s authority was later
extended to include oversight of funds set aside for the bridge replacement project.
The engineering team then found it useful to add a new category, 134, specifically for
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BATA resolutions. At the same time they elaborated code 353, Correspondence with
Areawide Agencies, to include correspondence with BATA (but not resolutions).

Adding high order categories: Perhaps the biggest change that we have observed
is the addition of a new category where none existed before. The 700 category was
thought to be necessary because much of the project work in this case was being done
by outside consultants. This level of contracting-out is a relatively new phenomenon
at the Department, and the organization-wide UFS has not yet reflected this change.
The bridge project team initially added the 700 category for all documents relating to
their work with consultants. Later in the project, however, the 700 category was
redesigned to cover only task order agreements with the consultants. All other
correspondence with consultants was moved to a new category, 314, under the
General Correspondence category.

Each of these changes to the UFS has had implications both for current filing
practices and for the design of our prototype.

ol

Filing practices usir'lg‘ the Uniform File System

Our interest in understanding what would be required to move the project files online
has led us to look closely at the brldge team’s current filing practices. On one
occasion we arranged to sit with Dave, the Senior Project Engineer, while he assigned
UFS codes to documents destined for the project files. In the course of filing
documents Dave commented to us about particular difficulties he was having in
deciding which UFS code to assign to particular documents:
D: One thing I'm noticing as I'm plckmg\‘out'where I want to store these things you know like for
instance this one right here, 1t’s our letter to the FHWA [Federal Highway Administration]
regarding consultation for the endangered species act. So there’s a permit involved, environmental
15 involved, the federal, FHWA is involved, external agencies. So there’s all these categories 1t
could conceivably go under and I have to pick one. Then I have to go back and maybe search for,
because maybe [ wasn’t thinking, the next time when I’m looking back. So that’s why 1t would be
really cool 1f you could enter these things like you said, you could have a date, or a utle, or a
subject or keyword or whatever. So that’s why I think it would be really handy, because I'm sitting
here and I'm going, well, correspondence to federal agencies, yea, that’s the one I think 1t1s But it
could easily be thrown underneath permut, and certainly my assessment may be different than the
guy next aisle over. ’ .
Dave here is experiencing common troubles of filing, involved in deciding to which
of several possible categories a document should be assigned. Several alternative
UFS codes seem equally plausible, but insofar as the document in hand will go in
only one location in the binders, he must pick only one code. He also recognizes that
his choice will have consequences for his ability to find the document later on.
Finally Dave is concerned that his choice of UFS may differ from “the guy the next
aisle over,” adding to the uncertainty that he or others in the workgroup will be able
to find documents once they have been filed.

)
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Dave also struggles 1n assigning codes ,v‘vi(th':the conflicting logics of the Uniform
File System. As we mentioned earlier, the UFS orders documents variously

according to, among other things, the stage of a pro;ect and the topic covered in the

document: \

D: (looking through UFS documemationj OK now I don’t see what I thought I was looking for.
So uhm, I guess I would stick 1t under uh Floodplain Evaluations. What was the other spot?
Drainage 15 usually done during the des:gn phase and we’re not there yet. So that’s why I would
pick uhm, but see 231 15 Draft Environmental Document which is pretty vague. So I'll never find
it. It’s just not going to happen. I'd probably be more inclined to stick 1t under Drainage even
though that’s not where it belongs? So that’s what I'm going to do. I'm pl:obably not doing 1t right
but that’s what I would do. So this 1s why your system would be nice. :
In this case Dave finds it difficult simply to locate the UFS category he-is looking for
within the scheme itself, as he has to flip back and forth through the pages of the UFS
documentation to find the appropriate code. Dave is also confronted with the problem
of a misalignment between the normative chronological order of ‘engineering projects
and the topical concerns of the document in hand. While the bridge project is still in
the environmental assessment stage at this point, the document is about “drainage.”
As Dave explains, the UFS code that deals specifically with drainage is found later on
in the scheme, under a category that concerns the design stage of a project. As a
result he is faced with the question of filing the document “wheﬁe it belongs,” or
alternatively where he is most likely to look for it later on.
. : =t M - .

Extending the options -for document coding:

At this point 1n our project we could see clearly that putting the project files on line
would ease the bridge replacement team’s reliance on the UFS classification scheme
as therr primary means of document retrieval. Our observations and discussions with
members of the team convinced us as well of the potential value of a system that
would allow them to assign multiple, heterogeneous property values to project file
documents. We first explored the possibility and practicality of assigning new
metadata classes to project file documents by mocking- up a paper coding form with
fields for UFS code, date, keywords, and document type.> We agam sat with Dave as
he used our coding form to code project file documents, asking him to add keywords
and document types as he saw fit. This provided us with a tentative set of keywords
and document type categories to include in an online coding form.

To explore the feasibility of using our online coding form, we asked Andrea, an
engineer working on the bridge project to code documents using the form. As with
our original paper coding form, we allowed new keywords and document types to be
added as needed. Andrea’s experience using the coding form led us to rethink the

? We onginally hoped to support the automatic processing of the paper coding form but so far have not been able
to do so with the technologies available to us.
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form’s design. In particular, we observed. that Andrea had difficulty in locating
relevant keywords for a given document. She would peruse the list of keywords, and
failing to find what she was looking for she would instead add a new keyword. This
despite the fact that the keyword for which she was looking, or at least a reasonable
synonym, mught on closer inspection already be on the list. We realized that the list
of keywords would soon grow to be unmanageable (if it was not already) without
some way of further structuring it.

Our approach was twofold. Fxrst we added structure to the list of keywords by
creating separate properties for the 'source and recipient of a document. Many of the
keywords in the original list had been the names of organizations and groups with
whom the bridge team corresponded. .We. pulled these names out of the keyword list
and grouped them by type of entity (e.g. federal, state, local, other). It was now much
easier to find the source/recipient values and the remaining list of keywords, now
called topics, became much smaller. -

An added benefit of creating a source/recipient property is that people with little
knowledge of engineering practice or of a specific engineering project are able to
assign source/recipient values for a large percentage of the documents in the project
files. This information is often directly available from letterhead, memo fields, or in
the text of the document. : In the case of the bridge replacement team, a student intern
has been hired to help with project file management. He has now assumed the
responsibility for scanning docurnents ‘and adding them to the online repository. He
15 able to assign sources and recipients,' as well as dates, topics and document types to
many of the documents. In keeping with the design goals mentioned earlier, there is
no requirement that property values be assxgned to documents at the time that they are
added to the online repository. The intern does as much as he can as he scans, and
engineers can assign additional topic values to documents, or modify those already
assigned, at any time.

Along with adding further structure to the property lists, we addressed the problem
of the proliferation of keywords by adding a free text field on the coding form, in
which useful information about a document that was not easily indicated by the
assignment of values from the existing list could be noted. This free text field could
later be searched when attempting to retrieve a document. At the same time, we
wanted to support users in adding new items to the coding form as needed. Relevant
topics and associated organizations change over the course of an engineering project
(which can last upwards of ten years), particularly as it moves from project approval
through to design and construction. .To provide for modifications we added a link to
another online form where new property values can be entered. Our reasoning was
that the separation of document coding from property value modification, combined
with the possibility of keying relevant information into the free text field, would
reduce the frequency with which new values would be added to the metadata fields.

At the suggestion of the engineers we also added two new binary-valued
properties; “RE doc” for documents to be made available to the Resident Engineer on
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the construction team, and “Project History” for documents to be included 1n the
permanent archives of the Department. The existing paper-based practice requires
that engineers go through the project files pulling relevant documents when the
project moves to construction and again at the completion of the project. Because
this is a time consuming task, the engineers thought that it would be useful to mark
such documents in the online repository in advance. It has turned out to be difficult
to know at the time that the repository is created, however, which documents should
become part of the resident engineer’s file and which should go to the archives. As a
consequence, these properties are now thought of as potentially useful when the
engineers are actually faced with the task of pulling RE and project history
documents. Engineers could first go through the online repository and mark the
documents. They could then more easily be assembled either for printing or for
access within another online repository. \

As we were developing the online coding form, one of the engineers asked if we
could provide a hardcopy version of the form, that he and other engineers could fill
out in advance of scanning documents. His question opened up further discussion
about divisions of labor across the work of scanning and coding project file
documents. The paper coding forms meant that those with engineering expertise can
code documents without having to become directly involved in scanning. They can
simply drop a document with code sheet attached into a project files in-box. It is then
scanned by the intern assigned to the project files, who uses the online coding form to
enter the codes designated by the engineer. This practice has now been added to that
of simply writing UFS designations on the upper right hand corner of the document,
again placing it in the in-box for scanning and coding by the intern. The separation
of document coding from scanning, both in time and space, provides flexibility in the
working division of labor that accommodates differences in the responsibilities and
expertise of the project team.

Organization of the prototype interface

In contrast to the binders for the paper project files, the Project Files home page is the
user’s entry into the online repository. From there one can add new documents to the
repository, view the existing collection along various dimensions, search the
repository, and perform various miscellaneous (“administrative”) tasks.

Figure 2 shows how the different operations are ordered and interconnected in the
interface. Each box in the diagram corresponds to a single interactive web page. As
indicated schematically, there are separate web pages for each of the repository views
depending on the form of metadata chosen. :

Altogether, the interface comprises sixteen pages all of Wthh apart from the
home page and the third-party pdf viewer used to print, are generated dynamically by
cgi scripts. (Not shown are various help pages containing textual documentation.)
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As there is not sufficient space to describe each of these interfaces in detail, we will
briefly describe those that are the most frequently used.

Our efforts to date have focussed on building the online repository, which as of
this writing includes approximately 1600 documents or five times that number of
pages. The online coding interface is'used both to upload a scanned document in the
form of a multi-page tiff file, and to upload metadata, usually a subset of the
properties available on the coding form. ' The repository is currently maintained at
PARC, where PARC technologies are used to process the image file, creating scaled
gif images, ascii text from the OCR, and pdf files suitable for printing. After
indexing the text and metadata, we add the new documents to the repository. At that
point, they are available for browsing and retrieval from the Department.’

'
"o

Code and upload a View log of imestamped
new document y\ ; accesses to the nterface

View log of recent / Reposttory home page \ Modify the set of

additions and legal values of

modifications to o metadata properties
documents and 4 I,’
metadata View repository by
‘date, UFS, project Search repository by
element, source, . full text and metadata
recipient, topic, of

doctype

——

View a collection of documents

v

View a single document

a—  __Sa

Print a document (from a pdf viewer) , l Recode (reupload) a document

Figure 2. Primary flow of control through the prototype’s web interface. Boxes represent interactive
web pages each generated and controlled by a CGI scrnipt. To reduce complexity, the links that
connect pages to each other apart from the n'upn flow are not shown.

Documents in the repository are browsed using a variety of views. Each repository
view offers an overview of the entire corpus with links to subcollections along the
given dimension. Figure 3 shows two of these views: by UFS, and by date. There
are also viewers for several of the other metadata properties. For example, the view
by Source provides a listing of all legal Source entities and the numbers of documents
coded as having that entity as source. Following the link from a given Source entity

¥ We expect to move the management of the repository onto the Department's intranet in the near future

l
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brings up a collection browser over the documents having that source.
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Figure 3: Two views over all the documents 1n the corpus, one organized hierarchically by UFS
category, and one chronologically by date. A hnk from a non-empty category or a year or a month,
brings up a browser over the documents having that category, or having dates 1n the given year or
month

v

The search interface retrieves documents by means of queries that combine
multiple criteria. For example, Figure 4 shows a search for documents that have the
word “resolution” 1n the full text, were dated sometime in the latter half of 1998, and
for which the acronym “BATA” appears 1n any metadata property. Below the query
fields is a button panel that lets the current search be combined with the results of a
previous search.*

The results are displayed in a separate interface shown to the right in Figure 4.
The search query can be refined by clicking on the “Revise search” button. This
returns to the search interface retaining the current settings of all parameters. The
“Revise search” functionality is especially handy after following a link from one of
the repository views. For example, following the 1997 link from the Dates view
brings up the results interface showing the 385 documents coded as having a date in
1997. Clicking on “Revise search” moves to the search query interface with the start
and end date set to the beginning and end dates of 1997. This date range could be
limited to portions of 1997, or other query fields could be combined with date to
narrow the search. In this way, browsing from repository views can smoothly segue
into more refined searches. .

We also offer an expanded search interface that lets the user specify particular
values of properties from pull-down menus as search terms. The expanded search
interface includes fields for text search across the document title and notes properties.

* The Chabot system (Ogle and Stonebraker, 1995) uses multiple means of retnieval including text, metadata and

image attnbutes for a corpus of photographlc mmages To date, we have seen less work on hybrid search across
scanned document collections . !



342

Below the “Revise search” button is a textual description of the search query as it
currently stands, including any previous'searches that were combined. Beneath that
1s a panel for controlling the display of search results. Each result is displayed either
using a thumbnail image, or as a row in a table. In either case the metadata
properties, dates, categories, and titles are always shown. Other properties can be
included by clicking on the-appropriate chéckboxes. Because of the time required to
download a large number of images, we default the display to thumbnalls only if
there are fewer than 50 results. This threshold can be adjusted by the user.’
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Figure 4. A search form with three query fields specified, and the web page showing the three
matching documents; namely, those containing the word “resolution”, dated 1n the latter half of 1998,

and coded with “BATA” 1n one or more metadata properties.
| ‘ '

Each result, whether thumbnail or title, is linked to the document displayer
interface, shown n Figure 5. Here, one can browse the pages of the document at
various sizes, view the OCR text, and print the pdf rendition. The metadata 1s
displayed along with a link that leads to a coding form with which to modify the
metadata values. This coding form 1s automatlcally filled 1n with the current values,
and allows the document image flle to be re-uploaded in case the paper document has
been re-scanned.

Other parts of the interface include’ an access log that lists anonymous
timestamped entries for each time any of the web page cgi scripts 1s invoked, and an
interface that allows users to change the names of property values and add new ones.
More significant reorganizations of the rrjegad;lté scheme cannot be formulated in this
“Modify Props” interface. To date users have tended not to use this interface for even
simple additions, preferring to convey their requests to us either directly or through
the intern.

* Our use of thumbnails to represent the restlts of a search and to display document pages derives from the
Protofo1l project (Rao et al, 1994) and 1s motivated 1n Blomberg et al (1996)
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Figure 5- The document displayer interface is used to browse the pages of a document either as
thumbnails as shown on the left, or 1n larger reductions up to a readable size for a single page as shown
on the right The ascu text from OCR can ‘also be displayed. The metadata settings are shown on the

left of the interface The 1nterface includes hinks to display and print the pdf rendition of the document
as well as to modify the document’s metadata

Relations between online and paper documents

Keeping the renderings of online documents aligned with the paper files is crucial to

, the success of our project.’ In this section, we describe some of the practices of
maintaining this alignment and discuss issues relevant to repository design. We first,
however, describe a 51gn1f1cant event in the life of the project files that had
implications for the alignment problem.

Grouping the project files by subproject

.

As the bridge replacement project has moved out of the environmental impact phase
and into design, it has also grown in size and scope. Recently the project was .split
mto a dozen or so subprojects comprising independent budget centers, named
according to “Expenditure Authorization” (EA) number. Because each subproject
(and its project files) moves into construction acéording to its own time schedule, the
engineering team decided to subdivide the project files according to EA number. The
result is a collection of mi-project files, each named by EA number and sorted by
UFS and date.

In response to this reorgamzatlon of the prOJect files, we added an “EA” property
to our metadata. A531gn1ng an EA number was mainly an 1ssue for more recent
documents, as documents created before the split were given'the original EA number.
Engineers were encouraged to pencil in an EA number along with a UFS code on the

¢ The paper project files continue to be maintained 1n binders alongside the onlie collection, because of the
experimental status of the prototype and the fact that some documents will always be kept 1n hardcopy
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top corner of the document’s first page to help the intern in doing the scanning and
coding.

The new scheme seemed to be workmg well until it became clear that the EA
numbers were not a stable category. ' New ones were being formed and old ones
merged and even reassigned uncomfortably often. This posed a problem for the
binders, which were relabeled to reflect the new designations. One of the engineers
then proposed abstracting from specxflc EA numbers to a short designation
corresponding to the part of the project (e.g. MAIN for mamn bridge, INT for
interchange, etc.). Each of these “project elements” was expected to cover several
possibly shifting EA numbers, while ref,naining relatively stable over the remainder of
the project. Again the binders were relabeled to reflect the new designations, and our
metadata scheme was chahged as well. -/

!

The problem of alignment 3 \

For the work of aligning the online and physical files, three of the metadata fields are

most significant: project elements, UFS categories, and dates.” These are grouped

uppermost on our coding form. They are also the three values that govern where in

the binders a document is filed: first by subproject, then UFS, and finally by date.

For subprojects with few:documents, some levels of the UFS hijerarchy (say, below

the tens digit) are not allocated separate sections, but rather are simply sorted by date.
Of the three propertieé, the date is most eastly read off of the document, whereas

project element and UFS are harder to,code. For this reason, the engineers pencil in

those values on the document. The three propemes are thus represented in three

ways in the overall filing system:: .- :

e On the paper document itself: Dates appear in the document text, while project
element and UFS code are penciled onto the first page.

¢ In the document’s location: Binders are organized according to project element
and UFS code; within these, documents are filed in chronological order, most
recent first. o

¢ In the online metadata: For each document our system stores up to three dates,
three UFS codes, and any number of project elements.®

We should note that there are good reasons for the redundancy in coding. The
value of the codes for document filing and for online search are perhaps obvious. But
what about the penciled values on the physical document? Here, the primary goal is
mobility; the document should carry its codes when 1t is. found out of the binders.
This happens before the document is seénned, when the penciled codes serve as

" Though each of these fields can have multiple, values, the paper documents are filed and ordered according to the
first project element, the first UFS, and the first date
8 As described above, our system stores many more metadata properties than these three, but the others raise no
alignment problems, since they are neuher used 1n organizing the paper files, nor wntten in a modifiable way on
the document itself. T

1
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instructions to the intern, as well as after filing, if the document is pulled from the
binders for inspection or copying.

Ideally, a change to one of the three representatlons should lead to immediate
updates of the other two. But this is not always easy. ‘For example, an engineer
changing the values of codes at her workstation might be reluctant to take the time to
walk over to the project files, find the binder, move the documents to their new home,
and change the penciled in codes. Likewise, someone working with the binders
might choose a more appropriate UFS code for a document. In:such a situation,
refiling the physical document and writing down its new code is likely to be much
easier than getting onto the system and searching for the document. At present we
see engineers pulling documents from the binders, crossing out their current UFS
codes and writing in new ones. They then place these documents in a stack for.the
intern to revise on the system and refile in the binders.

There is a further complication to the three-way redundant coding of documents.
As we mentioned, at scan time most of the documents have penciled on them a
project element value and UFS code. These penciled values are legible on the system
when browsing the page images online. Though we can perhaps expect the
workgroup to maintain the alignment of the three representations described above, it
is certainly too much to expect them to rescan the first page and upload it into the
system after changing the penciled marks. We could address this misalignment by
giving precedence to the online metadata over any.codes visible on the online page
images. Unfortunately, this misses the problem of printing. One of the advantages of
retaining a printable rendition of the scanned document online is that users can obtain
hardcopy without having to recover the document from the binders (say, if they are
working remotely). Once this rendition is printed, however, its'out of date codes may
lead to subsequent confusion. :

Techniques for mamtammg alignment

‘ i -

At any given time the shelves near the project ﬁles include stacks of documents in
need of coding or recoding, recoded documents whose metadata needs modification
online, scanned documents in need of filing, and the like. Sometimes these stacks are
labeled as to their status, sometimes not. Amidst the confusxon of piles of paper near
the project files, it can 'help to have at least one record of the hlstory of the processing
of the document easily readable. In particular, when encountering a physical
document a question arises as to whether it has been scanned and is thus findable
online. The work of scanning a-document now includes, therefore, the practice of
affixing a self-sticking blue dot'to the document’s upper right corner.

Another aid to recording the status of the document’s processing history is the
engineers’ choice to cross out rather than ‘erase the penciled UFS codes when
changing them. This can help with the task of aligning online metadata with the
codes on the physical document. If the online code matches the one crossed out on
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paper, one can usually assume that the new code on the paper reflects the most recent
change.

Technological possibilities —, » . o

Online metadata nclude “standard” ﬁling classifications relevant to the bureaucracy
of project management (Marshall 1998) or to schemes like the UFS maintained
across the enterprise. In some future world perhaps all relevant workgroups (e.g.
design, construction, archives, legal) could be assured access to the online project
files, which they could assume held the ‘truth” - the trusted values. But in a
transitional world like the one we encounter at the Department, where some of the
players depend on havmg versxons on paper or where paper is saved for legal
signatures and the like, the problems of paper and digital alignment will persist.

One simple improvement to the technology of alignment could involve the
automatic maintenance of a comprehensive version history. In particular, one could
obtain the time of any change to any property value in the repository. This record of

changes could be matched against the penciled values on the physical document to
resolve cases of misalignment between onlme and offline codes (Dourish et.al.,
1998).

A more radical change to both technology and practice would involve inscribing
machine-readable codes on each prOJect file document (Bloomberg, 1997; Barrett &
Maglio, 1998). Ideally, the code would be human-readable as well as machine-
readable so as to allow changes to be marked up on the physical document. To input
these changes to the system, one could swipe” the bar code or rescan that portion of
the image to prompt the system to brmg up the online rendition for recoding. If
desired, the document could then be reprmted with a new machine-readable code.

Toward flexible document métnagement

Several issues, we believe," should be considered by those who contemplate putting
document collections online in support of group work. We present the issues here as
a set of informed questions that together can be thought of as a kind of “due
diligence” for analyzing and enabling ﬂexxbxhty in workgroup document handling
both online and off.’ | >

Who scans; who codes; who searches7

Allowing flexibility with respect to who scans and who codes documents permits

] ! :
° Drawing on an ethnographic study, Marshall (1998) analyzes metadata along several dimensions that include
location, source, access, scope and temporality. We see our analysis as complementing hers, focusing on the day-
to-day practical and technological contingencies that enable and constrain the emergence of document coding
practices. “
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reconfigurable divisions of laborwithin workgroups. In our project, scanning has
been done almost exclusively by a part-time student intern, but we imagine that other
groups within the Department and elsewhere might make other choices. Coding on
the other hand requires the involvement of engineers on the project. While the intern
is able to assign date, source and recipient codes, project element and UFS codes
require engineering expertise and familiarity with the project's history.

Our web interface supports distributed access to the project files from individual
desktops. Nonetheless, most of the online searches to date have been done by the
intern on behalf of the engineers. The intern has become familiar with both the
coding and search interfaces through his experience in scanning documents, and
therefore is viewed as an expert when it comes to the particulars of our prototype.
We believe, however, that others will begin to conduct searches on their own as they
gain familiarity with the interface.

When are documents coded?

The experiences of the bridge replacement team in developing a working practice
around document coding suggest that the ability to code documents at various times
is desirable. Specifically, document coding in this case occurred at three different
times: before the document is scanned, usually by an engineer penciling in codes on
the first page or filling out a coding form; a the time the document is uploaded just
after scanning; or later upon encountering the document after a search.

Allowing coding and recoding at any of these times means that the system is able
to meet the organizational contingencies of filing and search. These can include the
need or desire to rush hardcopy documents into the system without taking the time
required for coding, or the need to recode documents following changes to the

metadata scheme or on discovering errors or omissions in a document's current
coding.

How much coding is necessary/appropriate?

An initial goal of our prototyping work was to allow documents to be added to the
system with a minimum of required coding. Early on, documents were entered into
the system with little more than a date. In order to enable physical filing, however,
documents must be coded with at least a UFS and a project element. Other codes
may be added at scan time or following a search.

The question of how much to code is an issue that is under debate within the
workgroup itself with some engineers taking the position that only minimal coding is
required, relying, on full-text search and UFS codes, while others support the idea of
coding as much information as possible. Our approach has been to build a technology
that accommodates either view, not casting any single perspective into stone through
our design. . -



