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Abstract

Current computer tools are normally designed either to aid reading, such as browsers, or to aid writing, such as word processors or editors. Here we explore ideas of electronically integrating reading and writing, which could bring benefits to all in education — where reading and writing are such vital activities. A prime mechanism for achieving the integration is a generalized form of annotation. 

Publishers deal with documents.  When we deal with documents, the two basic skills, reading and writing, are often used in combination. One combination is writing-while-reading: writing annotations on the document being read; often these annotations are attached to a fragment of the document, say a word or sentence.  The complementary combination is reading-while-writing: when writing , an author reads other documents and perhaps copies parts of it (e.g. quotations) into the new document.

Sometimes publishers deal with paper documents and sometimes electronic documents.  This article compares these two worlds in their capabilities for combining reading and writing, and looks at potential future improvements to the electronic world.

Writing-while-reading

Some annotations are ephemeral: an author writes an annotation as an aid to reviewing a document, and when the review has been done the document is discarded.  Often, however, annotations have a potential usefulness over many years: a researcher may read a document that was annotated five years earlier and still find the annotations invaluable.

Creating annotations on paper documents is trivially easy, and they are ideal for ephemeral annotations.  For  long-term usage they are less good, as the annotated paper document needs to be found.  They are also hard to share with colleagues at other sites.

For annotation of electronic documents the position is reversed, electronic annotations are much harder to create, but, once created, can be placed, together with the underlying document, in repositories that allow easy search and retrieval.  Electronic annotations can easily be shared, e.g. by e-mailing or publishing on the web.  

Most electronic annotations only work for one type of document.  Thus there are systems that support annotation of web pages, like Annotea (Kahan et al 2001) and iMarkup (IMarkup, 2003); alternatively Microsoft Word offers annotation for Word documents. 

Reading-while-reading

In terms of reading-while writing, the electronic world is better than paper, in the sense that cut-and-paste can be used to insert quotations from other documents, and hypertext links allow cited documents to be accessed readily.  Nevertheless overall the electronic annotation world has not realized its potential.  The title of a paper by Ronchetti (2002) says it all: Why web page annotation tools are not killer applications.

Improving the electronic world

The theme of this article, is that it should be possible to make the electronic world better rather than worse than the paper world for integrating reading and writing (Brown & Brown 2004). This article identifies opportunities and threats to achieving this. In total it identifies seven opportunities and three threats. The article is essentially concerned with ideas, though we make brief reference to some practical work we have done. 

Opportunity 1: proactive suggestions

A fine example of the future potential of electronic annotation is work at MIT by Rhodes & Maes (2000).  This shows that annotation has a use in aiding reading-while-writing.  Remembrance Agents help an author, while writing, by making suggestions as to work they should read, as it appears to be relevant to what they are writing.  These suggestions appear as annotations – annotations created by the computer rather than by the user.  Care is taken to minimize the intrusive of the annotations.  Feed-back showed that these computer-generated annotations can be a novel and effective aid to authors.

Opportunity 2: lifelong annotation 

Our second opportunity applies to writing-while-reading, and particularly to annotations (or whatever else) that are written to add value to what we are writing. The purpose of writing a annotation, whether electronically or on paper, is that the annotation will be visible when the underlying document is re-read. This re-reading may be soon after the annotation was made or months/years later. For any project that lasts more than, say, a week, and requires background reading, every student soon discovers the value of annotating the documents read. These annotations may capture the student’s opinion (‘I disagree’), relate the document to another (‘This re-enforces X’s conclusion’), 

A repository can also capture pro-active suggestions made by, e.g., a Remembrance Agent. Some time after the original writing, the author might want to take a more reflective look at their work, and look at suggestions made when the work was first created (these suggestions relate to the dynamic way the document was written, and thus need to be captured at the time). 

Threats

Having identified two opportunities, we will balance them by looking at threats. We have identified three threats, and will look at them together. The three are: 

1. paper is easier: the previous discussion has identified annotation as a key technology for our vision of integration. However, users much prefer to annotate paper artifacts rather than electronic ones, whereas our integration applies to the electronic world. This is a serious threat, but in the next Section we discuss a possible future opportunity to combat it. 

2. breaking the flow: when we are reading we do not like to be interrupted; an interruption of more than a few seconds is detrimental. The same applies even more strongly when we are writing. In both cases we do, of course, like to have the occasional break, but under our own control. This threat relates to the previous threat: people prefer to write annotations on paper because such annotations can be done quickly, without breaking the flow. When the user is writing, any proactive annotation system that distracts the user’s attention by making suggestions starts with a big negative cost. Thus the suggestions that are made must be good to combat this cost.  Breaking the flow is a particularly strong threat in education where material may be difficult and both reading and writing require extra concentration.   On the other hand, because of the difficulty, the user needs help: thus the opportunities are magnified too. 

3. change: if annotations are stored and later re-used, the underlying document may have changed in the meantime. We discuss this issue, which threatens our second opportunity (the use of a repository), towards the end of the paper. 

Bringing the paper and electronic worlds together

We have implicitly assumed up to now that paper annotations apply to paper documents and electronic annotations to electronic documents. However, work at Cambridge University Computing Laboratory (Brown, Harding, et al, 1998) has allowed electronic annotation of paper documents (and, in principle, vice-versa). The work uses the The Digital Desk can also support annotations made by the student. When creating an annotation of her current paper document, the student can first specify the anchor of the annotation: this is done by dragging over the anchor using a device that can be recognized by the Digital Desk’s camera. The student then supplies the annotation itself, either as text or by drawing. The computer remembers the annotation, and when the student next opens the same book on the same page it duly highlights the anchor, and projects the annotation onto (or beside) the page.  . . .

 Sharing of annotations

When we want to share a document with others, there are plenty of easy ways of doing this. We can, for example, e-mail it or mount it on the web. There are some products to help collaborative working on documents, but they are not currently widely used — even when documents have collaborative authorship. The reason is that Computer Support for Collaborative Work (CSCW) is hard, and brings a host of new issues. Above all it is hard to make CSCW systems easy to use, compared with personal systems. 

 Enhancement-annotations and edit-annotations

In a previous paper (Brown & Brown, 2003a) we have identified two forms of annotation. The commonly-supported form is what we call an enhancement-annotation: here the annotations are essentially icing on top of the original document; the original document remains entirely visible. The second form is an edit-annotation, which is an augmented form of an enhancement-annotation that allows deletions, insertions, and replacements in the original document. Thus a set of edits, as performed by a text editor, could be represented as a sequence of edit-annotations. 

Multiple sets of annotations

Earlier, when discussing the Digital Desk, we outlined a grammar-teaching application. One of the features of this application is that there was a large collection of potential annotations provided, covering all the grammatical constructions in the underlying document; the user (or the courseware) chooses which annotations to show. As well 

Capturing the user’s preferences

The information explosion is a huge problem in education, as in other fields. An approach to taming this is the use of agents that, knowing the user’s needs, automatically supply the user with appropriate documents — perhaps with relevant sections highlighted — and filter out unwanted ones. The problem is capturing the user’s needs: most users are reluctant to fill out forms, etc., so the needs largely have to be captured automatically.

Issues of change

We now return to our third threat: change. We discuss this now, at the end of the paper, because it is such a ubiquitous threat. When we annotate a document the annotations are normally saved separately from the underlying document — indeed this is mandatory if the underlying document is not owned by the annotator. After the annotations have been saved, the original document may change over time, unknown to the annotator. In particular the positions where the annotations should go, the anchors, might change or disappear. (Worse, the underlying 

Summary 

Our analysis of electronic integration of reading and writing has identified three threats, all described in Section 4, and the following seven opportunities: 

1. to use pro-active suggestions to help both reading and writing. 

2. to exploit the benefits of a repository that stores all annotations. 

3. to use technologies, such as the Digital Desk, that bring paper and electronic worlds closer together. 

4. to throw away all the baggage associated with collaborative annotations, and concentrate on personal ones. 

5. to generalise the notation of annotation to include editing, and to provide flexible user interfaces that allow annotations to be displayed either in-line or out-of-line. 

6. to add richness to annotations by allowing multiple sets of annotations and by giving them data types. 

7. to capture automatically the user’s needs. 

This paper — and our limited practical experiments to test certain aspects of the ideas — has merely scratched the surface of what we believe to be an exciting field for the future. We believe that there is a host of opportunities to produce new software tools that throw away pre-conceptions that reading and writing are disjoint activities, and produce radical new aids to students. This applies especially in higher education, where reading and writing are such important activities. As with any opportunities there are pitfalls, as exemplified by our three threats, but an awareness of the enemy is a great aid to defeating him. 
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