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Abstract

This paper introduces our design process for new tools and interaction techniques that leverage traditional interactions with bound paper. Such existing, physical interactions with bound books have evolved over hundreds of years, providing a rich history that we can use to inform our design of new computing technologies. We present our development of three design principles based on historical and anthropological analysis of people’s interactions with bound paper in the form of books and notebooks. We then describe our preliminary design for a system based on these principles.
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Introduction: Why Paper?

Bound pages – books, notebooks and sketchbooks – are arguably one of the most important social artifacts created by humans. Although multiple researchers, novelists and journalists predicted the eventual disappearance of paper throughout the last half century [7], not only has paper remained in use [11], it often bears more legal weight than its digital counterpart. Some of our most critical ventures, such as voting and banking, require paper records to maintain accountability and security. Even Battlestar Galactica, the popular science fiction mini-series, currently reflects this sentiment, depicting paper use as a product of future humans’ need for protection against networked attacks. The implication is clear: the physicality of paper is important [7, 8, 11]. But how can we learn from its form, interaction and use?

Our nuanced physical interactions with bound books have evolved over hundreds of years, providing a rich historical background that we can learn from and apply to new computing technologies. In reference to paper use, Sellen and Harper note, "one can treat its use as an indication or a way of learning about how things might be done differently and, in particular, how technology might be better designed” [7]. Observations and analysis of our interactions with paper sketchbooks, notebooks and bound books can help us identify elements of paper that we can apply to the design of new interaction techniques.

Related Work

Numerous researchers in human computer interaction and ubiquitous computing have investigated how books can be augmented to address additional needs and social functions. Augmented notebooks have largely relied on additional physical interfaces or external devices that enable interactions traditionally foreign to our behavior with books. For example, Stifelman’s augmented audio notebook required note takers to interact with input pads (i.e. touch sensitive pads installed along the note book’s y-axis) to interact with captured audio [9]. Other audio notebooks have added audio capabilities requiring an external device for input as well as output [6, 12]. These tools focus on providing a new tangible, visual input and output for triggering audio information but do not take advantage of our interaction with the paper itself.  ButterflyNet [13], a system for field biologists, provides a tangible method for integrating both digital and paper-based information.  Although the tactility of paper plays a role in the design of ButterflyNet — paper is the medium of the interface — natural paper-based interactions such as folding pages, bookmarking and highlighting are still largely unexplored.

Historical Analysis of Paper

In order to understand how, when and why we use books, historians and anthropologists have long studied the physical attributes of books, including their material form, their environmental setting and the physical context of their use (e.g., a person’s physical position while reading or writing) [2, 3]. By studying people’s techniques for marking books, researchers have investigated how particular passages have influenced the absorption of their content and sparked innovation [6]. Hiroshi Ishii has described physical paper as leaving behind "vestiges of [one’s] physical presence,” adding emotive and affective value to the paper’s built-in informational value [5].

Myriad interactions with bound pages are possible depending on its form and function. Interactions are performed (or not) depending on the physical constraints of the paper as well as an individual’s practices, traditions and values. Traditional manipulations of bound pages include: dog-earing and folding pages, underlining or highlighting passages or areas of pages, mark making, note taking, sketching, book-marking, and tabbing. Such interactions may be achieved through implicit or explicit means: a person may consciously dog-ear a page to keep his or her place or mistakenly dog-ear a page and implicitly find the page later on.

According to historian Lorraine Daston, additional aspects of texts that can be analyzed include: "the various editions of a work, including their format, print runs, and distribution; the physical traces of reading left in books, from Newton’s dog-earing to Darwin’s ripped pages; the apparatus of notebooks, marginal annotations, commonplace books, indices, and other ways to organize and distill reading; the architectural plans and diaries that show how special spaces and times came to be dedicated to reading" [3].

By studying our physical interactions with bound books, human-computer interaction researchers can leverage an understanding of our interaction techniques to design new tools that support existing social and information processes. Here we discuss three physical traits of bound pages and three design principles informed by our behaviors such traits. 

Dog Ears

Observation

Unlike metal or plastic, paper is a flexible, malleable medium. ‘Dog-earing,’ the physical gesture of folding down (or up) the corner of a page in a book, provides a variety of useful functions within bound books. We creatively fold pages in our nooks to mark our place, keep track of ideas [2], or even point to a particular word [4]. Some users will not only crease but permanently damage the paper itself: noted biologist Charles Darwin ripped pages in his notebooks to use as markers [3].

A manifold of social functions are performed through folding pages of books. The ability to flexibility associate form with function is a characteristic unique to physical material such as paper. Unlike paper, digital note-taking applications (e.g., blogs or word processing software) limit our ability to spatially manipulate information. These folding interactions apply to the whole page, but can be ambiguous in that the user must create their own "folksonomy" for what different folds mean.

Design Principle

1. Our interactions should enable implicit and explicit manipulation of information.

Just as folding over the corner of a page changes its thickness, stiffness and form, it also allows us to find that page more easily. By altering the form, texture and weight of materials, people can perform multiple actions, some less conscious than others. Changing material properties of objects can take advantage of our tactile memory, or subtly draw attention to an object, helping people find information more easily.

Dust Jackets

Observation

Whereas bound pages are viewed by the person reading or writing on them, the book itself is a social artifact, concurrently presenting itself to other people in its environment.  While one person reads a book, another person nearby can glance at the book and determine from its spine or dust jacket what type of book it is, what the title is, who the author is, whether or not it is well-reviewed, but even social attributes, such as (for locked journals) that the book is not meant to be opened by anyone except the person with the key.

A book's Dust Jacket can serve both a practical and social function: it protects the bound material from literal dust, dirt, rips and scratches while hiding the content of our bound material from our neighbors. The jacket enables us to mask a social function with a practical one using the jacket's physical form. 

Design Principle: 

2. The design of surfaces must consider social signaling. 

Designers can provide practical methods for safekeeping that also become public presentations of self [10]. By covering and concealing the standard look and feel of common objects, (e.g., by using covers, cases, and cozies), designers can take advantage of materials that personalize such surfaces.

Page Tabs

Observations
The depth of the book, the dimension that indicates its thickness, can imply the "weight" of its contents (i.e. its number of pages). The depth can help a reader get a sense of where they are in the book relative to its front and back cover, its beginning and end.  When pages contain tags or markers along this axis, the depth can help people recall on which page a certain piece of content lives. Not only does this call upon our knowledge of related, nearby content displayed on the page, but also the tactile memory of where that passage is in books.

Using tabs attached to individual pages, pages can seem to “jump out" of the side of a book, indicating where the marked page is located. By calling attention to points in along depth of a book we can get a sense of where we have left marks, rather unconsciously differentiating the marked content using our spatial memory. 
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Figure 1: Designers can leverage the sides of the display surfaces to help spatially orient the user.  In the case of books, spines and the edge of pages are used for this function.
Design Principle:

3. Objects can use the edge of surfaces to help spatially navigate through information. 

Designers can use under explored surfaces and edges to signal relevant information. By highlighting points on edge of objects (e.g., using lights or addition markers) designers can leverage of our spatial memory.  

Application to Technology

In the previous section, we used observed existing interactions with bound paper to generate design principles. While exploring future design concepts, we applied these principles to a paper-based system called Paper Trails. Paper Trails is a tool that allows its users to experience the connections within tangible personal archives, i.e. bound pages in both books and user-generated notebooks.

Using the physical affordances of paper, the user can access information outside the notebook by connecting related materials within and between notebooks through physical gestures on paper. We have built a conceptual prototype sketchbook that simulates the tangible interaction.  To create links or associations between different lines of thought within the same project, the user squeezes the Paper Trails pen and gestures over the related content on the page.  The user then immediately repeats this gesture on another page to create a "link" between the content.
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Figure 2: Paper Trails’ book and pen system creates hyperlinks between tangible information spaces.
Applications for such links include connecting the end of one sketchbook to the beginning of the next or creating references to related ideas within and between notebooks and books to help yourself or others to view and understand the connections branching out from a particular area of a page. 
The user can then retrieve the linked content by rubbing the linked area of a page.  This activates the links, illuminates the edge of the linked-to page, and stiffens the page, becoming a bookmark among its adjacent pages. Such interaction draws from our first design principle: Our interactions should enable implicit and explicit manipulation of information. The user navigates through the book to find what they are looking for by finding the page that feels different, retrieving information through implicit interaction similar to the dog-earing practice or using traditional bookmarks. 

Other concepts that apply bound paper based interaction to other forms of technology include:

· A flexible laptop screen that enables people to turn up and down corners in order to mark content they want to return to later, currently displayed on their screens. As people revisit the displayed content, the dog ear slowly unfolds, tangibly signaling the completion of a task.

· A device “jacket” that covers our computing devices and cell phones and protects them from unwanted marks and scratches while simultaneously projecting a social message that is explicitly controlled by the device owner.

· Allow users to use the three-dimensionality of a laptop to "see" how full your hard drive is (or email is) by looking at your computer from the side.

· "Tabs" that sit on the side of a laptop. People active them in order to pre-select which desktop you want to open up your laptop to when you open the hinge (for multi-desktop systems).

· Navigating through virtual documents using a physical book by changing the amount that a it is open or closed.

Future Work

For our CHI work-in-progress paper we will design a system that applies the design principles from our observations of users' interactions with bound books to new forms of technology.  We will also specify the types of technology whose design could be motivated by our design principles based on bound book interactions. 

As we submit our CHI paper, our future work will detail how we plan to implement our design concept and conduct user evaluations to verify the validity of our design principles. 
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