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ABSTRACT: This paper lays the groundwork for an investigation of the usability of eBooks with reference to the perceptual interface elements. To undertake the design of the experiment, I considered the history of electronic text and eBooks, collected information on existing research about the perceptual aspects of electronic text and documents, and generated arguments in favor of traditional design practices. In light of the growth potential for electronic text, it is vital to understand the perceptual elements of electronic documents, namely typography, interface design, and icon design.
I. HISTORY OF THE ELECTRONIC WORD

The age of the codex is over. The age of digital information is upon us, with all of its inherent opportunities and problems. Yet the history of digital text begins with the history of written text – tasks of recording and transmitting information forced a codification of symbols into shared meaning. Symbols were simple lines scribed onto stone and clay, then onto paper, by human hands. Gutenberg brought machines into the process, where they began to make their inimitable mark. Machines created profuse amounts of printed material, but the means of production remained in the hands of an elite few print shops and artisans. In the 1980’s, the personal computer changed that situation, and the advent of desktop publishing brought the means of production into the hands of the multitude. The masses gained the ability to produce the (electronic) word.

The electronic word has several consequences for future generations. Lanham [11] describes a crumbling of the Academy, as ever changing electronic text replaces definitive texts which currently form the foundation of learning. Further, because anyone with access to a computer also gains the ability to produce written material, anyone can be considered an author. Marshall McLuhan quotes William Jovanovich regarding the insecurity of authorship in a growing age of mechanical reproduction: 

“Quantity [of readers] declines as specialization declines. Eventually, every man will become at once a writer, publisher, librarian, and critic – the literary professions will disappear as a single man undertakes all the literary roles.” [14]
John Bidwell, in the introduction of Classical Typography in the Computer Age, remarks that not only will specialized professions disappear, but the quality of the material will suffer as untrained creators enact their ignorance on text: “Do-it-yourself typographers will be free to commit atrocities in the choice of types, use of ornaments, arrangement of the text, and other design decisions.” [2] Though the digitization of text has led to greater numbers contributing to production, it has greatly reduced the authority invested in the output. Digitization has also reduced the quality of presentation. The electronic word has already lowered the quality of reading overall.
II. AESTHETICS AND DESIGN

Donald Norman asserts that the aesthetics of an object correlate directly with its usability: “Use a pleasing design, one that looks good and feels – well – sexy, and the behavior seems to go along more smoothly, more easily, and better.“ [16] It is in the interest of designers to create aesthetically pleasing objects and documents to combat the general trend towards the opposite. Yet there is another factor besides beauty that increases usability – familiarity. You are most comfortable with what you are most familiar. Designers would also do well to make use of well established forms, to keep the familiar at users’ fingertips. “If conventions are thrown overboard, the danger arises that the text will become unreadable.” [24] Easily recognized shapes and pictograms, historically useful, when touched by a designer’s hand transform into images and letters that are fresh, engaging, and alive. “It is the similarity of all letters, yet at the same time the distinctiveness of each individual symbol, that yields perfect readability.” [24]

This idea of familiar and novel translates directly into information theory. The most usable things, those which have the greatest information potential, have a level of familiarity that allow users place newly provided material within an existing cognitive framework. A continuation of this line of thought applies to interface design. “We must design interfaces that (1) deliberately take advantage of the human trait of habit development and (2) allow users to develop habits that smooth the flow of their work.” [21] Without a healthy respect for what already exists and is known, designers cannot hope to convince users to adopt a better system.
III. EBOOKS

The configuration of information in eBooks faces similar constraints. Although many early adopters of eBooks are familiar with reading text from the screen, the transportable form factor and added functionality of e-book software differentiate it from standard electronic text. Cognitively, many users are unable to decipher whether and e-book is meant to be treated as a book or as a screen. A traditional book is its own interface: it has distinguishing characteristics of size, thickness, color, and texture. eBooks suffer from a lack of immediacy; the interface is locked away behind the screen. “The key to a usable interface is the proper balance between the qualities of paper and screen.” [12] Until we can discover the appropriate equilibrium between familiar and novel, eBooks will not flourish. This will cause it to fail both as an information resource and as a commercial venture. 

eBooks face physical problems in addition to the cognitive muddle. Current screen resolution is limited to less than 100dpi (72dpi for Macs, 96dpi for PCs and readers), as compared to 600-2400dpi or more for print. The legibility and readability of type on screen is significantly less than that on paper, in most circumstances
. Legibility is defined as word recognition, and readability as the amenity of text to continuous reading. Dillon reviewed other perceptual issues such as image quality, polarity, and anti-aliasing, but finds that perceptual differences were generally not significant between paper and screen [6]. Physical differences go beyond display, however. Users must be able to manipulate the text, to continue reading, annotate, or mark. The form factor of an e-book is not as conducive to such actions as paper. Though it is certain that technology will be able to address some of these physical issues, currently, readability is greater on paper.  


In the face of these fundamental issues it is difficult to understand why we would consider eBooks as a learning resource at all. But if we consider what an e-book is and what it promises to be in the future, we may be much more optimistic about electronic text. Rao’s eBook definition is extracted from a survey of definitions:
“Text in digital form or books converted into digital form or digital reading material or book in a computer file format or electronic file of words and images to be displayed on a computer screen or read on a computer through a network or view on a desktop/notebook/dedicated portable device or read on all types of computers or formatted for display on eBook readers.” [20]
This is a broad definition, which can be interpreted as any digital text – the electronic word in any form. eBook presentation is generally restricted to computers (whether viewed online or downloaded) or specialized hardware devices. eBook readers such as RocketBook, SoftBook, EveryBook Dedicated Reader, or software such as Adobe Acrobat or Microsoft Reader all constitute currently available reader options. eBook content is currently available through merchants such as Amazon.com, directly from publishers, and through free services like Project Gutenberg [20]. This is the current limit of eBook ability.

At present, the eBook only embodies a fraction of its potential. The electronic word is searchable, linkable, readable, and transformable. A discussion on the InfoDesign-Café email list suggested many improvements to the basic eBook implementation we find today. Above and beyond the search capability, which we have come to expect of electronic text, an eBook can act as a pronunciation guide, reading foreign or difficult words out loud (or through headphones). Multimedia enhanced instruction manuals can render complex explanations into simply comprehended video. Entire libraries can be stored in the drive space of one eBook device [20]. Notes can be created, collected, sorted and reviewed as a whole, rather than as marginalia requiring flipping and finding. eBooks have the potential to become fully integrated information systems. With ubiquitous wireless connections they can hyperlink to any additional information from any text. The full promise of an eBook is in its capacity for multifaceted information manipulation and personalization [23]. 


IV. TOWARDS THE FUTURE OF THE EBOOK

In order to make progress towards the future of the eBook, we must explore the reading process in regards to electronic text. Transformable text has significant implications for adaptable learning [11][7]. However, designers still do not know exactly what kind of processes an eBook can support. Our understanding of the reading task is not yet deep enough. However, we do know that however the information is created, it must support uses specific to the chosen material and the users’ reading goals. Different reading goals necessitate different types of reading actions, as described in O’Hara [17]. In particular, students reading a textbook will fall under the categories of Reading to Learn, Reading to Search/Answer Questions, and Reading for Research. These are three of the most common reading tasks, and all involve similar processes. Reading a textbook is a repeatable action, supported with note taking, highlighting, reviewing, reflection, and rereading [17].

The communicative aspects of type are of central importance to the comprehension of electronic word. At the root of Dominick’s experiment is the cognitive aspect of reading [7]. In contrast, this paper focuses on the perceptual aspects of the interface. The physical aspect of eBooks has already been considered. As technology improves, the physical aspect of eBooks will become less of a stumbling block. Human cognition and perception are not moving as quickly as technological innovation. They are the thornier problems, and the most worthwhile. Deliberation over the best interface for an eBook must take into account the book/screen dichotomy, and should take suggestions from interface and book design to fabricate the best combined interface. To that end, the following ideas have been pulled from traditional typography, HCI, interface design, and icon design as a prescription for elements to be included in the eBook.
V. TYPOGRAPHY

The form of the book has developed over 500 years at the hands of readers and printers alike. Traditional typography, embodied in the works of Tschichold and Bringhurst, is chiefly concerned with the readability of the text, and secondarily with the aesthetics of the design. However, because good reading is enhanced by good typography, designers strive for an amalgamation of the two. As with Norman, utility comes with aesthetic beauty, though not necessarily vice-versa. Tschichold had a powerful urge to reincarnate the past perfections of type in the modern day, reviving the Renaissance proportions of page and classic type faces. Though this is impossible to apply directly to the eBook, designers can take his principle point, “Comfortable legibility is the absolute benchmark for all typography,” [24] and apply it fundamentally. If designers are to maintain the quality of reading in an age of overwrought expression, they must at least adhere to the idea that “Good typography … is precisely the opposite of an adventure.”[24]

Bringhurst is similarly conscious of the great weight of history on type. “Typography at its best is a visual form of language linking timelessness and time.” [4] Bringhurst also requires sensitivity to the energy of a page – the interrelationship of space, type, color, and size. While this is also impossible to reproduce directly in an electronic environment, there are elements that can be translated. Bringhurst is less tied to history, and is more aware of the possibilities of typography in new environments. “[Typographic style] means typography that can walk familiar ground without sliding into platitudes, typography that responds to new conditions with innovative solutions….” [4] 


In traditional documents, typographic form and proportion reflect and illuminate the conventional structure of a text. Digital typography should do the same to maintain continuity amongst types of documents. Documents of a certain type should inherit similar typographic treatment from their paper counterparts to help consistently determine genre between paper and electronic text [6]. A good typographer will discover the “outer logic of the typography in the inner logic of the text.” [4] By applying the fundamental ideas of typography from Tshichold and Bringhurst, designers can approach the new medium with well worn tools. 

If we extract some of the more important points of typography that do not deal directly with type, we can see where the electronic word so often fails. Due to ignorance or wantonness, electronic text designers are not vigilant about headings, leading, spacing, margins, or structure. Though none of these elements deal directly with type (as most people think of it) they are integral to successful typography. Though electronic type designers are dealing with a new medium, it is still using representations of letterforms that are 500 years old. Their typographic practice should be equivalently reverential. Typographers struggle to make the page as quiet as possible, with an even color
. They must consider the visual layout of the page according to traditional concerns [13]. 
1) Leading should be commensurate with text measure: the longer the line, the larger the vertical space between lines [24].
2) Paragraphs should be indented by one em, or approximately 10pt for a 10pt font. Business writing usually denotes a paragraph with a line break. This breaks up a long text and reduces the ability of the eye to scan the document. [24]
3) Kerning is delicate and cannot be adjusted in existent electronic text. Choose a font that is not too widely spaced, as that will make reading more difficult. Likewise, do not choose a font that is kerned too tightly – it will be unreadable [4]. 

4) Margins: should be set wide, and the overall text measure should be narrow – between 60-80 characters per line.
5) Make the visible relationship between the text and other elements (photographs, captions, tables, diagrams, notes) a reflection of their real relationship.[4] Heading should be near their text block, but they should also be distinguished to show structure.

When we do turn to type, we find that there are few good choices for font display at current resolutions. Traditional print fonts do not work well on screen for several reasons. The most egregious complaint is resolution. The subtle curves of letterforms and the tapering of serifs are completely lost on a pixelated display. Although technologies like Microsoft’s ClearType [15] and Adobe’s CoolType [1] use sub-pixel font rendering to smooth the jagged edges from letterforms, they also blur the edges, reducing the crispness that characterizes print. Only higher resolution displays will completely solve the issue. Until that technology is available, users with screen optimized fonts, such as Georgia and Verdana, gain comfort and readability [26]. A study by the Software Usability Research Lab [22] provides evidence for the usability of such fonts, based on output measures such as speed and user preference. 


The study also provides evidence that sans-serif fonts are preferable for screen reading. This is a strongly held belief in much of the design world, even without research to back it up [28]. One explanation is that printed serifs traditionally taper. They exist as a smaller percentage of the letterform. Because fonts on screen are generally rendered in 2 bits (i.e. black or not black), a serif does not taper, and therefore takes up a proportionally larger part of the letterform, adding to visual clutter rather than acting out its usual role. Serifs are there to lead into the next letter and to tie the miniscules to the x-height line. A sans-serif font avoids all of the clutter, and simply uses appropriate kerning to form the coherency of its word shapes.

Classical typography can be applied to the electronic word, despite the technological and cultural constraints that exist. The major technological constraint is screen resolution. To accommodate the lower resolution of screens, typographers have developed screen optimized fonts that are specifically created for readability. In addition, advances such as CoolType and ClearType, and all 8bit font rendering, give the user better letterform definition than traditional electronic text. The major cultural restraint is the designer. Electronic text is a historically bonded medium. It is only by holding to tradition that designers can hope to create a usable product within the new medium. To overcome this cultural obstacle we need convincing empirical research that demonstrates the benefits of applying traditional typography to electronic media.

VI. HCI AND INTERFACE DESIGN
The interface of an eBook lacks the familiarity of a traditional book in almost every sense. eBooks can come in several form factors, none of which have the same affordances. Therefore, they are as foreign as an art book may be from the Projet Mobilivre [19]. But because an eBook interface is meant to support reading (or learning, or researching), it must conform to expectations – learning the interface is not the end user’s goal. The best solution is not one in which convention is cast away, but instead, is an interface that takes advantage of existing standards. Though the state of interface design is hardly at the point of measurable definitions, there are several excellent models of interface design that should be considered for eBook interfaces.

Traditional methods of interface design developed during a time when software products were created by engineers without much regard for user testing. Testing came towards the end of the cycle, once a usable prototype had been created. This, however, was expensive to change, and frequently was not changed, despite poor usability. As an alternative, user centered design has become significantly more widespread in the last twenty years, with notable proponents Jakob Nielsen and Donald Norman among the leaders. It is well accepted now that for individualized tasks, the user is best suited to design the interface [8]. Participatory design would be particularly enlightening for a task such as reading. By extracting highly individualized process measures, then consolidating them into models, designers can begin to visualize users’ interactions and problems with eBooks [8]. 

Dillon proposes a user-centric framework to guide the development of usable documents. The framework acts as a formal process, a pattern language [3], and a guide to conceptualization [6]. The framework presents four reading models that represent the elements of a whole reading process: 

1) Task model: defines the reading task

2) Information model: a mental model of the information space and its affordances

3) Manipulation Skills and Facilities model: manual or mechanical dexterity required to move throughout the text in support of the other models

4) Serial Reading Processor: the physiological/psychological act of reading, encompassing word recognition and meaning extraction.

If designers can create documents that fulfill the requirements of all parts of the framework, and permit easy translation between models, then they will have created successful, usable electronic documents. 

The models in Dillon’s framework are just one of many different options available. Designers have the opportunity to pull directly from the experience of the people who designed the first GUI interfaces. User centered design is the bottom up search for the perfect interface. But the natural and intuitive interface that designers strive for is nothing more than a familiar interface, optimized for the users’ work flow. Raskin, one of the original GUI designers has many suggestions for a humane interface. His strongest argument is for a zooming interface [21]. This, he promises, would alleviate the greatest single problem with the eBook interface: navigating through cyberspace. By pulling away from the details of the electronic page, a user can gain a more cohesive view of the documents structure. This view will open up the texture of the book, and bring the larger elements of the document into clear focus. As noted in Dillon, O’Hara & Sellen, Raskin, and others, navigation is the single largest impediment to easily reviewing documents in cyberspace [6][18][21]. According to Kintsch and van Dijk, obscuring the macrostructure makes it more difficult for users to comprehend documents [25]. The proposed zoom out interface allows a user to see the texture of the document, which gives designers incentive to invest in a typographical style, and remain faithful to existing genres. This is the kind of interface we can hope for in the future. 
VII. ICONOGRAPHY

The beginning of iconography predates the formation of letters by several thousand years. Yet the ability to understand today’s GUI icon is occasionally as difficult as trying to decipher ancient hieroglyphics. The task of the icon designer is to make an arbitrary arrangement of pixels make sense to an end user. When icons are created without regard for the presentation context, they will inevitably fail. When they are created without reference to known objects, they must be learned, and will likely fail unless the cognitive and perceptual bonds are both strong. The reason icons such as the pointer, the hand, and the smiling Macintosh are with us today is not simply because they were there at the beginning. 


The first GUI was created at Xerox’s PARC, but it was the Macintosh computer that brought the GUI into publicly acknowledged existence. The designer of the iconography of that original interface has influenced the look of our systems to the present day [5]. A well designed icon not only has particular physical features that make it presentable in small pixel dimensions, but it embodies the very idea of simplifying complexity in its imagery. For example, the rotary telephone is instantly recognizable, yet it is rare to find one in real life. The filmstrip is still common, even in the icons of digital cameras. “The more sophisticated technology becomes, the greater is the need to express it in everyday terms to reassure the user.” [5] Because we can be sure that the eBook interface will be graphical and filled with text, it behooves us to consider the best way to implement icons, rather than labels that will support the reading tasks, such as annotation, navigation, and marking. 

It is important to note that icons are not good at representing all ideas. While they “contribute to visual attractiveness of an interface and, under the appropriate circumstances, can contribute to clarity,” [21] they can also fail. When they fail and require explanation, an icon is simply another level of interference between the user and the task. It is best to combine icons with labels so that users can gain distinct understanding quickly. However, within the context of large amounts of text, an icon should not have a label – it must stand on its own imagery.

If an icon’s design is indistinct, almost nothing will make it work. To keep traditional desktop icons distinct, the designer must maximize:

1) the size of the objects in the icon

2) the familiarity of the objects in the icon

3) the clarity, uniqueness, and completely of the objects in the icon to represent it’s referent

4) shared features between icons performing similar or paired functions

5) the associativeness of the icon to its referent.

and must minimize:

1) the use of color

2) the shared features between icons performing different functions

3) the confusion of icon to represent its referent [10]
Another major consideration is the overall consistency of the availability and position of the icons. If icons represent menu options, or quick tasks, they should remain rigidly consistent so that users can become habituated to their use [9]. Screen real estate in the eBook interface is guaranteed to be precious. This does not preclude the use of icons, however. As long they are small, effective, and visually distinct, icons can serve a central role in the usability of eBooks. 

VIII. EXPERIMENTS ON THE PERCEPTUAL ASPECTS OF EBOOKS
Jay Dominick’s research approaches the evaluation of eBooks using cognitive measures to compare eBooks to traditional texts in terms of use patterns and user satisfaction. I have chosen to concentrate primarily on the perceptual aspects of the reading experience, by contrasting the state of electronic text design with traditional text design, and by considering interfaces and icon implementations for electronic documents. Thus far my line of argument has lingered on the general; now I wish to apply the ideas described above to the Vitalsource Key eBook used in Dominick’s study. 

The EBONI Project [27] has created a methodology that can be divided into several simple tasks that will allow me to appropriately match my level of expertise and resources to a particular evaluative method. Their methodology is built on four stages: 

Selection of material: in this case it will be excerpts from the Vitalsource Key eBooks bookshelf. The text selection will be compared with other text selections in different formats. The material will be of similar reading level, since it will be from the same book, but the style of presentation will differ according to three variables:

1) font face: serif vs. sans-serif. I am interested in replicating results similar to those in the Wichita study, where Arial was chosen over Verdana, and both were chosen over serifed faces. 

2) typographical treatment: different spacing, leading, margins with the same type face. Given similar text excerpts with similar elements, I would like to compare the original Vitalsource Key typographical design with an alternative design that takes into account my interpretation of traditional typographical styles. Those styles will be lifted intact from Bringhurst’s lengthy recommendations about type design. The font will remain constant. 

3) font and typographical treatment: a combination of different font faces with similar typographic treatment. This would be a combination of the two previous alternatives, and would compare a completely unaltered text selection to a text selection that has been modified in font and typography.


Selection of actors: study participants will be volunteers that receive a monetary benefit not exceeding $10 for their participation in the study. I expect the volunteer pool to be made up of undergraduates and interested graduates in the SILS program. In either case, the material provided for evaluation will not be known to them. Preliminary questionnaires will allow me to collect basic demographic, non-identifiable data about the participants. I will be the principle evaluator and adjudicator of the experiment. It is not required that I know the material to any depth, though I must be able to evaluate perceptual errors made by the study participants. All material and evaluative methods will be based on the extant text in the Vitalsource Key Bookshelf.

Selection of tasks: tasks for this experiment will include
1) Scavenger hunt: Users will be asked to find a series of words that are located in several locations throughout the text passage during a timed session. The goal is to differentiate the reading speeds according to the primary variables in the selected material presentation. It will be judged by time it takes to complete on judgment task and the number of tasks that are completed in the allotted time.  

2) Memory tasks: This more intensive task will be based on participants reading a selection and answering questions about the passage. Questions will be taken from the review questions at the end of each chapter of the Vitalsource texts. Domain familiarity will have a bearing on the outcome of this test, but I will be looking for differences between the comprehensibility of different typographic formats. It will be judged by number of correct answers minus the number of incorrect answers to the review questions from the end of the chapter. I do not expect to find a great deal of variability between formats, but I am curious whether the typographical treatment will make the structure and texture of the document more obvious.


Selection of evaluation methods: the evaluation methods will include interviews, subjective satisfaction questionnaire, think-aloud protocols, and behavior observation. The behavior observation will be through equipment in the IDL, and will be used in conjunction with the think-aloud protocol to understand the process measures that participants used to navigate the material. The interview and questionnaire period will follow the experiment and last only about 15 minutes. The questionnaire will be concerned with which material presentation they found to be the best, which they would choose for their own set up, and how they rated the test material. The interview will be sanctioned for participant’s questions, as well as allowing me to clarify any questions about observed behavior or experimental inconsistencies. It will be more of an exit interview than a particular search for information. This is a comprehensive collection of the EBONI methodological evaluation techniques, and will serve me well in determining the quality of my experiments, as well as the outcome of my research.
IX. CONCLUSION
The traditional domain of typography and the newer fields of interface design and icon design are valuable resources with regards to the creation of electronic text documents. eBooks, as broadly defined as they are, can only benefit from incorporating the centuries of experience available from the world of traditional book design. Interface and icon design should bolster the function of typography and collectively the fields can make reading electronic text a better experience. User’s habits and current knowledge are the most valuable ingredients in the success of an interface. We can hope to create successful electronic documents only by paying homage to that reality. There are several key evaluative methods that will help designers reach their goal of successful electronic text. Technology will eventually conquer the physical aspects that currently inhibit moves towards electronic text. Investigation by Jay Dominick and others using a cognitive framework will uncover the psychological requirements of success for electronic text. It must be up to the interface designers and digital typographers to unveil the best form of the perceptual elements of electronic documents. Though the electronic word promises to bring sweeping change to our society, it can only succeed if its creators adhere to tradition.  (
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� it is noted in Dillon [6] that for certain text recognition experiments screen reading was not noticeably slower than paper.





� Color refers to the shade of grey you see when you hold a book at arms length and squint your eyes. If the page is very light colored, the leading is too large. If there are spots of white, the word spacing is too wide. If it is very dark, the spacing is not large enough. The ideal shade is middle grey.
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