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ABSTRACT

We present TouchMark, a set of page navigationnigcies that
preserve some of the physical affordances of pdmaks.
TouchMark introduces physical tabs, one on eack sidthe
display, to enable gestures such as page thumbimd a
bookmarking. TouchMark can be implemented on aetarof
electronic devices, including tablet computers ¢aqutops, by
augmenting standard hardware with inexpensive $enso
Keyworbps: Document  navigation, revisitation,
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1 INTRODUCTION

With the advent of the Amazon Kindle [11], electimiook
readers have recently emerged as a serious coarptetipaper
books. The success of e-book readers is, at leagpait,
attributable to the way in which their displays riana paper
reading experience. However, when compared to plapeks,
most e-book readers leave a lot to be desired wetfard to
navigability. For example, placing and locating koarks on
the Kindle requires users to navigate through ao$anenus
using a 4-way button controller. This process does mimic
common page navigation techniques used in real rpape
documents. According to O’Hara and Sellen [13], afehe
reasons why navigation is superior in physical doeots is
because the physical interactions allow users tdd bup
incidental knowledge of the location of informatiomithin
documents. Paper navigation involves the physiealdling of
the information through flexing and turning of pagevhich is
not possible with the current generation of rigidnE displays.
With the dawn of flexible display technologies swuhFlexible
E-Ink, and Flexible Organic Light Emitting DiodeBQLEDS)
[6], opportunities are emerging to improve someigational
shortcomings by adopting physical affordances ef glestures
deployed in flexing real paper documents. Althoulgere has
been considerable research in the adoption of gphlysi
interaction in e-book readers [4, 9, 14, 15, 17, it&as so far
proven difficult to demonstrate the efficiency ohese
techniques empirically, as compared to traditiorhniques
such as scrolling and menu navigation. Part of¢lason for this
is that there are some inefficiencies in the waysptal paper is
handled. For example, a physical page turn is sieny

compared to a simple refresh of a page on an el&ctscreen.
Our approach is to mimic the look and feel of flé&idocument
navigation without attempting to copy the ineffitiées inherent
with physical handling of paper.

In this paper, we discuss a specific set of naiogat flexing
techniques, mostly focused at bookmarking. Booksagkse
navigation between previously visited pages. Acicgrdto
Alexander et al. [1], an average of 10 bookmarkseco
approximately 80% of document location revisitasiomn the
TouchMark design, we limited the number of bookrsatkat
can be deployed, and provided a single physicahsmé&aaccess
bookmarks. TouchMark supports the use of physiestuges
such aghumbingto navigate to the previous or next page, and
fingering to place and retrieve bookmarks in a document (see
Fig. 1). It does this through two flexing touch sers, ortabs
that are attached on the side of the display aat rtiimic the
feeling of a previous or next page. The left tabviies access
to the previous page when touched from above andhé¢o
previous bookmark when touched from below. The triggh
mirrors this behavior for forward navigation.

2 RELATED WORK

2.1 Electronic Book Readers

Wilson and Landoni [18] compared the navigatiortfire set
of four electronic book reader applications. In ithe
recommendations, they indicated that bookmarks ldhde
simple to achieve, and should adhere to the papak b
metaphor. According to their study, careful desigibutton and
dial placement for page navigation improves perforoe in
such tasks. In their evaluations, users of devibas employed
dials commented that they felt they could readefasBimple
"page forward/page back" buttons were also consdler
intuitive, but button size mattered. It appears ki one of the
ways in which the Amazon Kindle may be consideredatl
short: its page turning buttons are placed on ibde sf the
screen. Their width, and thus their Fitts’ Law &trgize, are
minimized so as not to consume valuable screen astte,
making acquiring and pressing these buttons wighttiumbs a
less than lightweight action. Marshall et al. [I#jserved that
most paper document navigation interactions ateMigight.
Harrison et al. [9] describe a user interface falogument
navigation task that features a similar approach page
thumbing as TouchMark. Their interface detectedkitig
movements by fingers through pressure sensors yiplon the
top left and right corners of the display. Afterflek was
detected, the document was moved to the previonsxirpage,



Figure 1. Common physical navigation behaviors: Thmbing to the next page, bookmarking a page with théngers, and moving
back and forth between two fingered bookmarks.

depending on the direction and location. While tteishnique
simulated the kind of movement used when flickinghgsical
page with the finger, it is not necessarily the meficient
technique for paging through a document. The reémsothis is
two-fold: Firstly, the movement required in compiet the
gesture takes more time than the theoretically nedftient
technique, an in-place tap. Second, the pressursoge they
used required a certain amount of force to be geglowhich
led to friction. Consequently, users reported thishnique was
not as lightweight as flicking through paper pages.

Chen et al. [4] discuss their use of flipping arahrfing
navigational techniques for electronic book readénstheir
system, two small displays are joined togetherughoa hinge,
providing some of the physical affordances of aepapook.
Their interface mimicked the turning of physicabpa.

However, the reason why physical page turningegatt as a
navigational interface is that real paper is ext@gnightweight.
Their techniques required the entire display tofdided, thus
requiring gross motor movements. The authors ineécdhat
they might have borrowed “too literally” from bodakteractions,
particularly given the size and weight of their dev

One of the few projects to propose actual physical

deformation of the display as a navigational teghai was
Gummi by Schwesig et al. [14,15]. Gummi is a flégibisplay
mockup in which bending of the display was usedzimoming
in and out of information displayed on the screBme interface
was implemented using a rigid form factor displag a flexible
sheet of acrylic augmented with two pressure sengauthors
did not report on use of this interface for pageigetion.

In PaperWindows [10], Holman et al. simulated ttse wf
flexible display surfaces for page navigation bgraenting real
paper with projected images. This was accomplighetlacking
the shape and location of paper documents usingpatEn
vision. Pages could be navigated by folding ovpaper sheet.
This action required gross motor activity, reduditsgefficiency.

Similar in nature, Watanabe et al. [17] discussesKkisheet, a
set of flexible input devices made out of sheetshaf acrylic
augmented with bend sensors. Bookisheet could ateithe
turn of pages through bends. Bookisheet changewebat
discrete jumping and continuous scrolling modesbtagon the
degree of bend between the two pages that compesegetice.
Bookisheet also features “finger-bookmarking” whigtovides
temporary bookmarking while a sensor is pressed.

2.2 Navigation Techniques

While they may be more elegant, it appears diffiéul physical
navigation techniques to improve upon the efficieatsome of

the highly refined techniques deployed for naviugati
documents in traditional Graphical User Interfacks.per our
review, when designing physical navigation integfgcthere are
two important caveats that may stand in the wagesieloping a
highly efficient technique. Firstly, it is importarto literally
keep the physical interaction lightweight, avoidiagy strain
placed on the fingers through friction or mass. oBety, for
efficiency, it is important to avoid the large mawvents often
observed in traditional navigation of paper docutsen

This is because GUI techniques, such as Footpfibts
require no physical motion of the display, and dgphighly
optimized inputs for hand movements. Footprintsltbupon
traditional scrolling interfaces by automaticallyreating
document location markers whenever a user pauses at
particular location in a document for more than tseronds.
The left and right arrow keys allowed users to drae
backwards and forwards through these markers irotter in
which they were most recently visited. This is ghty efficient
method as long as the fingers are kept on the keys.

Space-Filling Thumbnails (SFT) [3] is a highly efént
document navigation system. It allowed the userswdtch
between two display modes. The first mode is a tma view
of all of the pages of the document, arrangedttefight and top
to bottom on a single screen. A particular page lmarselected
for viewing by clicking on it with a mouse. The sed mode is
a detailed view of a single page. In this modeagepis resized
to take up the entire viewing area so that the isxbest
readable. Cockburn et al. [3] demonstrated that &3 faster
in all page visitation tasks and was also stromglgferred by
users relative to six scrolling techniques, inahgdiscrollbars,
Thumbnail-Enhanced Scrollbars, Rate-based scrolliBweed-
Dependent Automatic Zooming, RSVP-based Flippingd a
Multi-Page Flipping.

3 TOUCHMARK

The TouchMark document navigation interface wasetiged
to address the need for “quicker, more effortleasigation
techniques” [13]. Our design process was initiafiformed by
an informal observational study of students reaghager copies
of journal articles in a library. We observed teatdents would
often use thumbing behaviors to find a particulagegs Another
behavior we frequently observed was that page itatien was
often accomplished by placing fingers in betweegegaand
then flipping back and forth between these locatiofhese
observations are consistent with prior work [9,16f a
document location revisitation study, Alexandegket[1] found
that 31.5% of the documents opened in Microsoft &Vor



Figure 2. HP Touchsmart with two TouchMark tabs.

included intentional location revisitation, but thaurrent
revisitation tools were rarely used. We decidedfdous on
designing a physical navigation technique that peapould
want to use and that would reduce navigation timalen
preserving physical affordances of fingering pad¢arrison et
al. [9] found thumbing in place to be an intuitiveethod for
page up and page down navigation. Its appeal itaiequ by
Zhai and Kristensson [19]: in-place tapping of attdnu is
theoretically the most efficient technique for séien, if the
target of that selection is already known. We wdnie take
advantage of this finding by designing a tab imtesf that
minimized the physical movement required to nawégat
documents.

3.1 Bendable Touch Tabs

TouchMark consists of a regular HP Touchsmart tapla PC
augmented with two physical touch sensorstatls which are
used for page thumbing and bookmarking actionsureig?
shows the two TouchMark tabs on the Tablet PC,ameach
side of its display. The tabs were placed at ther@pmate
average location of the index finger when the taBl@ is held in
portrait mode. Tabbed touch sensors differ fromséhan
Harrison’s embodied interfaces [9] in that they di@ppy,
lightweight, and require minimal pressure or appamovement
to actuate, mimicking physical affordances of paysges.

Bendable tabs mimic gestures for flipping pagesiwipaper
books and page bends on flexible displagending does not
require an additional button, and is easily distisged from
touching, reducing false positives.

Five main objectives in our design of these tabewe

a) To keep them lightweight, so as not to require any
effort in bending the tabs;

b) To locate them at an appropriate position for thgers
to interact with them in place;

€) To allow for minimal movement by the finger;

d) To apply knowledge about the use of physical page
thumbing;

e) To design for minimal mental effort.

The initial TouchMark design included tabs for eatha user's
ten fingers. Each finger, except for the thumb,ldahen be
used to place a bookmark. We also experimented avithutch
button to allow buttons to be released without diram the

Figure 4. Inserting a bookmark by squeezing the tab

Figure 5. Navigating one bookmark back in the docurant
by touching, then releasing the back of the left ta

document location. We conducted an informal usedystand
focus group with graduate students to test thesmlimesign
iterations, and observed that users found the ltltdcbe “too
complex”. We also observed that most users usey iodlex
finders to place bookmarks. As a result of this,simplified the
design to two tabs.

3.2 Interaction Techniques

The tabs were implemented using a Phidgets capadibiuch
sensor attached on the side of the screen usiegiblé rubber
hinge. The Phidgets control software communicatéh the
TouchMark application software to control paging dan
bookmarking behavior through simulated key pres§bere are
two sides to each tab, one facing up (front face) ane facing
down (back face). Each face is touch sensitivehdlgh flexing
the tabs is not sensed, per se, there is a strifoglance of
flexing that yields touching and releasing gestusgken
thumbing through paper pages (see Fig. 2).

321 Page Up and Page Down

Figure 3 shows the page up action, which consisteuzhing,
then releasing, the front left face. As with pagecuments, this

causes a move back one page. Touching then rejethsrfront
right face causes a page down action in the documen



3.2.2 Bookmark Navigation

Figure 4 shows how bookmarks are placed by squgezitab.
Squeezing consists of simultaneously pressing, te&asing,
both front and back faces of either the left or tight tab. Our
intention was to select a time threshold that waqarelvent user
error when users would not touch front and back faerfectly
simultaneously. We determined through trial andrethat an
optimal value for this filter was 250 millisecond®nce a
bookmark is placed it exists until the documerdiésed. After a
bookmark is placed, the release of the front butioes not
cause a page up or down navigation to occur. Tragemts the
user from navigating away from the current positwery time
a bookmark is placed.

Figure 5 shows how the back left and right facetheftabs can
be used to navigate between the bookmarks. The Ibétctace
navigates to the closest bookmark towards the béaginof the
document, from the current position in the documehio
bookmark meets these criteria, no navigation occling back
right face navigates to the closest bookmark towane end of
the document. These bookmark navigation interastiane
intentionally similar to the page up and page damtaractions,
and serve to mimic the kind of fingering techniquésserved
when flipping between bookmarks when comparing betw
pages in real paper documents. Page-by-page &mzok-by-
bookmark navigation forwards or backwards withine th
document can be accomplished alternating betweetethand
right front or back faces, respectively.

3.2.3 Rapid Page Comparison

With TouchMark bookmark navigation, the time thatequired
to traverse any given number of bookmarks incredisearly
with the number of bookmarks. We designed a special
interaction technique to avoid users having to skipugh many
bookmarks when comparing between distant pagahelback
face of either tab is pressed while navigating eudeent, when
it is released, TouchMark will navigate the docutrtgack to the
page that was visible when this back face was ffirsssed. This
page does not need to have been bookmarked. Thislovee to
mimic navigation of physical paper documents bycipig
fingers between the pages. This interaction dodscreate a
bookmark, and is available to allow for a lightwstigvisual
comparison between pages.

3.3 Bookmark Visualization

In TouchMark, bookmarks are visualized as thumisnaih a
vertical bar that is displayed beside the scrollfde positions
for the bookmarks on this vertical bar are unifgrrapaced so
that there is horizontal alignment between thelbk@pand the
bookmark thumbnail associated with the visible pagee
height and width of the bookmark thumbnails wasaed to
preserve the relative dimensions of the documege pmage
from which the thumbnail was produced, while pravid a
reasonable sized target for a user to select.

Bookmark thumbnails appear as resized images of the
document pages to which they refer, except whedigpiay, in
which case they appear in black.

4 DiscussioN AND CONCLUSIONS

We presented the design of TouchMark, a flexibleknwarking
and page navigation interface designed for futdbe@k readers
based on flexible e-ink screens. TouchMark featusds on

either side of the device that are used for doctimawigation
and bookmarking. We believe TouchMark may be aitiefit

method for bookmark selection and navigating sllistances
within documents. In future work, we will evaluateuchMark
as presented in this paper. We also plan to desigew version
of TouchMark that includes a flexible display.
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