Scroll Display: Pointing Device for Palmtop Computers

Itiro SiioTamagawa UniversityFaculty of Engineering6-1-1 Tamagawagakuen, Machidashi, Tokyo 194-8610, Japansiio@eng.tamagawa.ac.jp

Abstract

The limitations of palmtop computers are their displaysize and pointing mechanisms. This makes it difficult touse them for direct manipulation of very large objects,such as World Wide Web (WWW) pages, newspapers,maps, and documents that require a large display. Thispaper describes a new palmtop computer with a built-inmouse on the underside of the computer. When a usermoves the computer on a table, the display scrolls as if theuser is moving a window frame over a large document.Experiments using a prototype have shown that locatingtargets outside of the display is as easy as targets withinthe display.

1. Introduction

With the evolution of technology and as electronicdevices increasingly become more compact, palmtopcomputers have become commodities. Most palmtopc o m p u t e r s h a v e s m a l l d i s p l a y s a n d a w k w a r d i n p u t devices, such as small buttons or tablets. To compensatefor their limited data preparation ability, they are usuallydesigned to support frequent data exchange with desktopcomputers (PC).This paper reports on a new scrolling and pointingmechanism called the Scroll Display which addresses thefollowing issues with palmtop computing.1. Small-sized displays which make it difficult tobrowse very large objects such as WWW pages,newspapers, maps, and other documents formattedfor a large display.2. Inadequate pointing devices which make it difficultto scroll in these objects. A scroll button is not anefficient device for direct manipulations, and a smalltablet requires frequent rubbing to scroll to distanttargets.3. Identical user models should be provided for bothpalmtop computers and desktop Pcs to achievesmooth operations between them. When a desktopPC adopts desktop metaphor, a companion palmtopcomputer should appear on the screen as an icon, andit should move as the palmtop computer moves.The fundamental idea behind the Scroll Display is tomake a palmtop computer into a mouse device that keepsand displays information on it, and treats the palmtopcomputer itself as a scrolling device. This providesintuitive and direct manipulation of large objects.

2. Scroll Display

Typically, the screen objects of a palmtop computer arespecially designed for a small display to achieve directmanipulation. However, frequent scrolling operations arerequired to browse large objects designed for a large-sizedPC display, such as WWW pages. Although some objectscan be reformatted, most cannot. An efficient scrollingdevice is a key issue in designing direct manipulationdevices for palmtop computers.

mouse ball (back) mouse button

Figure 1. An example of the Scroll Display.

Asia Pacific Computer Human Interaction 1998 (APCHI 98), Japan, July 15-17, 1998, pp. 243-248, IEEE Computer Society, ISBN 0-8186-8347-3/98 $10.00 (c) 1998 IEEE

A palmtop computer which has a mousemechanism on the underside.

The Scroll Display is designed to achieve intuitivescrolling actions by integrating mouse components into apalmtop computer. An implementation of the ScrollD i s p l a y m e c h a n i s m i s s h o w n i n F i g u r e 1 , w h e r e mechanical mouse parts are installed on the underside of apalmtop computer. When a user moves this computer on atable, the movement is detected by the mouse mechanism.Through proper programming to scroll the contents ofthe display against the movement, the Scroll Display givesthe illusion of moving a window frame over the top of alarge document, which is virtually spread over the table(Figure 2). With the use of spatial awareness, the user isable to easily find targets on a large object. For example,users can easily find a target on an object such as anewspaper article or buttons on web page when they arearranged in standard format. It is also easy to findlandmarks on a map if the user has a rough knowledge ofthe geographical layout. The Scroll Display provides theuser (who has a mental model of moving window frame)with a simple and intuitive means for browsing.

Figure 2. Using the Scroll Display gives theillusion of moving a window frame acrossthe top of an object, e.g. a map, which isspread over a table. With this mental model,finding targets is made easy.

Palmtop computers may be used outside the officewhere no table is available. In such a case, the user canhold the computer and scroll through objects by rotatingthe mouse ball with a finger as if it is a track-ball device.While a conventional mouse pointer moves in the wrongdirection if we try to use it as a track-ball device, theScroll Display works as if we are sliding the document byrubbing the underside.

3. Manipulation aids

Besides scrolling objects, a pointer and a pop up menuappear on the Scroll Display when necessary.

3.1. Pointer

A pointer is shown on the display to select targetobjects such as link buttons in WWW pages. The usermoves the palmtop computer until the pointer comes incontact with a target object, and manipulates it directlywith the press of a button located on the computer.In the first prototype, the pointer was fixed at the centerof the display. However, the screen area was inefficientlyused when browsing around the edge or corner of theobjects. This was improved by moving the pointer to aplace relative to the visible portion of the object beingbrowsed. (Similar method has been used in a commercialscreen enhancement software [1].) For example, thepointer is shown at the center of the display when a user islooking at the center portion of the object, and it moves tothe top-left section of the display when looking at the top-left section of the object. This is another means by whichthe relative position of the visible area of the object isindicated.At times, the pointer hides underlying information.Unlike a conventional mouse pointer, moving this pointermay accidentally result in an unwanted scroll. To remedythis, the pointer is designed to disappear three secondsafter its last movement.

3.2. Menu

A pop up menu appears on the display with the press ofa button located on the computer. The menu is fixed onthe underlying object and a user selects one of the menuitems using the pointer, that is, by moving the computeruntil the pointer comes in contact with the target menuitem. When the menu is longer than the computer display,only a part of the menu is shown and scrolls as thecomputer moves (Figure 3).On a model that the menu is completely fixed on theobject, the menu might be lost by moving the computer.To prevent the loss of menus, it is designed so that themenu does not scroll horizontally nor vertically beyond

the top or bottom of the menu.

my desktopwww.ibm.com

Akihabara mapYokohama mapIBM mapTokyo mapgroup photo

Figure 3. The focus is placed on a pop upm e n u i t e m b y m o v i n g t h e c o m p u t e r vertically. The menu item at the center of thed i s p l a y i s s e l e c t e d w i t h t h e p r e s s o f a button.

4. Cooperation with desktop PCs

The palmtop computer with Scroll Display could alsobe used as a wireless mouse for a desktop PC using awireless communication link. It has been designed to usethe desktop objects on the PC by moving the palmtopcomputer on the table. This allows data transfer operationsto use the desktop metaphor naturally, as shown in thefollowing scenario.1. When a user puts the palmtop computer near to thedesktop PC, a wireless link is established, and afolder icon representing the contents of the palmtopcomputer is shown in the desktop PC screen.2. At the same time, the palmtop computer starts towork as a mouse device for the desktop PC. A mousepointer appears on a folder icon, and is draggedinitially (Figure 4-A). This shows the user that thepalmtop computer is a pointing device and holdsinformation in the folder icon.3. When a user clicks the push button on the palmtopcomputer, the dragging mode ends, and the pointerbegins to work as normal mouse pointer. The usercan open the folder icon to see the contents of thepalmtop computer, and can delete, move, and copybetween desktop PC icons. (Figure 4-B).4. When a user closes the folder icon of the palmtopcomputer, the dragging mode begins again, as in step2. When the palmtop computer is removed from thefront of the PC, the wireless link is lost, and the iconsand pointer disappear from the PC desktop.This user interface design gives a user a mental modelthat a user brings the palmtop computer inside the desktopPC screen. Figure 4-A. The palmtop computer appearsas a pointing device that drags the contentsof the computer. Figure 4-B. By clicking the push buttonlocated on the palmtop computer, the dragmode ends, and the user can browse,delete, and copy the contents.5. PrototypeTo show the usability of the Scroll Display, a prototypewas made using a liquid crystal display (Sony, FDL-X40)a n d s e r i a l m e c h a n i c a l m o u s e ( S a n w a S u p p l y , M A - P250PS) parts as shown in Figure 5.The prototype was built to verify the feasibility of theScroll Display concept. Therefore, the hardware wasdeveloped at palmtop size and is not built into a stand-alone palmtop computer. The prototype (Figure 5) isconnected to a notebook PC (IBM ThinkPad 760E) via itsdisplay and mouse ports. The notebook PC is connected toa desktop PC (IBM PS/V) via infra red link and Ethernet,exchanging mouse and file data, respectively (Figure 6).

Figure 5. Prototype of the Scroll Display.Mechanical mouse parts are mounted on theunderside of the LCD.

Ethernet

IR(serial mouse) video serial mouse

Desktop PC

Notebook PC

Figure 6. Structure of the Scroll Displayp r o t o t y p e . T h e n o t e b o o k P C p r o v i d e s browsing functions. By connecting to thed e s k t o p P C , t h e p r o t o t y p e e m u l a t e s a wireless mouse.

An image file browser was developed on the notebookPC using Visual Basic for Windows 95. The browserprovides a scrolling function by moving the prototype, andpop up menu functions to select one of prepared imagefiles.The image files folder in the notebook PC is shared bydesktop PC using Microsoft Network for Windows 95.The browser program on the notebook PC processes thesignal from the prototype mouse parts, and transfers it tothe desktop PC when they are connected. This enablescooperative operation with the desktop PC, as described inthe previous section.

6. EVALUATION

Evaluation of the Scroll Display was carried out byusing the prototype. First, subjects were interviewed whohad used the prototype, and second, the pointing speed ofthe Scroll Display was measured.

6.1. Interview of Subjects

More than 10 computer users used the prototype. As ar e s u l t , t h e y e v a l u a t e d t h e s y s t e m a s b e i n g u s e f u l , especially in scrolling on large maps or group photos. Itwas easy to scroll to a target by using landmarks or by thecompositional arrangement. It was also helpful to findtargets on a large map by scrolling along railroads orroads. Some users requested a zoom function whichenables switching to a scaled-down view.Using the first prototype, of which the pointer wasfixed at the center of the display, many users tried to scrollbeyond the edge of the object. This was improved byusing the moving pointer which indicates the relativeposition of the visible area, as described in the previoussection.A s s t a t e d b e f o r e , t h e p o p u p m e n u s c r o l l s o n l y vertically within the length of the menu. The scrollingbehavior of a menu is different than that of backgroundobjects. None of the users, however, thought this wasunnatural.

6.2. Evaluation Experiment6.2.1 Experiment 1.

First, an evaluation experiment toverify whether the users were able to successfully form amental model of the virtual window frame was carried out.Experiment 1 measures the time to locate a target,based on the Fitts’s law [2][3]. Testing patterns with a startarea and a target area were prepared. Figure 7 shows oneof the patterns, of which the target width

( S ) is 10 mm,and the distance

( D ) between the right edge of the startarea and the center of the target area is 40 mm. F i g u r e 7 . O n e o f t h e p a t t e r n s f o r t h e experiment. Subjects were asked to click

inside the yellowish green start and targetareas. The time was measured.

The subjects were asked to click inside the start area,and to scroll to the right, and then to click inside the targetarea. The pointer was fixed at the center of the display inthe experiments. The width of the start area (22.3 mm) isabout half of the width of the prototype display. Thismeans that scrolling always starts at the right edge of thestart area. The elapsed time between button up at the startarea and button down in the target area was measured.The subjects in the experiment were six computer userswho had mastered mouse operation. The Scroll Displayprototype was held with two hands and moved on a table.After receiving about 5 to 10 minutes of explanation inadvance, and training in operating the Scroll Display, thesubjects were asked to locate targets of

S = 5 mm to 40mm at a distance of

D = 5 mm to 320 mm. The time wasmeasured 5 to 10 times for each target.The Fitts’s law says that a pointing task consists ofaccumulated cycles of perception, cognition, and motion.The cycle ends when motion error is within the targetwidth. As a result, the required time (T) for a pointingtask is given as,

T = C1 + C2 log2 ( D / S + 0.5 ) where

C1 and

C2 are constants. 0

1234567log2(D/S+0.5)

0.51.52.53.55mm

10mm

20mm

40mm

80mm

160mm

320mm

Distance (D)

Figure 8. The average of six subject’s timeto point targets (Experiment 1).

Figure 8 shows results of Experiment 1. This graphshows the average of elapsed times for the six subjectsagainst the logarithm part of the Fitts�s law. Most of thefarther targets farther than

D = 22.3 mm are out of thedisplay at starting time, because the width of the display is44.5 mm. However, the graph shows that all of themeasurements including those with farther targets tend tocome into line. This suggests that the subjects treated farand near targets equally. It can be said that the mentalmodel of moving a virtual window, which is provided bythe Scroll Display, was accepted by the subjects.The measurements of individual subjects also tend tobe linear as shown in Table 1, which shows the results oflinear regression analysis.

C1 (ms)

C2 (ms/bit)R2

Subject N3563970.961Subject I5113380.872Subject K2005470.829Subject Mi775100.873Subject Mu4333850.933Subject S2093750.933

Average2944230.934

Table 1. Results of Experiment 1

6.2.2. Experiment 2.

Conventional palmtop computersequipping with touch panel display, often provide ascrolling function which requires repetitive rubbing overthe panel. Experiment 2 was carried out in comparisonwith the rubbing method.T h e m o u s e m e c h a n i s m w a s r e m o v e d f r o m t h e prototype, and a commercial touch-pad device sized 50m m b y 3 5 m m ( T r y C o r p o r a t i o n J T M - 0 1 A ) w a s connected. By rubbing the touch-pad, the patterns shownin Figure 7 scroll. The subjects were asked to scrollbetween the start and target areas, just as in Experiment 1,by rubbing the touch-pad.Table 2 shows the average of

C1 and

C 2 values,calculated by elapsed times for the same six subjects inExperiment 1 and 2. Table 2 shows that the Scroll Displayprovides a quicker scrolling method than a conventionaltouch-pad device does.

C2 (ms/bit)

Experiment 1294423Experiment 2373771

Table 2. Results of the Experiment 1 and 2.(Average of six subjects)

7. Related work

There are some proposal to combine a mouse and adisplay. Masunaga has proposed to add a mechanicalmouse on the underside of a palmtop computer [4]. Onthis device, the mouse pointer works the same as aconventional desktop PC and the issue of scrollingoperation is not addressed.Some devices for use in virtual reality applicationsshould be treated as related work, because they perform

scrolling operations in virtual world when their displaydevices are moved. For example, the Chameleon system[5] is a palmtop computer with a 3D position sensor whichbrowses virtual objects in 3D environments. The ScrollDisplay aims to be a more practical computer by limitingthe movement to 2D. Moving a palmtop computer on atable is easier and more precise than 3D movement wherea user must hold the computer in the air. Anotherdifference is that most virtual reality devices work withabsolute coordinates while the Scroll Display works withrelative coordinates. The Scroll Display can be lifted andmoved to an appropriate place on the table, jut likeconventional mouse devices. This makes it possible toscroll through large-sized objects on a small-sized table.The idea of a pointing device holding information,mentioned in the desktop PC environment section, is anextension of my previous system named InfoBinder [6].The InfoBinder is a small wireless pointing device used ona table in which a computer image is projected from theceiling. This device can be used as a pointer to an icon onthe computer display. A user can open and browse thecontents of the icon under the computer projector.

8. Conclusion

This paper has reported on a new scrolling and pointingmechanism called the Scroll Display. This device allowsl a r g e - s i z e d o b j e c t s t o b e b r o w s e d a n d m a n i p u l a t e d comfortably on the limited-sized display of a palmtopcomputer. The fundamental idea of this mechanism is toinstall a mouse device to the underside of a palmtopcomputer, and to scroll the contents as the computer ismoved. This gives the user the illusion that the palmtopcomputer is a window frame placed on top of a large-sizedobject.I also have proposed to use the palmtop computer as amouse device for use with a desktop PC, to browse andexchange contents between them.A prototype has been made to verify the feasibility ofthese ideas. Experiments using the prototype have shownthat user’s performance in scrolling through an objectwhich is larger than the display size is comparable toperforming the same task through an object which fits inthe display.

Acknowledgments

Most of the research for this study has been done whileI was a researcher at Tokyo Research Laboratory, IBMJ a p a n . I w i s h t o t h a n k m y e x - c o l l e a g u e s f o r t h e i r collaboration in discussions and evaluation experiments.

References

[1]IBM.

Screen Magnifier / 2 User’s Guide

, GB88-7110-00.[2]Stuart K. Card, Thomas P. Moran, Allen Newell.

TheP s y c h o l o g y o f H u m a n - C o m p u t e r I n t e r a c t i o n

,Lawrence Erlbaum Associates Publishers, (1983).[3]B. Shneiderman.

Designing the User Interface 2ndedition

, Addison-Wesley Publishing, (1992).[4]Masunaga, M. A Portable Information Device.

T h e official report of Japanese Patent Agency

, HEI-7-121302, in Japanese (1995).[5]G. W. Fitsmaurice, S. Zhai, and M. H. Chignell.V i r t u a l r e a l i t y f o r p a l m t o p c o m p u t e r s .

ACMTransactions on Information Systems

, Vol.11, No.3,pp.197-218, July (1993)[6]I. Siio. InfoBinder: A Pointing Device for a VirtualDesktop System.

Symbiosis of Human and Artifact

,Elsevier, ISBN-0-444-81795-6, pp. 261-264, July(1995)