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ABSTRACT

This paper presents a powerful, yet strikingly simple and
novel modification in the design of a conventional com-
puter mouse that enables a user to feel, and the computer
to discretely sense, two distinct “clicks” on each mouse but-
ton, activated by pressing lightly and pressing firmlyptap
through We achieve this double-action effect by converting
the standard mouse buttons to pop through tactile pushbut-
tons that are similar to those widely used as the focus/shutter-
release buttons on consumer photographic cameras. We
present this mouse design in a prototype stage both to de-
scribe the compelling interactions we have already developed
and to inspire further investigation. The direct impact of our
mouse modification is a third button state for each button that
makes possible a family of fast, robust button gestures that and in this example invokes a short menu: oressin
are composable with or even preferable to well-known ges- harder pops throﬂgh with a second click i,npthis eng
tures such as double-click. Moreover, the qualitative impact ample invoking a longer menu. (Button di’splacement
creates a different user experience if the three button states exaggerated for clarity.)
are applied in a cognitively meaningful way; for example, if
pressing lightly maps to default behaviors such as invoking a
short menu, and then pressing firmly to pop through maps tovation state, and by pressing harder the user feels a second
behaviors presenting more control, such as a long menu. Irclick, indicatingpop through for the second activation state.
addition to describing the hardware modification, we presentAlthough this additional state alone increases the input band-
a number of such meaningful guidelines. width of the mouse, the qualitative impact on the user expe-
rience can be more pronounced if the state is used meaning-
KEYWORDS: mouse, double-action, gesture, interaction, fully because it then enables the computer to sense a form
click through, buttons, pop through, hardware, input devices, of expression that involves inherently physically coupled ac-

Figure 1: Pressing the left mouse button lightly clicks

haptics. tions. Our device is also easy to deploy because it does not
require visible changes to a commercial mouse; in addition,
INTRODUCTION legacy applications can be compatible simply by ignoring the

Since the advent of 2D GUIs over 30 years ago, the nature ofadditional button state.

mouse-based computer interaction has continued to evolve

via both hardware design changes to the mouse and paralOur new device enables interaction drawn from everyday

lel adaptations in software user interface technologies. Ourphysical behavior. For example, people generally exert more

work continues this line of evolution by introducing both a force when they are frustrated, so that pressing firmly to

novel mouse design in which a third button state is addedpop through could map to actions more likely to be desired

to each button and software techniques that leverage the afby those frustrated with the response to the lighter pressure

fordances of this design. By pressing lightly, the user feels level (see Figure 1). As another example, related but dif-

a mechanical click corresponding to the button’s first acti- ferent actions could be mapped to the two levels, similarly
to a camera shutter button’s focus-freeze and shutter-release
functions. Besides physically derived interactions, our de-
vice also suggests and makes possible other novel kinds of
interaction discussed later.

We hypothesize that using discrete light and firm pressure
levels, instead of two distinct buttons, may well be easier



in many circumstances for users to learn and/or remember
and perform. The foundation for this belief is an extension
of Buxton’s argument [2] that natural phrases in interaction
should be delimited by muscular tension and relaxation, for
example by holding a button down to initiate a gesture and
releasing it to end the gesture. Establishing nested groupings
of structures within phrases with the multiple levels of ten-
sion afforded by our device is a compatible development of
Buxton’s argument.

PREVIOUS WORK

There has been a recent proliferation of mice that increase :
the flexibility of input through increased numbers of buttons Figure 2: One of our prototypes puts a small pushbut-

and other additions such as finger-wheels (though not mul-  ton on an existing mouse button to provide two per-

tiple levels of pressure), including four- and five-button of- ceptually distinct activation states for the button.

ferings [4, 5]. Balakrishnan and Patel [1] presented a mouse

with a finger-accessible touchpad on its top in place of but-

tons and a separate prototype 10-button mouse. HoweverNOt all gestures are created e_qual: some are harc_i tolearn, and
adding buttons has complications: more dexterity is required, SOMe are slow because of either motor-control issues or in-
especially beyond a certain number of buttons—in fact, with trinsic timing requirements. Even widely used gestures like
too many buttons it may not be possible to use the devicedouble-clicking are known trouble spots for beginning and
fully or smoothly, and since the buttons are typically generic SOme intermediate users [9]. Double-clicking, for instance,
their mappings can be hard to remember. Alternatively, aug-Téquires the user to get the timing right and not move the
menting mouse-button inputs with keyboard modifier keys is Mouse too much between clicks. Our pop through buttons
nearly ubiquitous in graphical user interfaces. Our device, M@ke possible additional gestures that can be fast, robust,
with careful Ul design, can essentially double the button easily learned, and without timing restrictions. .These ges-
functionality of a mouse without significantly complicating tures can also be composed with the other techniques or used

the user’s physical activity and without changing the mouse’s &S drop-in replacements without significant challenge.

xterior Il.
exterior ata PROTOTYPE HARDWARE AND SOFTWARE

Hinckley and Sinclair [3] added touch sensors to a mouse andHardware Design
to a trackball and discuss a number of ways to use the mod-We have implemented two different prototypes of our pop
ified devices to let the computer distinguish the perceptualthrough design: we mounted a button on top of a con-
quality of the user’s intent. Styli that sense continuous levels ventional mouse button and we retrofitted a mouse with a
of pressure have existed for some time now [10]. Our device double-action camera-style button instdeThese two de-
borrows from both of these approaches by combining pres-signs explore only two points in a large design space with
sure and discrete levels of activation and tactile feedback tomany other tradeoffs possible. Although both prototypes
distinguish different perceptual qualities of the user’s action. only modified one of the mouse buttons, the other buttons
] ] could be similarly modified. Also, even though we discuss
Although available for decades, chording mouse buttons andonly mice, our design can trivially be extended to other but-
double-action pressure keys (as used to control autorepeaion devices like trackballs.
of space and hyphen keys in certain electric typewriters) are
rarely used in modern interfaces. Chording in particular can Our first prototype places a small pushbutton on top of a
be problematic because different users employ different handmouse button, as shown in Figure 2. Because of the differing
postures and strategies for activating the buttons. Our popactivation forces of the buttons, pressing down on the push-
through mouse buttons are functionally related to chording button first activates the button native to the mouse and then,
but present a qualitatively different user experience, both be-with more pressure, pops-through to activate the additional
cause the button states can be reached with only a single finpushbutton. This design is visually explicit and also lets the
ger and because the user perceives their input as pressure leuser press only the original mouse button with no chance of
els rather than coordinated finger activity. activating the additional one by mistake. This design also
has very clearly perceptible and distinct clicks and activation
A final method for extending mouse functionality has been fgrce levels.
to add gestural interaction, including:

Our second prototype places a double-action surface-mount
pushbutton inside the mouse so that it is activated instead
of the original mouse switch. This button has three posi-

tions: off, first contact made, and first and second contact

Double- or even triple-clicking.

Clicking and dragging out a gesture path [8].

Gesturing on a touchpad on top of the mouse [1].
Pressing and holding the button then dwelling (not mov-
ing) _tO, say, b.rmg up a. menu, rather thar_] pressing and re- 1We used a simple, somewhat widely known approach to connect this to
Iea$|ng to activate the interface elemer!t in the default way an RS232 serial port: we tied DCD to RTS (held high in software) with a
(as in Netscape'’s [7] forward and back icons). 10 kS resistor and connected the switch contact between DCD and ground,
e Dwelling over an interface element to, say, show a tooltip. additionally using CTS for the retrofitted design.




both made, corresponding to three ranges of force applied.easily due to the near absence of positive mechanical feed-
This design produces a mouse body that, when assembled, iback, and pop through can easily be triggered accidentally
indistinguishable from a normal mouse body by either vision because its additional force is too small. We expect that a
or touch. The activation forces for this pushbutton are much properly engineered device could surmount these obstacles
more subtle than for the first prototype, with no perceptible and provide easily felt clicks with a specially designed switch
click for the first contact and a very soft feel, not really a inside the mouse. Although we have not explored the er-

click, for the second, pop through, contact. gonomic implications (including repetitive stress injury), we
believe that the latitude in the design space and similarity to
Software Techniques conventional mice are sufficient that problems can be limited

One of our implementations for using the added button stateto be tantamount to those of a standard mouse.

in software was to write a tiny X11 program that maps (or

leaves mapped) the lightly pressed button state to the stanSoftware Issues o )

dard left mouse button and maps the pop through state to thé\lthough some applications work well with the general map-

right mouse button. (We call this the “map-to-right-button” to-right-button technique, some may not, and making them
technique. For technical reasons the mapping program mus}ake advantage of the'addltlonal bu_t'gon state to even this lim-
use the XTest extension to generate the button events corited degree may require code modification. In particular, the
rectly.) Under Netscape [7], this enables the user to lightly hardware generates two different button events that are nec-
click on a link to follow it and press firmly to pop through essa_nly chorded, apd chprded b.utton events are generall'y not
to invoke instead a menu of operations such as opening th&onsidered extensively in user interface toolkits or applica-
link in a new window, saving it, etc. Also, when editing the tions. One pOSSIbIIIty_ might be to have a compatibility r_node
text in the URL “Location” text entry box, the user can press that, among other things, translates the second level into an
lightly, drag out a selection, and then, without releasing, pop UP event on the left button followed by a down event on the
through with firm pressure to get a menu of editing opera- fight button.

tions for that selection such as cut, copy, etc. Our device

immediately works well with many other X11 applications On the other hand, applications written specifically to ex-

in which the left butt : imple default ploit the new characteristics of our technique must consider
In which the Ieft mouse button periorms a simple, detault ac- a4 1o do with the additional button state. The choice in

ti(r)]n_and t_pﬁ right m?ustg button It()rlijngs up a frT;}enutﬁf OtEerSketch was straightforward: we replaced an idiomatic “tear-
choices. These applicalions work because ot Now they hany, g gesture by mapping light pressure to the more common
dle chorded mouse events, for instance, by not ignoring ad-

. . : operation of drawing an axis-aligned line and firm pressure
ditional button-down events while a button is depressed.  y, raving the less common unconstrained lines. We present

In addition, we modified the Sketch [12] application to read @ ange of more general potential guiding principles in a later
the additional button state directly. In the unmodified appli- S€Cton:

cation, the user can rubberband an axis-aligned line by pressg, 4 ation

ing the left mouse button and dragging; the user can switch to, the course of developing the device, we asked a num-
rubberbanding an unconstrained straight line for the durationpa; of coworkers to try the button-on-b,utton version with
of the interaction by using a “tear-off” gesture while drag- Netscape, Sketch, Unicam, and some other ad-hoc tests con-
ging. Our modified application simplifies and extends this yaqing with double-clicking. Our informal observations in-
interaction by mapping light pressure to axis-aligned draw- gicate that the device is intuitive, easily learnable, faster, and
ing and firm pressure to unconstrained drawing, making poS-jesg error-prone than the techniques it replaced. There were
sible transitions between the two while drawing. Also, the ,q compaints about fatigue or stress from the brief trials, al-
Unicam [11] interface maps both panning and zooming cam-,q, g further testing is necessary to evaluate this issue fully.
era operations to a single mouse button and uses an indiregh, 5qgition, most people were enthusiastic about the device
directional gesture to distinguish them. Our modificationto 54 the simple techniques we implemented, and many peo-

Unicam maps panning to pressing lightly and zooming t0 e spontaneously proposed other uses. When asked if they
pressing firmly. This mapping, despite remaining nonobvi- \yq1q disconnect our new device (in the button-on-button

ous, is more robust than Unicam's original gesture .bec"?‘useconfiguration) from their computer in favor of their origi-
the user need never initially move in an undesired direction, nal mouse, only one out of a dozen or so people said yes.
and is more functional beﬁause the user can switch betweeRrhat person found the extra button disrupted natural hand
panning and zooming in the same interaction. positioning, and found that, while the prototype with the
retrofitted button inside the mouse was better in that respect,

DISCUSSION it was too easy to accidentally release the first pressure level.

Hardware Issues

In both of our implementations, it is difficult to release from PROPOSED Ul GUIDELINES

firm pressure to soft without also releasing the button en-Maximal leverage of the potential of pop through mouse but-

tirely, and we expectthis to be true in general fomeainple- tons requires the use of coherent, cognitively meaningful Ul

mentations. With the button-on-button implementation there principles. We present a number of different potential guid-

is also an unusual protrusion (the second button) on top thaing principles in this section. However, some combinations

feels awkward and can disrupt the user’s natural finger posi-of these guidelines are mutually exclusive or have the poten-
tioning. On the other hand, with the retrofitted implementa- tial to be confusing if used together; it is not clear whether it

tion the light button press can be “dropped” by mistake fairly is possible to use different metaphors in different programs



(or even in the same program) without creating more prob- potential for use on laptops because multiple mouse buttons
lems than are solved, and this is an area of future work. can be inconvenient to get one’s finger on while manipulat-
ing the pointer. Similarly, pop through buttons could be used
Computer Bias vs User Bias on PDAs to make possible more easily accessible function-
One general principle is to map light pressure to “computer- ality in the limited space. We imagine, too, that there may
biased” interaction, where the computer tries to be smart, andbe a number of unexpected uses, for instance keyboard keys
firm pressure to “user-biased” interaction, where the user hasn which the second pressure level produces a shifted version
more control. The idea is that the user would press lightly of the character; this might be useful to certain handicapped
to get the default, but if not satisfied the user would press people who are unable to chord keys, although it is likely to
harder, as if frustrated, to see more options. This can have anly ameliorate rather than solve that problem.
number of different applications, including: invoking a long
menu instead of an abbreviated menu (as in many MicrosoftACKNOWLEDGMENTS
applications), overriding default constraints such as drawing This work is supported in part by the NSF Science and
unconstrained rather than axis-aligned lines in a drawing pro-Technology Center for Computer Graphics and Scientific
gram, selecting text by character instead of word, or moving Visualization, Adobe, Advanced Network and Services,

a scrollbar or slider with fine control rather than the default
coarse control.

Sequential Operations
Another guiding principle is to associate commonly sequen-
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