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Navigating through on-line documents has
become an increasingly common task in human-
computer interaction. This paper investigates
alternative methods to improve user performance
for browsing World Wide Web and other
documents. In a task that involved both scrolling
and pointing, we compared three input methods
against the status quo. The results showed that
a mouse with a finger wheel did not improve
user’s performance; two other methods, namely
a mouse with an isometric rate-control joystick
operated by the same hand and a two-handed
system that put a mouse in the dominant hand
and a joystick in the other, both significantly
improved users’ performance. A human factors
analysis of each of the three input methods is
presented.

The WIMP (windows, icons, menus, and pointer)
interaction style continues to gain an increas-

ingly wide range of applications, despite its age and
long history.1 The rapidly developing World Wide
Web (WWW) makes the use of this style of interac-
tion evenmore frequent and intense. As a result, the
limitations of existing WIMP features also become
more severe and obvious. There have been numer-
ous interface inventions and studies since the basic
WIMP style was developed (e.g., see Reference 2),
but they have been largely restricted to the research
literature and isolated demonstrations. Both the un-
availability of new commercial technology (hardware
and software) and an incomplete understanding of
human factors have contributed to the lack ofmajor
improvements in the mainstream interfaces.

One basic feature of the existing mainstream WIMP
interfaces is that the user communicates with the
computer system via a single stream of input. Such
input is physically driven by a two-degree-of-free-
dom input device, typically amouse, and graphically
displayed as a cursor. Depending on the cursor po-
sition, such as on a document, a window, a menu,
a scroll bar, an icon, or a hyperlink, the function of
the cursor switches from pointing, to selection, to
drawing, to scrolling, to opening, and so on. Such a
single-streamoperation, needless to say, has offered
users many advantages such as ease of understand-
ing and learning the interactionmechanism. The dis-
advantage, however, is the limited communication
bandwidth2 and the costs in time and effort of ac-
quiring widgets and control points. 3,4 A particular
case is document browsing, which is one of themost
frequent tasks in interacting with computers. A doc-
ument, such as a text file, a spreadsheet, a folder,
and most importantly, a WWW page, is often larger
than the viewing window. Only a portion of the doc-
ument can be displayed at a time. The user often
has to move (scroll) the window to view other por-
tions of the document. Scrolling is traditionally done
by dragging the scroll bar handle on the side or the
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bottomof the viewingwindow. There are at least the
following three limitations to such a method:

1. It takes a certain amount of time, T1, to acquire
(point to and press on) the scroll bar. According
to the well-studied Fitts’ law,5 T1 is logarithmi-
cally proportional to the ratio of A and W. A is
the distance the cursor has to travel, andW is the
size of the widget acquired. At the extreme case
(travel across the entire screen to acquire the ar-
row widget at the end of a scroll bar), the Fitts
index of difficulty can be up to eight bits, which
may take more than two seconds to complete. 6

2. There are threemethods of using a scroll bar; each
has some limitations. First, the user can acquire
the moving handle and drag it. The advantage of
this method is that the user can scroll the doc-
ument at a controlled speed that is suitable for
the particular task. The disadvantage is that the
dragging function, which requires that pressure
be maintained on a button while moving the in-
put device, is more difficult and takes more time
than pointing over the same Fitts’ index of dif-
ficulty.7 The second method is to use the cursor
to press the arrow buttons at the ends of the scroll
bar, causing the document to scroll at a speed that
is not adjustable by the user. This is binary con-
trol: eithermove at a fixed (or accelerated speed)
or stop. The speed could be too slow when the
user wants to move very far, or too fast when the
user wants to visually track the document. The
third method is to click on the rest of the space
on the scroll bar, causing the document to “jump.”
The user is often unaware of the increment by
which the window jumps, therefore losing track
of the target area.

3. Perhaps most importantly, when the user has to
go to the scroll bar to move a document, even by
just one line, it takes the perceptual, cognitive,
and motor resources away from the target that
the user focused attention on, hence breaking the
work flow. One basic principle of good user in-
terface design is to help the user to focus on the
task, not the user interface. Graphical scroll is a
case that violates this principle.

The above analysis shows that the standard, single-
input streamWIMP interface is inadequate for brows-
ing documents. This study looks into three alterna-
tive methods for browsing. We conducted a human
factors analysis on each of the three techniques,
whichwas followedby a formal experiment that com-

pared these methods against the standard single-
stream method.

Three alternative methods for browsing

Mouse with isometric joystick. As shown in Figure
1, one alternative device we studied is the Joystick
Mouse, a two-button mouse with a miniature joy-
stick mounted between the two buttons. The mouse
retains all usual functions of a standard mouse. The
miniature isometric joystick, an IBM TrackPoint*
pointing device, is a rate-controlled input device.8,9
Each of the two devices can function as an indepen-
dent normal two-degree-of-freedom input device. In
the current study we assign the mouse for pointing
and the miniature joystick for scrolling. We hypoth-
esized that the isometric joystick is particularly suit-
able for scrolling tasks based on the following anal-
yses.

First, let us briefly review the two basic types of trans-
fer functions in input: position and rate control (see
Poulton10 for a detailed review). Position control,
also called zero order control, maps the user input
variable to the cursor displacement according to a
constant or variable gain. Rate control, also called
first order control, maps the user input variable to
cursor velocity. As shown in recent six-degree-of-
freedom input control studies, 11–13 position control
is better conducted with isotonic, free-moving de-
vices, such as the mouse, and rate control is better
conducted with isometric or elastic devices. The key
factor to this compatibility issue is the self-center-
ing effect in isometric or elastic devices. With self-
centering, rate control can be easily done. Without
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Figure 1    The Joystick Mouse



it, rate control requires conscious effort. Either po-
sition control or rate control can give users the abil-
ity to control all aspects of movement, including
displacement,movement speed, or higher-order de-
rivatives, but eachmode corresponds to only one as-
pect directly: displacement or speed.

Scrolling, or navigating throughadocument, requires
the user not only to control the final displacement
of the document to make the target appear in the
viewing window, but also to control the speed of the
movement so that the user can comfortably scan the
document to look for the target. An isometric rate
control device apparentlymeets these requirements.
In contrast, if we use an isotonic position control de-
vice, such as the mouse, the user may not be able
to control the speed of movement continuously. In

particular, due to physical constraints (of either the
human arm or the mouse pad), position control al-
lows the user to move only within a certain distance
at one stroke. The user has to release (by lifting the
mouse) and re-engage the position control device
repeatedly in order to scroll over a longer distance.

When using the JoystickMouse, the user can use ei-
ther the index finger or the middle finger to operate
the joystick. In practice,most users use the index fin-
ger. When using the index finger, the user has to
switch the same finger between the left button and
the joystick. Because of its close proximity, the user
can rely on kinesthetic memory to locate the stick
without looking at it.

Mouse with finger wheel. The idea of adding an ad-
ditional sensor to a mouse is not new. As described
in Venolia,14 a thumb wheel can be mounted onto
a standard mouse for an additional degree of free-
dom in a three-dimensional interface. The first com-
mercial mouse with scroll capability, the ProAgio**
by Mouse Systems (Figure 2), dedicated a wheel to
scrolling. We call this class of device Wheel Mouse
and used a recent model, the Microsoft Intelli-
Mouse** (Figure 3) in the current study.

Thewheel in the IntelliMouseworks in position con-
trolmode. It is largely free-moving (isotonic) butwith
a detentmechanism. The control gain from a detent
step to the number of lines of scrolling is adjustable.
To set the control gain high will make the scrolling
faster. However, in order to be able to scroll doc-
uments at the resolution of a line of text, the detent
step should be set to one line. The user may repeat-
edly stroke the wheel for long movement.

The IntelliMouse provides two additional modes of
scrolling; both turn the mouse itself into a rate con-
trol device. As analyzed earlier, an isotonic device
lacks the self-centering effect that is desirable in rate
control. In one mode of the IntelliMouse, the user
presses down on the wheel, which is also a button,
to turn the mouse body movement to rate control
scrolling: the further themouse ismoved fromwhere
thewheel is pressed, the faster the document scrolls.
When the user releases the wheel, scrolling stops.
In the second mode, the user presses and releases
the wheel to start the rate control scrolling. Any fol-
lowing click, either on the wheel or on other but-
tons, stops the scrolling. In both cases, a visual an-
chor is displayed on the screen to indicate where the
rate control scrolling starts. This may help the lack
of centering effect in the mouse for rate control, but
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such a centering feedback comes from the visual
channel, not the haptic feel.

As with the JoystickMouse, the user can roll the fin-
ger wheel for scrolling with either the index finger
or the middle finger. Pointing is done by normal
mouse movement.

Two-handed joystick and mouse. The third method
we studied was a two-handed input method. A key-
board with a TrackPoint (between the G, H, B keys,
as in IBM ThinkPad* computers) and a standard
mouse were used in this method as shown in Figure
4. The user operates the joystick with a nondominant
hand to do scrolling and manipulates the mouse with
the dominant hand to do pointing. Note that the sys-
tem can be easily set for left-hand-dominant users.

The idea of using the nondominant hand for a scroll-
ing task has been advocated by researchers such as
Buxton2 for over a decade. Scrolling was also one
of the first scenarios in which two-handed input was
experimentally demonstrated to be superior to the
standardone-handed input.Equipping subjects’ non-
dominant hands with two strips of touch-sensitive
tablet and their dominant hands with a puck on a
graphics tablet, Buxton and Myers3 studied users’
performance in a text document navigation (jump
or scroll) and selection (pointing) task. In that ex-
periment the participants used their nondominant
hand to jump (one strip that was absolute position
sensitive) or scroll (another strip that was relative
movement sensitive) the document and used the
dominant hand to select targets. With such a two-
handed setup, a 15 percent (for expert users) to 25
percent (for novice users) performance improvement
was measured.

The present two-handed system studied here differs
from previous systems3,4,15 in terms of the physical
devices used in two-handed interaction. One of the
two devices in the system is an isometric rate con-
trol joystick (Figure 4). There are four potential ad-
vantages to including an isometric joystick in a two-
handed system.

First, there are individual preferences for different
types of devices. Having one joystick and onemouse
in the system gives the user a choice when they need
only one device. Second, device performance is task-
dependent. A unique advantage of in-keyboard iso-
metric joysticks is that the user’s fingers do not have
to leave the keyboard, making mixed typing and
pointing tasks much faster. 8 Including an isometric

joystick in the dual-device system gives the user a
choice when needed for a particular task.

Third, an isometric joystick requires less space, or
footprint, than any other device (mouse, touchpad,
or trackball). This advantage is not only important
for portable computing, but also important for a two-
handed desktop environmentwhere a keyboardwith
amouse has already crowded theworkspace. Fourth,
as pointed out earlier, a rate control technique that
is compatible with isometric devices can be partic-
ularly suitable for scrolling tasks; no repetitive re-
lease-re-engage problem exists as in position con-
trol techniques.

However, the joystick-mouse two-handed systemalso
poses an unanswered theoretical question.With pre-
vious two-handed systems that have been demon-
strated to be advantageous, both handswere engaged
in the same isotonic position modes, which means
consistent or similarmotor actions across two hands.
In the current system, the two hands are engaged in
differentmotor control mechanisms: one in isotonic
position control and the other in isometric rate con-
trol. Is such a combination still superior to the stan-
dard one-handed input system?

What is also conceptually interesting is the contrast
between the two-handed system (Figure 4) and the
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Figure 4   In-keyboard isometric joystick (top), operated
   by the nondominant dand (left for this user)
   for scrolling while the dominant hand moves
   a mouse for pointing (bottom)



Joystick Mouse (Figure 1). Identical transducers
were used in the two input methods. The only dif-
ference was the location of the joystick. In the case
of the JoystickMouse, the joystick was on themouse
and was manipulated by the same hand that oper-
ates the mouse. In the current case, the joystick was
in the keyboard and was manipulated by a different

hand. In otherwords, we are distributing two streams
of input in two ways: one puts both streams into one
hand and the other separates them to two hands. It
is interesting to find out how user performance dif-
fers between the two methods.

We should briefly mention a human bimanual ac-
tion theory: the kinematic chain (KC) model of bi-
manual action.16 TheKCmodel strongly suggests that
the two human hands work in a cooperative but
asymmetric manner. The nondominant hand, like a
base link in a chain, tends to take precedence (act
first), work on a larger but coarse scale, and set the
frame of reference. The dominant hand, like a ter-
minal link in a chain, tends to act later, work in a
smaller but finer scale, and operate within the frame
of reference. The current two-handed system coin-
cides with these characteristics very well: the non-
dominant side acts first (scroll first), sets the frame
of reference, and moves at a larger distance (rate
control). The dominant hand acts later and operates
within that frame on a smaller scale. This model is
also what we do in natural life: hold andmove a doc-
ument with our nondominant hand and write within
the page with our dominant hand.

The experiment

Experiment design.We chose to model our exper-
imental task after one of the most frequent inter-
action tasks that today’s computer users do: Web
browsing. AWeb page, stored as a local file to avoid
transmission delay, was presented to the participant.
The document contains texts from an IBM comput-

ing terminology dictionary (Figure 5). A hyperlink
is embedded at an unpredictable location in each
page. The user’s task was to scroll the document un-
til he or she found the target hyperlink (Figure 5,
bottom). Clicking on the target word “Next” would
bring the participant to the beginning of the next
Web page. The target word “Next” was displayed in
a larger font and different color and was preceded
with a string of asterisks so it could be easily rec-
ognized. Each test of the experiment consisted of 10
pages of browsing (scroll and point). The size of the
Web pages was set so that the scroll handle width
was 1.3 cm (so it was not too difficult to click and
drag for the standard mouse condition; see Figure
5, bottom). The Web browser viewing area was
24 cm wide and 15 cm long on a cathode ray tube
display. Participants were allowed to adjust the po-
sitions of mouse, keyboard, and display on the desk
to suit their own preferences.

Four interaction methods were tested in the exper-
iment: standard mouse (Mouse), mouse with a fin-
ger wheel (WheelMouse),mousewith joystick (Joy-
stick Mouse), and mouse with in-keyboard joystick
operated by different hands (TwoHands). Note that
the pointing mechanism is the same with all four
methods: mouse movement by the dominant hand.
A total of 12 volunteers participated in the exper-
iment. Awithin-subject designwas usedwith a Latin
square pattern for order balancing. Each of the four
methods was presented as the first, second, third, or
fourth technique tested to an equal number of par-
ticipants. Each participant performed the tests with
all fourmethods.With eachmethod, the participants
were first given one practice run, during which they
were asked to explore all modes (in the cases of
Mouse and Wheel Mouse) and strategies (aggres-
sive or careful). Although encouraged to take as
much time as they needed, they all finished the 10
pages of practice in less than 10 minutes. The par-
ticipants were then asked to perform two consecu-
tive tests (10 pages each test) as quickly as possible.

The same 10 Web pages were used for all tests to
ensure the same task difficulty for allmethods tested.
None of the participants appeared to realize that
these were the same pages. If some of them did re-
member the locations of the targets, they may have
performed overall faster and hence reduced the dif-
ferences among the four methods. We considered
such an effect to be weak and hoped that we could
still detectmeaningful significant differences between
the methods.

Our experimental task
modeled one of the most
frequently used interactive
computer tasks of today.
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Figure 5   Web page browsing was used as the experimental task; shown are the beginning (top picture) and the middle
   (bottom picture) of page 5



Of the 12 participants, all had daily experience with
using a mouse; five had daily experience with using
the in-keyboard isometric joystick; all but one had
no experience with the three alternative methods;
one participant had used the three alternativemeth-
ods once before.

Trademarks on the devices were covered, and the
devices were presented as research prototypes in or-
der not to influence participants’ opinions on each
of the methods. After completing all four methods,
participantswere asked to rate eachof the fourmeth-
ods on a �3 (terrible) to �3 (great) scale based on
their experience.

Results. Figure 6 depicts the mean completion time
and 95 percent confidence bars in each of the two
consecutive tests.A repeatedmeasure variance anal-
ysis showed that participants’ completion time was
significantly affected by input method (F3,11 � 20.3,
p � .0001). Although Test 2 was significantly faster
than Test 1 (F1,11 � 12.4, p � .01), such an improve-
ment did not alter the relative performance pattern
of the input methods (Method X Test insignificant:
F3,11 � 1.1, p � .37).

With theMouse condition as the reference, the Joy-
stickMouse and two-hand conditions were 22.4 and

25.5 percent faster, and theWheelMouse condition
was 8.7 percent slower than the standardmouse con-
dition. Statistically, the difference between Mouse
andWheelMouse conditions (p� .086) and the dif-
ference between JoystickMouse and two-hand con-
ditions (p� .57) were not significant. All other pair-
wise comparisons were significant (p � 0.0001,
t-Test).

Participants’ subjective ratings based on their expe-
rience were similar to the performance measure-
ments (Figure 7) except for the difference between
Mouse and Wheel Mouse. Participants gave the
Wheel Mouse a significantly lower rating than the
standard mouse (p � .05, t-Test). The Joystick
Mouse and two-hand conditions were rated signif-
icantly higher than the other two methods (p value
from .01 to .0001), but the difference between the
two was not significant (p � .86).

Discussion

WheelMouse. Surprisingly, although it offered dual-
stream input, the Wheel Mouse did not perform
faster than the standardmouse, despite the fact that
with a single-streammouseonehas to switch between
target selection and manipulating the scroll bar.
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Figure 6   Completion time of Web browsing task



Three participants commented that it was tedious
and tiring to repeatedly roll the wheel, although this
modewas intuitive. Although encouraged to explore
all three modes in the practice phase, only six par-
ticipants used the two other rate control modes in
addition to wheel rolling in the real tests. It was felt
that the rate control mapping functions in the In-
telliMouse could be improved.However, we believe
the lack of self-centering in the isotonic device
(mouse) places it at a fundamental disadvantage to
do effective rate control. 11–13 Alternatively, if the
mouse functioned in position controlmodewhen the
button was pressed, users’ performance might have
been better. The low performance of the Wheel
Mouse in this task shows that a dual-stream solu-
tion is not guaranteed to outperform the status-quo
single-stream input.

Joystick Mouse. Supporting our analyses in the in-
troduction, this dual-stream input device outper-
formed the standard single-stream input significantly.
Subjective ratings also verified its advantages. Com-
paratively, although both the JoystickMouse and the
WheelMouse used one hand to handle two streams
of input (even with the same fingers), the Joystick
Mouse significantly outperformed theWheelMouse,
by a mean magnitude of 29 percent.

TwoHands. Interestingly, no significant performance
or rating difference was found between the two-

handed system and the JoystickMouse, even though
the two streams of input were assigned very differ-
ently and the two-handed system conforms to the
KC theory. Nonetheless, the results showed that an
asymmetric two-handed design, one hand with iso-
metric rate control and the other hand with an iso-
tonic position control, worked well, outperforming
the status quo by 25 percent for the browsing task.
Concerns were raised as to whether such a two-
handed system would work at all and whether the
user would confuse the functions of the two hands.
Clearly this was not the case. Note that although the
two-handed system did not prove to be superior to
the one-handed, dual-stream input in the current
scrolling-pointing task, the conclusion should not be
applied to many other tasks, such as tool glass stud-
ied by Bier, Stone, Pier, Buxton, and DeRose17 and
graphicalmanipulation studied by Leganchuk, Zhai,
and Buxton.4 In fact it is extremely difficult, if not
impossible, to use the one-handed dual-stream so-
lutions in tasks that require parallel actions, such as
scaling, translating, and rotating a two-dimensional
geometry by controlling two vertices. 4

For the scrolling-pointing task studied in this exper-
iment, there could exist suitable techniques other
than the ones investigated. One possible example is
to use the page up and page down keys for scrolling
and themouse for pointing. Themain advantagewith
the page keys is that theymove the document by pre-
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Figure 7   Mean subjective ratings, with percent confidence error bars, on the four input methods



cisely onewindow, which is very desirable in the case
of an all-text document. There are twodisadvantages
to this solution. One arises when the user needs to
move less than a page in order to place a picture,
a table, or a subroutine of a program in the center
of the window. One page might move too far in this
case. The arrow keys that move one line at a time
are less efficient. The second and more important
disadvantage is that the page up and page down keys
are located on the right side, the same side as the
mouse for all right-handed users and many left-
handed userswhouse their right hand formousema-
nipulation. This means that the users have to take
their right hand off the mouse in order to reach the
page keys and move back to the mouse afterwards.
This process requires the visual attention of most
users, since the page keys are too far from the “home
row” (ASDFGHJKL) for touch-typing and yet not at
the very edge of the keyboard, which can be more
easily reached.

A simple improvement that can be made is to add
another columnof keys, such as page up, page down,
copy, paste, and delete to the left edge of the key-
board. With such an arrangement, the majority of
users will be able to keep their left hands on these
keys and their right hands on the mouse. Such an
improvement will be complimentary to the advan-
tages of dual-streammice studied in this experiment.
When users need tomove either exactly one ormul-
tiple pages, they can simply press the page keys with
their left hands. When they need to move at a non-
fixed interval, they can use the dual-streammice.We
recommend that keyboard manufacturers consider
such a modification.

We would also like to point out that the task used
in the experiment is intentionally an experimental
abstraction of a real browsing task so that differences
in performance of the input system could be mea-
sured. Real browsing behavior includes reading and
other components, which may dilute the perfor-
mance differences we found in this study.

Conclusions

Three dual-stream input systems, two single-handed
and one two-handed, were analyzed and compared
in a Web browsing task that required scrolling and
pointing. Both performance measurement and sub-
jective rating showed that a mouse with a joystick
all controlled by one hand, or a mouse for one hand
and a joystick for the other, significantly outper-
formed the current standard single-streammouse in-

put. However, the mouse with a wheel device did
not perform any better than the standard mouse. In
order to take advantage of additional input streams,
the types of input devices must be appropriately
matched to the tasks being performed. In addition
to much evidence in the literature, this study indi-
cates that it is time to addmultistream input tomain-
stream commercial systems, although each step of
a new design has to be guided by thorough human
factors research to avoid mistakes.
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