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Chapter 4:

TAXONOMIES OF INPUT
INTRODUCTION
Traditionally, input devices have been discussed in terms of their mechanical and electrical
properties (Foley & Van Dam, 1982; Sherr, 1988). Discussions centre on "joysticks," "trackballs,"
and "mice," for example.
Several studies have attempted to evaluate the technologies from the perspective of human
performance. Many of these are summarized in Greenstein and Arnaut (1988) and Milner
(1988). A common problem with such studies, however, is that they are often overly devicespecific. While they may say something about a particular device in a particular task, many do
not contribute significantly to the development of a general model of human performance. (There
are exceptions, of course, such as Card, English and Burr, 1978.)
With the objective of isolating more fundamental issues, some researchers have attempted to
categorize input technologies and/or techniques along dimensions more meaningful than simply
"joystick" or "trackball." The underlying assumption in such efforts is that better abstractions can
lead us from phenomenological descriptions to more general models, and hence better
analogies.

THE STANDARDS EFFORT AND LOGICAL DEVICES
Just as machine independent compilers facilitated porting code from one computer to another,
device independent programming constructs have been developed for I/O. With input, the
principle idea was to recognize that all devices more-or-less reduced to a small number of
generic or virtual devices. For example, an application can be written in a device-independent
way such that it need not know if the source of text input is via a keyboard or a speechrecognition system. All the application need know is that text is being input. Similarly, the
application need not require any information about what specific device is providing location
information (in pointing, for example). All that it needs to know is what the current location is.
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**** fix **** This idea of device independent, “logical”, or “virtual” input devices was first done for
the GPGS graphics system in the early 1970’s and published 1 by Caruthers, Van den Bos & Van
Dam, A. (1977) and has been discussed, by among others, discussed by Foley and Wallace
(1974), Wallace (1976), Newman (1968), and Rosenthal, Michener, Pfaff, Kessener and Sabin
(1982). It was refined and integrated into the standardized graphics systems ( GSPC, 1977;
GSPC, 1979; ISO, 1983).
Within the GKS standard (ISO, 1983), the virtual devices are defined in terms of the values that
they return to the application program. The virtual devices for input in GKS are:
•

Locator: a pair of real values giving the coordinate of a point in world coordinates.

•

Stroke: a sequence of x/y coordinates in world coordinates.

•

Valuator: a single number of the type real.

•

Pick: the name of a segment.

•

String: produces a string of characters.

•

Choice: returns a non-negative integer defining one of a set of alternatives.

For the designer of user interfaces, the main advantage of device independent graphics has been
that one can experiment with different devices without normally having to modify the applications
code. All that needs to be changed (from the software perspective) is the actual device driver.
The application doesn't care what driver is being used for a particular device because the
standard is defined in terms of the calling protocol and the number and type of parameter
returned.
Because there is one logical device for each generic class of input, the beginnings of a taxonomy
based on use is introduced.
Device independent graphics has had an important impact on our ability to rapidly prototype user
interfaces. This is a subject discussed in more detail in Chapter 11 of Baecker and Buxton
(1987), and is largely motivated by the iterative design methodologies discussed in Chapter 10 of
Baecker and Buxton (1987).
While device independence has been a real benefit, it has also led to some problems. The
reason is that some practitioners have confused technical interchangeability with functional
interchangeability. Just because I can substitute a trackball for a mouse does not mean that the
resulting user interface will still be satisfactory. As we have seen, devices have idiosyncratic
properties that make them well suited for some tasks, and not for others. Further discussion of
issues relating to device-independent graphics can be found in Baecker (1980).

GENERIC TRANSACTIONS: FOLEY, WALLACE & CHAN
Foley, Wallace, and Chan (1984) took the notion of logical devices, and cast them more in the
human perspective than that of the application software. They identified six generic transactions
(which were more-or-less the counterparts of the GSPC logical devices) that reflected the user's
intentions:
•

Select an object

1

Andy at Nimeghen, Peter Veeman at Delpht and Charles Lang , Cambridge University CAD
Centre. See Dan Bergeron at New Hampshire for info on team in Delft who helped.
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•

Position an object in 1, 2, 3 or more dimensions;

•

Orient an object in 1, 2, 3 or more dimensions;

•

Ink, i.e., draw a line;

•

Text, i.e., enter text;

•

Value, i.e., specify a scalar value.

They then proceeded to enumerate a relatively comprehensive set of techniques and
technologies capable of articulating each of these basic primitives.

PRAGMATIC CONSIDERATIONS: BUXTON
Buxton (1983) introduced a taxonomy of input devices that was more rooted in the human
motor/sensory system. The concern in this case was the ability of various transducers to capture
the human gesture appropriate for articulating particular intentions. Consequently, input devices
were categorized by things such as the property sensed (position, motion, or pressure), the
number of dimensions sensed, and the muscle groups required to use them.
The examples of the previous section help us explore how different devices lend themselves to
different tasks. In this section, we want to develop a categorization of input devices which is
based on the properties that cause these differences. Our approach to this is through the
tableau, shown in Figure 1. There is a hierarchy of criteria according to which devices are
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organized in this table. The tableau is limited, and only considers continuous, manually operated
devices. Hence, the first two (implicit) organizational criteria are:
•

Continuous vs. discrete: continuous

•

Agent of control (hand, foot, voice,): hand.

•

The table is divided into a matrix whose primary partitioning into rows and columns
delimit

•

What is being sensed (position, motion or pressure), and

•

The number of dimensions being sensed (1, 2 or 3)

These primary partitions are delimited by solid lines. Hence, for example, both the rotary and
sliding potentiometer fall into the box associated with one-dimensional position-sensitive devices
(top left-hand corner).
These primary rows and columns are sub-divided by thin lines into secondary regions. These
group:
•

Devices that are operated using similar motor skills (sub columns)

•

Devices that are operated by touch vs those that require a mechanical intermediary
between the hand and the sensing mechanism (sub-rows)

Grouping by motor action can be seen in examining the two-dimensional devices. Since they are
in the same sub-column, the tableau implies that tablets and mice utilize similar types of hand
control and that this motor action is different from that used by joysticks and trackballs, which
appear in a different sub-column.
The use of sub-rows to differentiate between devices that are touch activated and those that are
not can be seen in comparing the light-pen and the touch screen. While each utilizes the same
basic motor control, the light-pen requires the use of a stylus. Hence, the two appear in different
sub-rows.
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Figure 1: Taxonomy of Input Devices.
Continuous manual input devices are categorized. The first order characterization is
property sensed (rows) and number of dimensions (columns) Sub-rows distinguish
between devices that have a mechanical intermediary (such as a stylus) between the
hand and the sensing mechanism, and those which are touch-sensitive. Sub-columns
distinguish among devices that use comparable motor control for their operation (From
Buxton, 1983).
The tableau is useful for many purposes by virtue of the structure which it imposes on the domain
of input devices. First, it helps in finding appropriate equivalences. This is important in terms of
dealing with some of the problems which arose in our discussion of device independence.
The tableau makes it easy to relate different devices in terms of metaphor. For example, a tablet
is to a mouse what a joystick is to a trackball. Furthermore, if the taxonomy defined by the
tableau can suggest new transducers in a manner analogous to the periodic table of Mendeleev
predicting new elements, then we can have more confidence in its underlying premises. We
make this claim and cite the "torque sensing" one-dimensional pressure-sensitive transducer as
an example. To our knowledge, no such device exists commercially. Nevertheless it is a
potentially useful device, an approximation of which has been demonstrated by Herot and
Weinzaphel (1978).

Generality and Extensibility
Choosing the input technologies to be used with a workstation generally involves making a tradeoff between two conflicting demands. On the one hand, each task has specialized needs that
can be best addressed by a specialized technology. On the other hand, each workstation is
generally used for a multitude of tasks. Supplying the optimum device for each task is generally
out of the question. A trade-off must be made.
Devices must be chosen to give the best coverage of the demands of the range of tasks. An
important criterion in comparing devices, therefore, is how broad their coverage is in this regard.
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Stated differently, how many squares in Figure 1 can a particular device fill? Graphics tablets are
important in this regard, for example, since they can emulate many of the other transducers. This
is demonstrated in detail by Evans, Tanner and Wein (1981). The tablet is what could be called
an "extensible" device. This property of extensibility is, in our opinion, an important but seldom
considered criterion to be considered in device selection.

Relative vs Absolute Controllers
One of the most important characteristics of input devices is whether they sense absolute or
relative values. This has a very strong effect on the nature of the dialogues that the system can
support with any degree of fluency. As we have seen, a mouse cannot be used to digitize map
coordinates, or trace a drawing because it does not sense absolute position. Another example
taken from process control is discussed in the reading by Buxton (1986a). This is the case of
what is known as the nulling problem which is introduced when absolute transducers are used in
designs where one controller is used for different tasks at different times.

What Our Taxonomy Doesn't Show
Perhaps the main weakness of the taxonomy presented above is the fact that it only considers
the continuous aspect of devices. As the sample tasks discussed earlier pointed out, other
factors, such as the integration of button devices with continuous controllers has a strong impact
on a device's performance. This is clear, for example, in the case of trying to "pick up" and drag
an object with a mouse (where the button is integrated) compared to performing the same
transaction with a trackball (where it is difficult to hold down the button (which is not integrated)
with the same hand that is controlling the dragging motion.
An approach to capturing this aspect of devices is found in the reading by Buxton, Hill and
Rowley (1985). Here, a state-transition representation is developed which brings to light some
very important, yet subtle, differences among devices. As an exercise, the reader is encouraged
to compare a mouse, tablet, and trackball, touch-tablet, and touch-screen in terms of their ability
to make the transitions through the three states (0, 1, & 2) described in the reading. As a further
exercise, try to characterize each of the sample tasks discussed at the beginning of this section
in terms of which of these three states a device must be able to capture before the transaction
can be successfully performed.

REFINING THE DESIGN SPACE: MACKINLAY, CARD & ROBERTSON
Recent research at Xerox PARC has built on this work (Card, Mackinlay and Robertson,1990;
Mackinlay, Card and Robertson, 1990). Their taxonomy captures a broad part of the design
space of input devices. The model captures both the discrete and continuous properties of
devices, (unlike that of Buxton, which could only deal with the latter).
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THE 3-STATE MODEL
Introduction
The next approach to categorizing devices uses state-transition diagrams. The use of these
diagrams to describe interaction with input devices is not new. It was seen as early as 1968 in
the work of William Newman (Newman, 1968b), and the work that follows is deeply indebted to
Newman’s work. The approach to the model that we present here was initially formulated in
Buxton, Hill and Rowley (1985). It was subsequently refined in Buxton (1990). Its strength lies in
the use of a common 3-state model to represent both the requirements of interactive techniques
and the capabilities of specific input devices. Hence, it facilitates the ease with which one can
match device to technique, as well as a vocabulary of comparing devices or techniques to one
another.
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The model is consistent with notion of device state introduced in the PARC model of Card,
Mackinlay and Robertson (1990) and Mackinlay, Card and Robertson (1990). Hence it is
complimentary to that work. And unlike the tabular model of Buxton, discussed above, this one
deals reasonably well with the hybrid discrete/continuous properties of input transducers.
The model can be introduced using common direct manipulation transactions as examples.
Consider moving the mouse without depressing the select button. Here, we would describe the
state of the system as tracking. If, however, we point at an icon, depress the mouse button and,
while holding it down, move the mouse, we would be in a new state, dragging. These two simple
states can be represented graphically, as illustrated in Figure 2.
Now consider now the situation if a touch tablet rather than a mouse was connected to the
system. For the purpose of the example, let us assume that the touch tablet is capable of
sensing only one bit of pressure, namely touch or no-touch.

Button up
State
1

State
2
Button Down

Tracking

Dragging

Figure 2: Simple 2-State Transaction
In State 1, moving the mouse causes the tracking symbol to move. Depressing the
mouse button over an icon permits it to be dragged when the mouse is moved. This is
State 2. Releasing the mouse button returns to the tracking state, State 1.
Release
State
0

State
1
Touch

Out of
Range

Tracking

Figure 3: State 0-1 Transaction
Assume a touch tablet. In State 0, moving the finger is out of range (OOR), so has no
effect. When the finger is in contact with the tablet, the tracking symbol follows the
finger's motion (State 1: tracking). The system returns to State 0 when the finger
releases contact from the tablet surface.
In this case we also get two states, but only one is common to the previous example. This is
illustrated in Figure 3. The first state, (State 0), is what we will call out of range, (OOR). In this
state, any movement of the finger has no effect on the system. It is only when the finger comes
in contact with the touch tablet that we enter State 1, the tracking state seen in the previous
example.

Haptic Input

4 January, 2009

Buxton

4.10

Developing a Taxonomy of Input

Each example has one state that the other cannot reach. Lifting a mouse off of one's desk is not
sensed, and has no effect. No interactive technique can be built that depends on this action.
Consequently, State 0 (the OOR condition) is undefined. Conversely, without some additional
signal, the touch tablet is incapable of moving into the dragging state (State 2). To do so would
require a signal from a supplementary key press or from a threshold crossing on a pressuresensitive tablet (Buxton, Hill and Rowley, 1985).
Stylus Lift

Tip Switch Open

State
0

State
2

State
1
Tip Switch Close

Stylus On
Out of
Range

Tracking

Dragging

Figure 4: State 0-1-2 Transaction
Assume a graphics tablet with stylus. In State 0, the stylus is off of the tablet and the tip
switch in its open state. Moving the stylus has no effect since it is out of range (OOR).
When the stylus is in range, the tracking symbol follows the stylus' motion (State 1:
tracking). Extra pressure on the stylus closes the tip switch, thereby moving the system
into State 2.
There are, however, transducers that are capable of sensing all three states. A graphics tablet
with a stylus would be one example.1 This is illustrated in Figure 4.
The three states introduced in the above examples are the basic elements of the model. There
can be some variations. For example, with a multi-button mouse (or the use of multiple clicks),
State 2 becomes a set of states, indexed by button number, for example, as illustrated in Fig. 4.
Button(a) Up

State
2(a)

Drag
Original

Button(a) Down

State
1

Button(b) Up

Tracking

Button(b) Down

State
2(b)

Drag
Copy

Figure 5: State 2 Set
With a multi-button mouse, for example, multiple State 2's are available. For example,
selecting an object with buttona may cause the selected object to be dragged, whereas
selecting the object with buttonb may mean that a copy is dragged. Multiple State 2s
can also be realized by multiple clicks on the mouse, as with the Apple Macintosh,
where single clicks are used to select and double clicks are used to "open."
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While the model is simple, it will be shown how important properties of devices and interactive
techniques can be characterized in terms of these three states, and how this representation can
be used in design.
The three states are not arbitrary. The usefulness of the representation depends on consistency
in labeling of the states. For example, Figure 2 and Figure 3 are both two-state diagrams.
However, in Figure 2 the first state is labeled “1”, while in Figure 3 it is labeled “0”. The reason for
this is the desire for consistency. “State 1” is the same in both cases, even if it is the first state in
one example and the second in the other. The diagrams look the same but the semantics are
different. The significance of this will become clearer as we work through other examples.
Finally, I have chosen to refer to states by number (State 1, for example) rather than by
description because the action performed in a particular state can vary. For example, State 2
could just as easily been "inking" or "rubber banding" as "dragging." The ordinal nomenclature is
more neutral, and will be used.

Devices and Transactions: Tabulating Attributes
Two tables are presented. The first summarizes the demands of a number of transaction
types expressed in terms of the states and state transitions that they require from a
supporting transducer. The second summarizes the capabilities of a number of input
devices, expressed in terms of this same type of state information. By comparing the two
tables, a simple means is provided to evaluate the match between transducers and
transactions.
State
Transaction

0

Point
Pursuit Track
Point/Select
Drag
Rubber Banding
Sweep Region
Pop/Pull Menu
Ink
Char Recognition

State State
1

√

2

Notes
√
√
√
√
√
√
√
√
√

√
√
√
√
√
√
√

State 2 motion
State 2 motion
State 2 motion
State 2 motion
State 2 motion
State 2 motion

Table 1: State Characteristics of Several Classes of Transaction
A number of representative types of transactions are listed showing their state and state
transition requirements. This table is of use as a means to help verify if a particular
transducer is well suited to that class of transaction.

State 1-0 Transitions and Gestures
Transitions from State 1 to State 0 are not significant in most direct manipulation systems. As
stylus-driven interfaces using character and gesture recognition become more important, so will
this class of state transition. The reason is that this signal is a prime cue to delimit characters.
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You can think of it as the need for both the system and the user to be able to sense and agree
when the pen has left the "paper."
If this cue is to be used in this or other types of transitions, it is important to note that input
devices vary in how well they signal the transition. In particular, the majority of tablets (touch and
otherwise) give no explicit signal at all. Rather, the onus is on the application to sense the
absence of State 1 tracking information, rather than on the transducer to send an explicit signal
that the pointing device has gone out of range.
Not only does this put an additional burden on the software implementation and execution, it
imposes an inherent and unacceptable delay in responding to the user's action. Consequently,
designers relying heavily on this signal should carefully evaluate the technologies under
consideration if optimal performance and efficiency are desired.
State
Device

State State

0

Joystick
Joystick & Button
Trackball
Mouse
Tablet & Stylus
Tablet & Puck
Touch Tablet
Touch Screen
Light Pen

1

√
√1
√
√
√

2

Notes

√
√
√
√
√
√
√
2
√

4
√3
4
√
√
√
4, 5
√2

6
6

√
1. The puck can be lifted, but shape and weight discourages this.
2. If State 1 used, then State 2 not available.
3. Button may require second hand, or (on stick) inhibit motion while held.
4. Has no built in button. May require second hand. If same hand, result may be
interference with motion while in State 2.
5. State 1-0 transition can be used for selection. See below.
6. Direct device. Interaction is directly on display screen. Special behaviour. See below.
Table 2: State Characteristics of Several Input Devices

A number of representative input devices are listed showing their state and state
transition properties. This table is of use as a means to check if a transducer meets the
state characteristics required by a particular type of transaction.

Point/Select and State Transitions
Point and select is an integral component of most direct manipulation interfaces. The transaction
is compound: pointing, which is a continuous task, and selection, which is binary. In our
vocabulary, the binary selection signal is represented as a state change.
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As commonly implemented, the pointing task is undertaken in State 1, and the selection is
articulated by a State 1-2-1 transition, with no motion in State 2. This can be easily supported
with any of the devices in Table 2 that have plain check marks (√) in the State 1 and State 2
columns.
Some transducers, including trackballs, many joysticks, and touch tablets do not generally
support State 2. For the most part this is due to their not having buttons tightly integrated into
their design. Therefore, they warrant special mention.
One approach to dealing with this is to use a supplementary button. With joysticks and
trackballs, these are often added to the base. With trackballs, such buttons can often be
operated with the same hand as the trackball. With joysticks this is not the case, and another
limb (hand, foot, etc.) must be employed2. As two-handed input becomes increasingly important,
using two hands to do the work of one may be a waste. The second hand being used to push the
joystick or touch tablet button could be used more profitably elsewhere.
An alternative method for generating the selection signal is by a State 1-0 transition (assuming a
device that supports both of these states). An example would be a binary touch tablet, where
lifting your finger off the tablet while pointing at an object could imply that the object is selected.
Note, however, that this technique does not extend to support transactions that require motion in
State 2 (see below). An alternative approach, suitable for the touch tablet, is to use a pressure
threshold crossing to signal the state change (Buxton, Hill, Rowley, 1985). This, however,
requires a pressure sensing transducer.
The selection signal can also be generated via a timeout cue. That is, if I point at something and
remain in that position for some interval ∆t, then that object is deemed selected. The problem
with this technique, however, is that the speed of interaction is limited by the requisite ∆t interval.

Continuous Motion in State 2
Unlike point and select, most of the transactions employing State 2 require continuous motion in
that state. These include:
•

Dragging: as with icons;

•

Rubber-banding: as with lines, windows, or sweeping out regions on the screen;

•

Pull-down menus;

•

Inking: as with painting or drawing;

•

Character recognition: which may or may not leave an ink trail.

Consequently, two prerequisites of any supporting technology are:
•

State 1 to/from State-2 transitions

•

Ease of motion while maintaining State 2.

The first is more obvious than the second, and has been discussed in the previous section.
It is this more obscure second point which presents the biggest potential impediment to
performance. For example, this paper is being written on a Macintosh Portable which uses a
trackball. While pointing and selecting work reasonably well, this class of transaction does not.
Even though both requisite states are accessible, maintaining continuous motion in State 2
requires holding down a space-bar like button with the thumb, while operating the trackball with
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the fingers of the same hand. Consequently the hand is under tension, and the acuity of motion
is seriously affected, compared to State 1, where the hand is in a relaxed state.

Direct Input Devices are Special
Direct input devices are devices where input takes place directly on the display surface. The two
primary examples of this class of device are light pens and touch screens.
In terms of the model under discussion, these devices have an important property: in some
cases (especially with touch screens), the pointing device itself (stylus or finger) is the tracking
"symbol." What this means is that they "track" when out of range. In this usage, we would
describe these devices as making transitions directly between State 0 and State 2, as illustrated
in Figure 6.

Release
Contact
State
0

State
2
Contact

Passive
Tracking

Selection

Figure 6: State 0-2 Transitions
With direct devices such as a light pen and touch screen, the pointing device (pen and
finger, respectively, is the tracking mechanism. Hence, State 1 is bypassed. Since the
tracking is passive (the system does not know what is being pointed at until contact),
this tracking state should not be considered as State 1.
Another way that one might think of characterizing this would be as a simple State 1-2 transition,
as shown in Figure 2. There are at least two reasons that this is not done, however. First, in this
case the tracking is passive. The system has no sense of what the finger is pointing at until it
comes into contact. This is a significant difference.
Second, there are examples where these same direct devices are used with an explicit State 1.
For example, light pens generally employ an explicit tracking symbol. Touch screens can also be
used in this way, as been shown by Potter, Shneiderman, and Weldon (1988), and Sears and
Shneiderman (1989), among others. In these touch screen examples, the purpose was to
improve pointing accuracy. Without going into the effectiveness of the technique, what is
important is that this type of usage converts the direct technology into a State 0-1 device.
Consider the case of the touch screen for a moment. Choosing this approach means that the
price paid for the increased accuracy is direct access to State-2 dependent transactions (such as
selection and dragging). Anything beyond pointing (however accurately) requires special new
procedures (as discussed above).
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Aside Concerning the Human Factors Literature
We can gain a certain insight if we try to relate Table 1 to the human-factors literature that applies
to input (as summarized in Milner, 1988 and Greenstein and Arnaut, 1988). Note that by far the
two most common experimental tasks are pursuit tracking and target acquisition.
Both of these tasks are essentially state-1 motion tasks. When we look at the table, or consider
where we actually spend our time in direct manipulation systems, these two tasks are not at all
representative. Pursuit tracking is virtually never used except in games, aeronautics and military
applications. It's relevance to mainstream usage is secondary at best.
Target acquisition is certainly relevant, but so are dragging, sweeping out regions and character
recognition, for example.
What the model and the tables make clear is that there is a very large gap in the literature where
State-2 motion tasks are concerned.

Summary and Conclusions
A state-transition model has been presented that captures many important aspects of input
devices and techniques. As such, it provides a means of aiding the designer in evaluating the
match between the two. While discussed in the context of well-known devices, the model can be
applied to newer classes of transducers such as the VPL dataglove (Zimmerman, Lanier,
Blanchard, Bryson & Harvill, 1987).
The model goes beyond that previously introduced by Buxton (1983) in that it deals with the
continuous and discrete components of transducers in an integrated manner. However, it has
some weaknesses. In particular, in its current form it does not cope well with representing
transducers capable of pressure sensing on their surface or their buttons (for example, a stylus
with a pressure sensitive tip switch used to control line thickness in a drawing program).
Despite these limitations, the model provides a useful conceptualization of some of the basic
properties of input devices and interactive techniques. Further research is required to expand
and refine it.
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