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ABSTRACT 
Many user interfaces, especially within the context of 
query formulation and user profile editing, require a large 
number of items to be selected or rated. To this purpose 
toggle switches are often used. In this article we show 
how to manipulate interfaces containing large numbers of 
toggle switches in an efficient way. Because toggle 
switches are functionally equivalent to black and white 
pixels, interaction techniques from paint programs can be 
adopted for manipulating toggle switches. A controlled 
experiment shows that painting can significantly speed up 
interfaces containing many toggle switches. To maximize 
time savings, toggle switches should be laid out according 
to frequency of co-occurrences between toggles. 

The presented concept also leads to qualitative improve-
ments. Since large numbers of toggles are rendered man-
ageable using the toggle maps concept, new application 
areas are opened. Applying the painting metaphor to a 
segmented continuum such as time, for example, leads to 
a very efficient timer dialog. By successively generalizing 
the concept to fuzzy values and n-dimensional interfaces, 
multi-dimensional query forms and interactive tree maps 
can be implemented. 
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INTRODUCTION 
Toggle switches are an integral component of modern 
graphical user interface systems.1 Most people would 
think that clicking is all users can do to toggle switches. 
In this article we will show that toggle switches have a far 
larger scope than would be assumed from their utterly 
simple functionality. Efficient manipulation can not only 
improve the performance of many of today�s interface 
applications; it also opens new application areas.  

The problem 
Information systems involve query- and/or personaliza-
tion tasks. Whether retrieving information from databases 
                                                           
1 Mary Valk, as well as Plaisant et al., have done interesting 
work on the visual design of toggle switches [19, 20]. 

or search engines, or whether configuring personal user 
profiles for long-term information systems, such as re-
commender systems, users need to describe what they are 
looking for. A large variety of user interfaces supports 
users in formulating queries [23] and defining user pro-
files. While many systems require textual input, another 
important type of interfaces simplifies the task by gener-
ating sets of items that are then offered to the user. The 
users� task is then reduced to picking or rating these 
items, usually a much simpler task then writing queries 
from scratch. The whole refinement and relevance feed-
back idea is based on this interface concept [24], and 
many personalizable systems offer this type of access to 
the user profiles [18]. Figure 1 shows an example of a 
refinement search. 

 

Figure 1: Query refinement applet of the web 
search engine Alta Vista (www.altavista.com) 

In interfaces of this type users have to provide informa-
tion of the type � does this item represent my information 
interest� , � do I like this item�  or � how much do I like this 
item� . In the shown example this feedback is provided 
using toggle switches associated with the information 
items. Each visible item hides a pull down menu, making 
altogether more than a hundred items and toggle 
switches. 

However, setting a large number of toggle switches can 
be time consuming. How can toggle switches be handled 
in a way efficient enough to manage interfaces containing 
hundreds of such switches? In the example shown in 
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Figure 1 this is done by hiding part of the information 
within a hierarchy of pull down menus. But this way of 
grouping is only useful if the header element really sum-
marizes the contained objects� a condition that is not 
always possible. Would you, for example, have expected 
to find the keyword � jackets�  as a sub-item of the menu 
� shirts� ?  

 

Figure 2: Dialog allowing users to input their per-
sonal TV channel profile. Each TV channel name 
is associated with a toggle switch.  

Another possible solution is to provide good defaults, so 
toggle switches do not have to be set in the first place. 
But what to do if there are no good defaults or too many 
of them? The set of TV channels that users can receive 
depends not only on the carrier like cable or satellite, but 
also varies widely depending on the local provider and 
subscriptions to pay-TV (Figure 2). If the interface pro-
vided extra buttons for every useful default configuration, 
the number of these buttons could easily exceed the num-
ber of actual toggles in the interface. 

Multiple select and painting 
Before going into detail about toggle switches we will 
first take a look at how large numbers of interface items 
are treated in other application areas. One technique 
found here is multiple select: First, users select a subset 
of items, e.g. using a mouse drag or using multiple mouse 
clicks while keeping a qualifier key depressed. This way 
they select cells in spreadsheet programs, icons in desk-
top GUIs, or pixels in paint programs. Then, users select 
a method to be applied, e.g. clear the selected cells, move 
the selected icons, or set the selected pixels to a specific 
color. 

This order (select items first, then select method) is called 
noun-verb order [13]. It is appropriate especially if the 
individual items provide different sets of methods: Once 
the items are selected, the application program is able to 
restrict the list of available methods to those methods that 
are applicable to all items within the current selection. 
The method � empty trashcan� , for example, will only be 
available if the selected item is a trash can and if there is 
something in it. 

But paint programs offer more possibilities. Since paint-
ing programs deal with a single object type only, i.e. pix-
els, the noun-verb application order is not imperative. 
Therefore paint programs provide both the noun-verb 

order as described above, and the verb-noun order, called 
painting. In the latter case some function is chosen, e.g. a 
pen or an air brush (called painting tool) and then it is 
applied continually to all subsequently selected pixels 
(Figure 3).  

Selecting is preferable if several methods are to be ap-
plied to the same, possibly complex, selection. Otherwise 
painting has two advantages over selection. First, if the 
same painting tool is used several times in a row, then the 
tools has to be chosen only the first time, which saves 
interactions in all subsequent paint actions. Second, since 
the manipulation of painted items takes place immedi-
ately, painting gives better visual feedback. 

(a) 

(b) 

 

Figure 3: 
selecting (a) vs. 
painting (b) 

Painting toggle switches 
Since a toggle switch is functionally equivalent to a black 
and white pixel, we can perform on toggle switches all 
the things we can do to black and white pixels. Since a set 
of toggle switches corresponds to a black and white im-
age, manipulating such a set is equivalent to manipulating 
black and white images. As defined in [3], such a set of 
toggle switches combined with one or more painting 
methods is called a � toggle map� . 

REQUIREMENTS FOR APPLYING TOGGLE MAPS 
When are toggle maps applicable? Actually, they are al-
ways applicable. Today�s window management systems 
do not provide any dragging functionality for toggle 
switches. Defining such a function would therefore not 
lead to any conflict, but would still enhance a number of 
applications. However, for toggle maps to be power tools 
the following requirements have to be met: 

1.) Individual items should bear no or only short de-
scriptions or names and should not require much 
time for decision making. Otherwise, users might 
prefer to release the mouse button and click switches 
individually. 

2.) It must be possible to manipulate several toggle 
switches per mouse drag. Otherwise there is no 
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speed-up. This requires two things. First, there must 
be a need to manipulate a significant number of 
switches during individual sessions. Toggle maps are 
therefore not useful as spatial menus, where usually 
only a single item per usage is picked. Second, a sig-
nificant frequency of co-occurrence between toggles 
has to exist and to be reflected by the layout (see be-
low) [9]. Preference dialogs, on the other hand, e.g. 
for customizing printing options of a word processor, 
usually lack such co-occurrence relations and are 
therefore not a good application area for toggle 
maps. 

Both requirement are especially well met in cases where 
toggles represent units from a continuum. In case of the 
timer dialog (Figure 7), for example, individual items are 
fully described by their position which makes recognition 
of individual items very efficient. At the same time, the 
frequency of co-occurrence between adjacent hours and 
days is high, which allows efficient painting. 

LAYOUT 
The goal of toggle map layout is to maximize usage speed 
by optimizing the factors stated in the requirements sec-
tion above. To meet requirement 1, layout has to support 
the recognition of individual buttons. This can usually be 
done by grouping buttons of subjective similarity, so that 
recognizing one button already provides information 
about the neighboring buttons. To meet requirement 2, 
layout has to support effective painting. This can be done 
by grouping buttons that are frequently manipulated to-
gether. Common techniques to accomplish that are non-
metric multidimensional scaling and disjoint cluster 
analysis, e.g. using bottom-up clustering [7]. 

In some applications, e.g. the timer dialog (Figure 7), 
these two layout requirements can be met at the same 
time. In other applications, the two goals are conflicting 
and interface designers have to decide which one to pri-
oritize.2  When making this decision, we can learn from 
the layout of spatial menus, i.e. menus whose items are 
laid-out in an area. Toggle map layout has much in com-
mon with the layout of spatial menus. In both cases, con-
trols are placed in a two dimensional space; in both cases, 
these controls are to be operated using a mouse; in both 
cases, usage speed is determined by layout. See [10, 
p. 261-280] for an excellent overview on layout of spatial 
menus. During the late 1980s McDonald compared layout 
by subjective similarity of items and layout by frequency 
of co-occurrence between items within the context of 
spatial menus. McDonald et al. concluded that � When 

                                                           
2 Similarity and frequency of co-occurrence are related in an 

interesting way within the context of collaborative filtering. 
Here, similarity is defined as frequency of co-occurrence 
within user�s profiles [18, 2], i.e. two items are similar, if and 
only if they occur within the same users� profiles. Because both 
requirements can be met at the same time this allows the crea-
tion of especially useful layouts. 

tasks involve multiple-item selections and minimum task-
execution time is important, frequency of co-occurrence 
offers greater efficiency�  [8]. Kent L. Norman supports 
this conclusion:  � It is likely that in real-world applica-
tions menu layouts based on frequency of co-occurrence 
are, in general, superior to layouts based on similarity. ... 
Rating of item relatedness by the users may result in 
structures that are in some sense meaningful, but not ap-
propriate to the task at hand.�  [10, p.272]. For the same 
reasons, toggle map layout should generally prioritize 
frequency of co-occurrence over subjective similarity. 

But still, there are some application examples that require 
compromises to be made. The layout of the channel pro-
file dialog shown in Figure 2, for example, is a mixture 
between layout by co-occurrence (Channels transmitted 
by the same satellite are grouped together) and layout by 
subjective similarity (sports channels are grouped to-
gether). If layout had only been based on frequency of 
co-occurrence the cognitive effort for reading and recall-
ing channel names might have exceeded the manual ef-
fort for painting. In situations like this, layout has to sac-
rifice part of its potential to the reduction of cognitive 
effort. After all � ...similarity-based layouts are more 
common and appear more natural to users�  [9, p.102]. 

Layout for painting 
In the case of spatial menus, layout by frequency of co-
occurrence reduces the manual effort for manipulating 
items by reducing the distance by which users have to 
move their hand or cursor. But toggle map layout is more 
demanding then menu layout. In the case of toggle maps, 
it is not sufficient to have co-occurring items in relative 
proximity, they have to be adjacent. A paint interaction 
using the pen tool (see below) is only possible, if a path 
exists that connects toggles to paint without being 
blocked by toggles that must not be painted. If the rec-
tangle tool (see below) is to be used, then items to ma-
nipulate should be arranged in rectangles. In the case of 
the rectangle tool, layout can make the difference in user 
effort between a single mouse drag (for details see [5, 4]) 
and a large number of individual clicks. Other painting 
tools require other, particular layouts. Depending on the 
painting tool used in the application, a different layout 
algorithm has to be found. Perfect algorithms are usually 
np-complete. 

Graphical highlighting 
Another strategy for reducing cognitive effort is to 
graphically emphasize the grouping of items. Graphical 
highlighting can help users recognizing related items as a 
group and thus choosing whole groups of items at once. 
For experiments on using color-coding to highlight 
groups of menu items see for example [9]. In Figure 1 
grouping is done by using columns, and blocks within 
columns. In the example shown in Figure 4; TV channels 
are grouped according to their geographical locations. 
The black line shows one possible path to activate the 
highlighted switches with a single mouse interaction us-




