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Abstract

Current information kiosks and automatic teller
machines are mostly accessed by pressing large on-screen
buttons that are displayed on a small touchscreen. This kind
of interaction is suited for simple kiosk systems since their
use does not require versatile interaction. When public
information kiosks gain new markets and new applications
are developed, the need for more expressive human-
computer interaction grows stronger. As a solution we have
developed a kiosk user interface framework called

that provides many different techniques for touchscreen
input and supports them with speech recognition. These
input modalities can be used separately or in parallel. The
choice is l€eft to the user. The system presents the resulting
information in a Web browser and alows browsing by
touching or speaking.

The paper is organized as follows. First, we present
some previous work on interactive kiosks. Next, the
Touch’'n’Speak user interface is described using a restaurant
information system as an example. This is followed by a
detailed description of our touchscreen selection techniques.

Touch’n’Speak that makes use of advanced touchscreerffter that the system structure and framework classes are
interaction techniques and speech recognition. This paper briefly explained. We conclude by discussing our
describes the system and several multimodal interaction development plans for the future.

techniques that are used in it.

1. Introduction

Automatic teller machines and other simple interactive
computer systems are used increasingly in the modern
society. We call them computerized public kiosks or smply
kiosks. Some kiosks just respond to key presses while
others present large on-screen buttons on a small touch-
screen. An automatic teller machine is one of the simplest
kiosk systems and has a specific predefined function.

Many companies provide information kiosks in their
lobby area with which visitors can get to know their
business and spend the waiting time usefully. These
information kiosks can be based on conventional desktop
computers equipped with a keyboard and a mouse, or on a
computer that communicates with the user using a large
touchscreen that is used for both input and output. Still,
with these modern kiosks human-computer interaction is
limited. Current kiosks may have good multimedia
presentation capabilities, but the user can only use
predefined buttons or a slow on-screen keyboard to give
input to the system.

This paper presents a kiosk user interface framework

2. Related work

Even though most public information kiosks are very
limited in their interaction with the user, some experimental
research prototypes have been developed. Digital Smart
Kiosk [1] is a highly interactive advanced kiosk prototype
that senses the user with computer vision and allows
touchscreen input. It presents the information using a
standard Web browser. Cybcérone [3] relies solely on a
touchscreen when interacting with the user and can present
Java-based Web pages in a kiosk setting.

Speech recognition has been utilized in several kiosk
prototypes, like in the MASK kiosk [5] that was used to
provide train travel information and tickets. DINEX [7] is a
speech-aware restaurant guide that is used for the same
purpose as our restaurant system example in this paper.
However, DINEX does not provide advanced touchscreen
techniques to support its speech recognition. WebGALAXY
[4] allows browsing the Web by speaking or typing natural
language queries and navigation commands. Speech is used
as an augmentation to the traditional keyboard and mouse
input in their system. None of these previous kiosk systems
has used speech and touch in the same way as our
Touch’'n’Speak system that is presented in this paper.



3. Touch’n’Speak user interface 3.1. Touch alone

In this section the Touch’'n’Speak system is presented as The touchscreen is used in several ways. First, the
it appears to the user. Our goal was to make the interface asonventional large touch buttons are presented on screen
seamless as possible, and this led us to use just speeckhen needed. For example, in Figure 1 the buttons let the
recognition and touchscreen. Using a keyboard and a mouseser select the criteria that he or she wants to refine.
would require some training for the novices and that is not Pressing a button shows a special input screen, as the one
adequate in public information kiosks. Unfortunately, our for location choice in Figure 1. The search can be started
decision also caused some problems for us since we cannainy time by pressing th&arch button. Second, the user
expect the users to wear close-talk microphones and usean select options in théur options list by touching them.
their time to teach the speech recognition system toFinally, the last use of touchscreen is the most interesting
understand them better. and involves the use of different selection techniques in

We developed a demonstration application that lets thepicture selection. These techniques will be described in
user select restaurants in Cambridge, Massachusetts. Th8ection 4.
restaurant system is based on the Touch'n’Speak
framework that will be described later in this paper. The 3-2. Speech alone
restaurant application is used here to explain the user view | gqdition to touching the options, the user has always
of the system. _an option to speak the same alternatives. For example, in

In the Touch'n’Speak framework and therefore also in he restaurant system, the user can select different criteria
the restaurant system the user has two available inputby saying “Food type”, “Location” or “Price”. The options
modalities: touch and speech. The modalities can be freely; the Your options list can be selected by voice, and the

mixed. For example, the user can start the interaction by,ser can also use some additional voice commands in the
pressing some touchscreen buttons, but can select items byg|ection process, including “Help”, “All", “None”, “Undo”

voice. There are also synergistic interaction techniques that 4 “Notoption”. The undo command is vital since speech

make use of both modalities. These techniques are used ifgcognition cannot be guaranteed to be always accurate.
picture area selections, for example in the map selection in - \yhen the user has defined the criteria and carries out
Figure 1. When this picture was taken, the user wasi,e gearch, the system generates results in HTML form and
selecting a circular area on the map with his or her finger. yresents them in a Web browser. The resulting pages can be
Speech commands were given during the selection t0pqysed using speech in addition to pressing buttons. This
control the selection process, and to carry out the searchg possible even when the Java implementation in the
operation. These interaction techniques will be described iny.q\vser does not yet support the Java Speech API [9], since
detail later in this paper. currently the main application handles the speech
recognition also when the Web browser is displayed to the
user.

Which area do you want to eat in?

3.3. Touch and speech together

Touch'n’Speak makes use of multimodal input allowing

n both touch and speech to be used in the same tasks.
orter square However, true multimodal input techniqgues make use of
Wi T both modalities in parallel. In our framework speech
recognition is used to supplement touchscreen input in

different picture selection techniques. These techniques are

described next.

4. Picture selection techniques

We have developed different kinds of selection
= ~ > techniques that can be used to select a part of a picture. All

s ki of the techniques rely on touchscreen, but speech adds some
value to them if used with touching. Speech interaction is

. o not required to make selections, since it may not be usable
ngisgeﬁt:ﬁz iﬁfi‘?; ;e;h(;anrtiséanﬂ;ngfs%mﬁg: in all 'conditions. For example,. current speech recqgnition
and the options are automatically selected based on this techniques are not adequeate in trade shows in which there
area. is too much continuous and unpredictable noise.

(" Food Type




Two speech commands, “Lock” and “Unlock”, can be implementation would add timer interval as the third
used in all picture selection techniques. They lock and parameter for this technique.
unlock the current selection so that it is not changed . .
accidentally. In addition, speech has an important role in the4-3. Nonlinear z-value based selection

time-based selection technique. _ In our preliminary experiments we noticed that direct

The four picture selection techniques are described next.;;se of the z-value did not result in an appropriate selection
area. The selection area changes too fast, and since the
pressure level decreases rapidly when the user lifts the

This selection technique is based on a timer. When thefinger off the screen, the final selection area was not what
user touches the picture, the selection starts growing as longhe user thought it would be. This problem can somehow be
as the user keeps the finger inside the selection. Thecured with the “Lock” command that can be given using
selection area can be simultaneously moved while it isspeech, but this is awkward and still a linear z-value based
growing by sliding the finger on the screen. This technique selection behaves unsoundly.
has two parameters: timer interval (default 100 ms) and To cure the hastiness of direct z-value mapping, we
increment or decrement (default 5 points). These valuesdecided to introduce a coefficient function to transform the
seemed to work well with our 20” touch monitor. Optimal z-value. Obviously, since direct z-value mapping did not
values need to be determined with user testing. work well, all linearly behaving coefficients would give the

In the simplest case, the selection grows as long as thesame results, just in different scale. That's why we decided
finger is being pressed on the screen and stops growingo experiment with nonlinear functions. One function that
when the finger is lifted off the screen. The selection can seems to behave well is multiplying the z-value by sine of
still be moved around the screen, but its size cannot bez-value/3, in which z-value/3 represents an angle in
changed after it has been completed. During the selectiordegrees. Incidentally, the cosine function did not work well
process, speech commands “Smaller” and “Larger” give thein a similar experiment. The function that we used here is
user an option to change the direction in which the selectionshown in Figure 2 and presents the form of a function that
is changing. In this technique speech gives additionalworks well, at least with Elo IntelliTouch screens.
functionality that would not be possible with just the
touchscreen when the user is making the selection. This is

4.1. Time-based selection

because commercial touchscreens recognize only one touch
point at a time and it is needed for making the selection. 08 /
4.2. Incremental z-value based selection O /
Incremental z-value based selection technique makes 04
use of special z-level detection capabilities of Elo 02
IntelliTouch touchscreens [2]. The screen can detect finger
pressure in 256 levels. This first z-value based selection D P P
technique functions simply so that when the pressure level Pressure

is greater than 128, the selection area is increased by 10
pixels at a time and when the level is smaller than 128, the  Figure 2. The nonlinear coefficient function sin(z-
selection area is decreased by 10 pixels at a time. 10 pixels vaue/3) that we used in our z-level based selection
have proved to be a suitable amount in our experiments. technique.

This kind of selection technique obviously has two
changeable parameters: threshold value (128) and Naturally in this kind of z-level selection technique an
increment or decrement (10). Optimal values depend onimportant decision is which kind of coefficient function is
touchscreen capabilities, i.e., how the pressure is definedused. Since this depends on the touchscreen properties,
and on the speed in which the change is being added ofspecially on the way the pressure is defined, there may not
subtracted from the current value. Elo IntelliTouch screensbe any general solution to this problem. With the Elo
send a mouse event every time the pressure level changes #uchscreens, the selection was too hasty, and thus this sine
the mouse position changes. This has seemed to result in #inction makes it steadier as all z-values are multiplyed by
natural speed in changing the selection area when using ou@ value that is smaller than 1. Also, this function speeds up
default parameter values. Other possible implementationgrowing the area at the highest pressure levels, which is
alternatives include using a timer as in the previous good since pressing the screen hard is not as comfortable as
technique, but defining the size of the area by sampling thepressing it normally. Especially moving the finger while
pressure level when a timer event happens. Thispressing it hard on the screen is not nice.




4.4. Direct selection

The direct selection technique is the simpliest of the
techniques that are presented in this paper, and works as

be ported to Java and used via the Internet. In the current
prototype the reason for using C++ was that Java did not
support speech recognition.

follows. The user draws the radius of a circle with his or her
finger pressed on screen. The circle is drawn at the same
time, and this technique is based on the principles of
conventional direct manipulation [8]. This technique was
implemented to alow comparing a basic direct manipu-
lation technique with our new time- and pressure-based
techniques.

5. General structure of the system

The structure of the Touch’n’Speak system is presented
in Figure 3. The basic functionality of the system is
inherited from the abstract framework claséesonFrame
andDataFrame. The actual implementations depend on the
application. In our example the implementation is written in
classesrestaurantSystem (action) andRestaurant (data).
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Figure 3. The Touch’n’Speak system structure.

A Web browser (Microsoft Internet Explorer) is used to
present the results to the user. The resulting HTML pages
are generated in the application class. The control in the
Web browser is handled by using Java applets that
communicate with the Touch’'n’Speak system using local

Figure 4. A resulting HTML page with three applets that
respond to both touch and speech.

6. Touch’n’Speak framework

In the system level, Touch'n'Speak is not fixed at any
application domain. The framework simply allows the user
to construct an application by writing subclasses for two
framework classes and implementing the application level
functionality in them. The basic interaction services will be
available to the new application by inheritance and will be
accessed by implementing the abstract methods that are
present in the framework classes. We will describe the
framework here by using the restaurant system as an
example of an existing implementation.

6.1. Actions

socket connections. Each applet tells the main system which
speech command it wants to be associated with it, and what

We have defined abstract action methods for certain

will be done when the user speaks this command. When theevents. The actions are defined in an abstract class
user presses a button or speaks its name, the button appléctionFrame that the actual application class inherits. In
sends a message to the main system that executes the actionr example, the application clasRestaurantSystem. The

that was associated with this button. Figure 4 shows angeneral action methods in class ActionFrame are:

example of the resulting HTML pages in the demo
application.

The system is written in C++ and uses a 20" Elo
TouchSystems IntelliTouch screen [2] to detect touch
position and pressure. Speech recognition is handled using
Microsoft's Whisper technology [6]. Whisper is speaker-
independent and requires no training. It also offers pretty
good command and control capabilities that are used in the
Touch’n’Speak system.

When Java Speech API has been released and supported
in major browsers, the complete Touch’'n’Speak system can

InitAction(): called to initialize the system when it is
started.

ExitAction(): called to make the necessary finalizations
when the program is closed.

IltemSelected(): called when an item in the menu has
been selected or deselected (by either touch or
speech).

PictureSelection(): called when an area in the Picture
has been selected by touch.

FinishAction(): called when the main task (i.8earch
in our example) is to be carried out.



ProgrammedPicture(): called when a user-drawn picture
needs to be updated.

FeatureOptions(): returns a list of possible values for a
given feature.

ActionFrame aso has three utility methods that the
application class can call. These are:
L oadHtmIPage(): loads an HTML page in the browser
screen.
ModifySelection(): modifies the selection on screen.
Exit(): exitsthe program.

This set of callbacks and utility methods is certainly not
complete, but is enough for implementing straightforward
information seeking interfaces, as the restaurant system in
our example.

6.2. Data

Data classes present the data that is being manipulated
in the interface. The data is organized as a collection of
objects that can tell the names of the features that are stored
in them and their possible values. This way the framework
is not fixed in any specific application domain, and new
data can smply be defined by inheriting the framework
class. The application data class is a subclass of an abstract
class DataFrame that has the following abstract methods:

FeatureCount(): How many distinct features exist in this

application?

FeatureName(int index): Gives the feature name for

feature with index number index.

GetFeature(String feature): Returns the value of the

feature named feature in this object.

Specifically, in the restaurant system the Restaurant
class has five features: restaurant name, food type, location,
online menu URL, and price category. It will tell about
them to the RestaurantSystem class through the inherited
methods listed above.

6.3. Dialogue states

In addition to the ActionFrame and DataFrame classes,
the dialogue is defined in a configuration file that is
presented in Windows INI file format. The file describes all
states in which the system can be during its use. Below is
the configuration file that is used in the restaurant system.

[ Choi ces]

Choi cel=Food type
Choi ce2=Locat i on
Choi ce3=Price

[ Food type]
SpeechEntry=What would you like to eat?
Attribut es=SAVE MILTI SELECT

[ Locati on]

SpeechEntry=Whi ch area do you want to eat
in?

Attri but es=SAVE BGPI CTURE( 20i nch_nap. bnp)
MAPSELECT MULTI SELECT

[Price]
SpeechEntry=Whi ch price range do you prefer?
Attri but es=RANGESELECT MULTI SELECT SAVE
BGPI CTURE( pri ceopti ons. brp)
Got oDef aul t =St art

[ ConfirmQuit]

SpeechEntry=Are you sure you want to quit?
SpeechUnknown=Excuse ne?

Optionl=Yes

Speakl=Goodbye. $QUI T

Opti on2=No

Cot 02=St ar t

[Start]
SpeechEntry=How can | hel p?
Attri but es=BGPI CTURE( canbri dge. bnp)

The different criterium categories are defined in the
Choices section, which is followed by a section for each
criterium. The program begins by loading the Start state.
ConfirmQuit is a default state to which the system changes
when the user triesto exit the program.

There are a few attributes that can be defined for each
state, the most important of which are described here:

SpeechEntry What the system speaks when the user
enters the state.

OptionXX An available speech command,
numbered successively starting from 1.

GotoXX The state to which the control moves
when command number XX is spoken.

Attributes Special attributes that control the

characteristics of the user interface. The
values are separated by spaces and can
consist of the following items:
MULTISELECT: this state allows multiple selections
SAVE: the selection is to be saved as an input
parameter for the main task.
BGPICTURE(picture.bmp): the name of the picture
that is used in the selection process.
MAPSELECT: circular picture selection mode.
RANGESELECT: rectangular picture selection mode.
PROGRAMMEDPICTURE(name): a user-drawn
picture is defined for this state. The system will
call the method ProgrammedPicture(name) in
the application class to draw this.

All criterium buttons and the start button (named Search
in the example) are always available. The data framework
can be initialized in the inherited application classes. For
example, in the restaurant system the possible restaurants
and their properties are read from a URL that lists
Cambridge area restaurants. That's why there are no Option



attributes in most dialogue states in the example
configuration file; the options are parsed within the data
class. If the MULTISELECT attribute is not defined, the
state is a single selection state which changes to the next
state when a button has been pushed or its speech command
spoken, as in state ConfirmQuit. As an illustrative example
of amultiselection state, the definition of the state Location
can be compared to Figure 1, which presents it on screen.

7. Discussion

We decided to use speech input partly because we did
not want to waste limited screen space in an on-screen
keyboard. Our current techniques do not allow arbitrary
input, but are still more versatile than simple touch button
interfaces.

We were limited to a pretty small vocabulary due to our
design decisions. Since we cannot expect the users to train
the system, a speaker independent speech recognition
engine needs to be used. We would have used a keyword
spotting engine, but none were available for us at the time.
Thus the speech recognition capabilities are pretty limited
in our current system.

During the system development we observed that it is
not very convenient to drag a finger over a touchscreen for
extended periods of time. This is because some pressure is
always needed, and pressing the display while moving the
finger just does not feel right. This led us to develop our
new interaction techniques that do not require the dragging
operation as does the last presented direct selection
technique. The dragging is still used to move the selection
with all techniques, but the user can choose not to use it, but
just make a new selection.

The techniques presented here seem to work well.
However, user tests are needed to compare our selection
techniqgues and check our presumptions of convenient
parameter values for the techniques. We will be carrying
out such an evaluation later this year.

8. Conclusion

Touch’'n’'Speak demonstrates the

n

predefined ones as does a common command and control
based engine.

Our prototype system is one step closer to a natural
information kiosk that is easy to use and powerful both in
presenting the information and in finding out what the user
wants. Much work is still to be done in developing new
touchscreen techniques and augmenting them with speech
recognition. We are just beginning to take full advantage of
these input modalities.
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