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book. Find this address from your address book and navigate
toit.”

(13) “You need to go to the previously entered destination of
NNNN Castro Dr in San Jose. Please select this address from
a list of previous destinations.” (Note: a real address was
used; it is masked here for security reasons.)

(14) “You would also like to visit the corner of Prospect Rd and
Miller Ave in Saratoga. Enter this intersection of Prospect
Rd and Miller Ave as a new destination.”

(15) “Select Gas Stations as a Point of Interest and use the
navigation system to locate and display the addresses of the
nearest gas stations. Select the 3™ gas station listed on the
second page of the list of gas stations as your Point of
Interest.”

2.4.3 Map Tasks

(16) “You want to view a map of your vehicle and the
surrounding area where you are currently located. Bring up a
map of your current location onto the display screen.”

(17) “Proceed to zoom out from your vehicle’s location on the
navigation map display.”

(18) “Zoom in on the navigation map to a scale of 50 yards.”

(19) “Change the orientation of the map so that the display is
oriented northward.”

(20) “Change the map display from daytime to nighttime
display.”

(21) “Switch from a 2D map image to a 3D map display.”

In choosing the wording to describe each task, emphasis was
placed on colloquial usage, in other words, tasks were not worded
to provide clues to the participant as to which speech command to
use. Any similarities between task wording and the system’s
actual speech commands were not intentional.

2.5 Performance Measures
For each task, the following performance measures were
recorded:

2.5.1 Task Completion

A task was considered “Complete” if the participant was able to
finish the task successfully within the 3-minute time limit. If at 3
minutes the participant was not able to finish the task, the task
was considered “Not Complete” and the experiment administrator
intervened and finished the task for the participant.

2.5.2 Task Time

Total task time needed to complete a task was recorded with a
stop watch. Both the task time including experimenter
intervention (which means total task time recorded was more than
3 minutes), and excluding experimenter intervention (which
means the maximum task time was cut off at 3 minutes), were
recorded.

2.5.3 Task Difficulty

After performing each task, on the same paper packet containing
the list of tasks, the participants rated task difficulty on a scale
from 1 to 10, with 1 indicating “Very Easy” and 10 indicating
“Very Difficult.”
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3. RESULTS

We utilize the results of our analysis in two main ways: 1) to
make system specific recommendations, and 2) to provide general
guidelines for enhancing the usability of the voice or graphical
interface.

System Specific Recommendations. Through our analysis of
individual tasks (see Results by Task), we use the most
problematic tasks to identify areas for system specific
recommendations. These recommendations can be as detailed as
examining the exact steps required to complete that particular
task.

General Guidelines for Voice and Graphical Interface.
Additionally, we analyze the data for more general problem areas
(see Results by Problem Area) to provide guidelines in the overall
design of the voice and graphical interface. These guidelines can
be applied system wide, and are oftentimes general enough to be
relevant to any similar speech interface system.

3.1 Results by Task

The following graphs show results for each task in terms of the
three performance measures described above. (Two graphs are
shown for the performance measure of Task Time, one which
includes experimenter intervention time, and one which excludes
experimenter intervention time).
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(across 30 participants)

The table below (see Table 1) shows the correlations between
Task Completion and the other dependent variables.

Table 1. Correlations between Task Completion and Other

Dependent Variables
Correlation
Dependent Variable Coefficient
Task Time (Incl. Experimenter Intervention) r=0.95
Task Time (Excl. Experimenter Intervention) r=0.91
Difficulty Rating r=0.92

Since Task Completion was highly correlated (r > 0.90) with all
other dependent variables, we used Task Completion as the
marker in identifying areas for making system specific
improvements. In particular, we focused on those tasks where one
third or more of the participants could not complete the task.
Additional conclusions relating to the other dependent variables
will not be discussed here due to their high correlation to Task
Completion. Given these criteria, the problematic tasks are listed
below (see Table 2).

Table 2. Top 5 Problematic Tasks for Participants

Task 3: “Please find Jackie’s contact information, this time by
using voice command to scroll down the list of contacts in the
directory until you find Jackie.”
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Task 9: “You need to find a house located at NNN S Blaney Ave
in Cupertino, CA. Please enter this house address as a destination
into the navigation system.”

Task 10: “You have just realized that the house is actually located
at NNNN Alma St. in Palo Alto, CA, and you need to correct the
address. Please change the destination.”

Task 14: “You would also like to visit the corner of Prospect Rd
and Miller Ave in Saratoga. Enter this intersection of Prospect Rd
and Miller Ave as a new destination.”

Task 17: “Proceed to zoom out from your vehicle’s location on
the navigation map display.”

3.2 Results by Problem Area

After tabulating the task performance data, we did a more
thorough analysis of all the videotaped sessions for all tasks to
understand the causes of confusion and find improvements that
are not necessarily task-specific. Through the experimenter’s
observation of the participants, the assumptions made from these
observations, and the participants’ self-reported comments, we
identified a number of repetitive and consistent problem areas
which disrupted the interaction between the user and the system
and hindered participants’ ability to perform tasks. The problem
areas are system-wide and not specific to any particular task, and
often spanned across multiple tasks. Problem areas we identified
are comparable to those reported in other studies of speech system
usability [3, 4, 5]. Those problem areas that were observed in 5 or
more participants are listed in the table below (see Table 3).

Table 3. Problem Areas Identified
(>S5 participants with problem)

Problem Area # Participants with problem

System Organization

- Global vs. Local Commands 21 out of 30
- Undo or Back 21 out of 30
Push-To-Talk Functionality

- System Playback Interruption 13 out of 30
- System Misrecognition Not Conveyed 10 out of 30
- Microphone On/Off Not Apparent 23 out of 30
- Timing of Microphone On Indication 15 out of 30
Data Entry

- Pace of Data Entry 5 out of 30
- Order of Data Entry 17 out of 30
- Format of Data Entry 19 out of 30
Speech Commands

- Misleading Help Commands 22 out of 30
- Selection of Wrong Command 28 out of 30

To illustrate how problem areas were identified through
observation of a task, we use the example of entering an
intersection (Task 14). During the course of performing this task,
there are a number of problems a participant may encounter.
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Many of these problems (for example, “Microphone On/Off Not
Apparent” or “Global vs. Local Commands”) can probably be
overcome in the 3-minute time frame and successful completion
of the task is still achievable. Other problems may be more
difficult to overcome and thus will ultimately be the main factor
in preventing a participant from successfully completing the task
under 3 minutes. In our analysis (see Table 3), we have provided
a general overview of how many particpants experienced the
problem area, which could have occurred in any of the 21 tasks.

Though one of the purposes of this experiment was to find
system-specific improvements, we feel the problem areas
identified could be generalized to be applicable to any similar
speech system design. We will now discuss each problem area in
more detail, using examples from the particular system evaluated.

3.2.1 System Organization

In using any system, users feel more comfortable when they have
a mental map of how the system is organized. Having an unclear
or overly complicated structure leaves the user feeling lost and
unable to repeat an action that they have just completed. Having
an unclear idea of the system’s structure creates further usability
issues that manifest themselves in different ways.

3.2.1.1 Global vs. Local Commands

21 out of 30 participants had issues identifying which commands
could be used globally (throughout the entire system) vs. locally
(in certain contexts, such as navigation only or radio only).
Global commands included commands such as “Navigate to
[destination],” “Call [name],” or “Enter Destination.” Local
commands included such commands as “Enter Street” which is
only functional when the user is already in the navigation context.
A related issue that exacerbates the problem is not having a clear
delineation between the various contexts. Many systems,
understandably, try to link “Map” and “Navigation” contexts, or
link “Radio” and “CD/Media” contexts. The problem arises when
the system attempts to partially link as well as partially keep these
contexts separate. As with the test system used in this case study,
while “Map” and “Navigation” were separate screens, they both
shared the same color in terms of text font and graphics. This
creates problems due to the global and local commands discussed
carlier. Users are confused as to which command they can use
and when. Contexts, therefore, should be clearly differentiated
both in terms of the speech and graphical user interface to
minimize user confusion.

3.2.1.2 Undo or Back

21 out of 30 participants had issues making a correction to their
task. This happened in two main instances: 1) in making a
correction during data entry, and 2) in returning to a previous state
or menu. The system we evaluated employed two different
commands that were similar but varied slightly in functionality.
“Cancel” allowed the user to stop the current dialogue. (For
example, when the user says “Navigation”, the system repeats
“Navigation” once it arrives at the navigation context, then opens
the microphone. At this point, saying “Cancel” would stop the
dialogue and close the microphone). “Correction” allowed the
user to make a correction to a data entry field. To complicate the
matter, however, saying “Cancel” during a data entry field
(instance 1) does not work because the system attempts to match
“Cancel” to the closest sounding phonetic representation, which
could be a street name, city name, or person name. For example,
during street address entry, saying “Cancel” when the system is
expecting a street name causes the system to find the street name
that sounds most like “Cancel.” In this particular system, there
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was no way to return to a previous state or menu (instance 2).

An example of an interface where this is not a problem is the
computer. Word processing applications have one command
(CTRL-Z) which works all the time, either in instance 1 or 2, and
simply undoes the last user action. It is a feature that almost all
users are familiar with and is easy to understand.

3.2.2 Push-To-Talk Functionality

Although this case study is an evaluation of a speech system
interface, we would like to emphasize that we are not evaluating
the accuracy of the speech recognition technology. Rather, we are
evaluating the usability of the speech interface, in terms of
interaction with the user, pace and timing of dialogue, etc.

3.2.2.1 System Playback Interruption

The particular system used in this evaluation repeated the
command that it heard back to participants, as a method of
feedback and verification. Many speech systems incorporate
some form of this. In the example of the system used for this
evaluation, when the user states “Navigation,” the system repeats
the command “Navigation” as confirmation before changing to
the navigation context. This worked for users most of the time,
but this method of confirmation did not work very well in the
telephone context. 13 out of 30 participants expressed confusion
when the system interrupted them by repeating back the telephone
number digits that they had just entered, prior to their completion
of the entire telephone number entry. While the user can continue
with the number entry where they left off once this happens, 13
out of 30 users did not know this, and instead thought they had to
delete the entire number and start over from the beginning.

A few minor adjustments can be made to this interface in order to
provide more clarity to the user. First, instead of repeatedly
telling the participant to enter a number when a number has
already been partially entered in the telephone number field, the
system could give a command such as “Please finish the number
entry” or “Please continue the number entry” which gives the user
a cue that the previously entered digits are still acknowledged. A
visual cue that can accompany the vocal dialogue is having the
phone number field split into three separate smaller data entry
fields, rather than having one large data field, which would subtly
suggest to the user that the verbal entry can also be broken up into
three separate parts. The system can also wait longer before
interrupting with the playback, as most people cannot verbally
recite an entire phone number without at least one short pause.

3.2.2.2 System Misrecognition Not Conveyed

With any technology that receives input and interaction from a
user, such as speech recognition, it is necessary to convey to the
user whether a misrecognized command is the fault of the system
(speech recognition) or the fault of the user (wrong command
used). The system sometimes asks for verification or asks the
user to repeat the command when it does not recognize a
command. However, above a certain threshold of certainty, the
system does not ask the user to repeat, but rather simply executes
the command. We noticed that in 10 out of 30 cases, the
participant had in fact used the correct command, but due to
system misrecognition and the fact that the system did not ask for
verification, the user thought the wrong command was used and
thus never tried that particular command again. One way to
alleviate this problem is for the system to repeat what it thought it
heard every time, while executing the command which allows the
user to go back and repeat the command if necessary.

3.2.2.3 Microphone On/Off Not Apparent
Given the noisy environment of the vehicle and the fact that
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speech recognition systems cannot yet detect the difference
between human-to-human speech and commands directed at the
system, it necessitates that there is a state when the microphone of
the system is turned on in order to receive commands from the
user, and turned off in order to ignore speech not intended for the
system. In the system that we evaluated, the differentiation
between the microphone on and off states was not always
apparent to the user (in 23 out of 30 cases). The system indicates
that it is ready to receive a command by beeping as well as
showing a microphone on icon on the screen. In order to improve
upon the current interface, we suggest that the icons for
microphone on and off be more visually differentiated. Some
systems make it apparent for the user when they can talk because
the user needs to hold down a button the entire time that speech is
being inputted. However due to the fact that both hands are
occupied while driving, instead we suggest that when the
microphone closes, the system can say “microphone off” to make
it obvious to the user.

3.2.2.4 Timing of Microphone On Indication

As stated previously, the system evaluated uses a short beep to
indicate to the user every time the microphone is on and ready to
accept speech commands. The timing of the beep is such that for
very short commands in rapid succession, the user’s command is
in many cases partially not registered by the system because the
user spoke before the beep has occurred. In such instances, which
happened in 15 out of 30 cases, the pace of the dialogue can be
improved such that it more closely mimics the pace of natural
conversation. Additionally, there can be a buffer so that the
system is listening for a command already, shortly before the beep
occurs.

3.2.3 Data Entry

Given the linear nature of speech input, data entry is a special
consideration. The main use cases of data entry that were tested
are: 1) telephone number entry, and 2) destination entry for
navigation.

3.2.3.1 Pace of Data Entry

In the telephone context, when dialing a phone number, 5 out of
30 participants did not know that digits can be said in groups, for
example, the user saying “650” [wait for system to register]
versus the user saying “6” [wait for system to register], “5” [wait
for system to register], then “0” [wait for the system to register].
This caused considerable frustration on the users’ part because
data entry could easily take twice as long when it is done digit by
digit. One easy way that this could be solved is by providing a
visual cue to users, for example (as stated previously), breaking
up the telephone number field into three separate smaller fields as
opposed to having one long field.

3.2.3.2 Order of Data Entry

Another unique aspect of navigation systems is that sometimes
data entry must occur in a specific order before the system can
move forward. This can be difficult for non-experienced users to
understand, because it is counterintuitive to how a computer
works. It is especially problematic when entering a destination
for navigation.  Given the nature of navigation systems,
oftentimes the database of addresses needs to be narrowed down
before the system can find the proper data. For instance, most
systems require the user to specify the state in the U.S. where the
destination is located before it can find a street. This is so that the
system can narrow down the possible matching streets, since it
does not have the vast memory and processing power of a desktop
computer. When users are not aware of this mannerism of in-
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vehicle navigation systems, this can cause some problems. In 17
out of 30 cases, participants did not know that in order to find the
particular street that they are interested in, they need to have the
correct city first. For example, when the city field is prefilled to
“San Francisco” (from the previous destination entry), unless the
user changes the city to “San Jose” prior to entering the street
name, the system will only look for streets in “San Francisco.”

To alleviate this problem, systems should clearly gray out
unavailable fields, in order to guide the user into the correct order
of entry. The order of the destination entry fields on the screen
itself can also be rearranged. The other option is for the street
entry prompt to clue the user in to the fact that only streets in the
displayed city will be found. For example, changing the prompt
from “Please enter a street” to “Please enter a street in the
displayed city” will alert the user to this fact. If this is not
enough, the prompt can say something more discrete such as “The
city field needs to be updated first before a street can be entered.”

3.2.3.3 Format of Data Entry

Because the system does not possess human understanding of
speech, in addition to the data input that is needed, another piece
of information that needs to be conveyed to the user is the format
of the data input that is needed. This is most apparent in
destination entry tasks. Many participants will enter an address
by saying street and house number all as one string, for example,
“NNN South Blaney Avenue” all as one string for the street field,
rather than saying “South Blaney Avenue” for the street field and
“NNN” for the house number field. Another issue occurs when
entering an intersection. The system asks “Please enter the
intersection.” It is unclear what format the data for an intersection
is supposed to be. Is it the first street, then the second street? Or
both street names at once, separated by an “and”? When
designing a system, these considerations need to be put in place,
because when speaking to another human being, the particular
format does not matter—all formats can be understood.

3.2.4 Speech Commands

The particular wording of the speech commands themselves has a
large effect on the usability of the system. First, many real life
users might not consult the system’s instruction manual, and
second, commands that more closely match users’ natural
predilection will be more memorable, and thus perceived as easier
to use.

3.2.4.1 Misleading Help Commands

In using any unfamiliar system, the user looks to the instructions
given by the system as guidance. When the instructions are
misleading, it is almost impossible for the user to disregard the
misleading information and do what is intuitive to him or her. 22
out of 30 participants came across this problem in the particular
instance of attempting to enter in a destination as an intersection
into the system. In the destination entry process, once participants
specify the city and street, they have the option to enter either a
house number or a second, intersecting street. The voice guidance
at this point tells the participant to enter a house number. It does
not mention that an intersecting street can also be entered at this
time. While a minority of participants were able to intuitively
guess that an intersecting street might also be acceptable by the
system at this juncture, the majority did not figure this out.

3.2.4.2 Selection of Wrong Commands

Commands that most naturally correspond to local dialect are
those that will be most accessible and memorable to the user. Ina
few instances of our evaluation, having a poorly chosen command
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for a particular feature in the system rendered that feature almost
impossible for the user to access, even with the aid of the help
menu list of possible commands. The most poignant example was
the task of zooming out on the navigation display map. While
users are familiar with the terms “zoom in” and “zoom out,” the
system’s commands for this feature were “Map Smaller” and
“Map Larger.” Since this is not the vocabulary that users
commonly use to refer to this feature, even after they had viewed
a list of possible commands, of which “Map Larger/Smaller” was
one of them, 28 out of 30 participants still could not activate the
function. To further confound the issue was the fact that another,
unrelated feature used similar language as what was thought to be
appropriate for the zoom in/zoom out feature. The feature of
“Intersection Zoom,” where the vehicle zooms in on the map
display whenever the vehicle approaches the intersection, was
commonly mistaken for zooming in and out of the map.

4. DISCUSSION

The current study discusses the methodology used and the results
found in our evaluation of the Volkswagen Group speech system.
Questionnaire and videotape data were collected across 30
participants. Statistics were compiled for task performance and
by problem area. Major problem areas in System Organization,
Push-To-Talk Functionality, Data Entry, and Speech Commands
were identified. System specific suggestions as well as general
recommendations for addressing these common speech interface
usability issues were discussed.

An obvious limitation of this study was the fact that it was
conducted while the vehicle was stationary. (Though it has been
reported that speed of performing a speech task is relatively
unaffected by whether the participant was driving or stationary
[7]). However, in order to gain a more complete picture of the
impact of driving on speech system use performance, the
experiment should be replicated in a closed driving course during
real driving, or during simulated driving using a driving simulator.

Although we touched on some visual cues in the context of how
they could have supported the speech interface, a much deeper
analysis into the system in its entirety, speech and visual cues (and
maybe even tactile cues) in conjunction, could provide some more
elegant solutions to improving the usability of the system.

Additionally, the task list could be broadened to cover some other
areas of functionality. The current task list was developed to
research the most common use cases according to our own
personal experiences.

Also, to have a more accurate evaluation of different
implementation details, the same experiment could be replicated
with different vehicle infotainment systems of various brands.

The current study discusses findings and results in terms of
usability from a human perspective. Although current limitations
to speech recognition technology (difficulty distinguishing
between similar sounding words, processing power, and limited
database of commands) constrains much of what the system can
do, the goal of this paper is not to offer a definitive solution that
can be technically realized, but rather to explain why some current
ways of implementation can be confusing to a user. In this way,
we are influencing the future design of our systems by offering
some explanations for the mismatch between the mapping of the
system design and the human brain.
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ABSTRACT

Recently, the use of in-vehicle navigation devices, such as
PNDs (Personal or Portable Navigation Devices) has become
pervasive, and the device functions have been rapidly expanded
and updated. Unfortunately, drivers often have considerable
difficulty using these complex technologies. To improve and
optimize PND user interfaces, the present study suggested
several display improvements for the turning point, which is one
of the critical usability issues. Advanced Turn-By-Turn Display
and Spatial Turning Sound were suggested to facilitate the
preparation of the next turns. Leading Tones for Turning was
also presented to help drivers tune the timing of their turns. We
evaluated these new concepts with domain experts in three
countries, and improved the details of the functions. We are
currently implementing those features and looking forward to
demonstrating new displays on the real product in our
presentation at the Automotive User Interface conference.

Categories and Subject Descriptors

H.5.2. [Information Interfaces And Presentation (e.g., HCI)]:
User Interfaces — graphical user interfaces (GUI), interaction
styles (e.g., commands, menus, forms, direct manipulation),
user-centered design

General Terms
Design, Human Factors, Performance

Keywords
Advanced Turn-By-Turn Display, AUI, GUI, IVTs, Leading
Tones for Turning, PND, Spatial Turning Sound

1. INTRODUCTION

Driving is one of the most attention-demanding tasks in modern
everyday life, with dangerous contexts and complex human-
system interactions. Driving is even more challenging when the
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driver simultaneously uses in-vehicle navigation devices such as
Personal or Portable Navigation Devices (PNDs), because it
requires multi-tasking and can result in additional distraction
from the primary driving task. Not surprisingly, this inattention
to the driving task has been identified as one of the leading
causes of car accidents. Research has pointed out that the
increasing provision of a range of types of complex in-vehicle
technologies (IVTs) means that the problem of driver inattention
is likely to become even worse [1, 5, 9].

To compensate for this risk, the latest generation of PNDs has
adopted more sophisticated navigation features including 3
dimensional maps, a quick spelling, and voice recognition [17,
18]. On the other hand, these new devices also have extended
non-navigation functions involving music, movies and
telephone. Despite the pervasive use of PNDs (which should
make users more familiar), and updated technology (which has
been done in an attempt to make the interaction better), users
still complain about the difficulty of using PNDs. Even the most
basic functions (e.g., entering an address, or learning when to
make the next turn) are still in need of considerable research and
enhancement. For example, various vendors have begun to
support a 3 dimensional display as well as a bird’s eye viewing
angle, but this does not seem to help users identify the precise
time or place to make a turn. Rather, it causes information
pollution by conflicting 3D image with text on it. Previous
research has shown that a visually optimized navigation system
can decrease the total map fixation time and the number of
glances needed to interpret the display [8]. This type of benefit
using abstracted information properly illustrates how we can
overcome the naive realism in display design [13], but it often
remains to be implemented effectively in real devices.

In order to provide a more effective display and safer use of
PNDs, we focused on improving the way to present information
pertinent to turning points, which is the most fundamental
display problem of navigation devices.

2. ISSUES WITH CURRENT TURNING

POINT DISPLAYS

Once driving starts, the PND provides visual and auditory
information regarding turning points. The use of both visual and
auditory cues makes a lot of sense, since it allows the driver to
listen to cues while driving, when necessary. From a more
theoretical perspective, models of multimodal information
processing, such as Wickens” Multiple Resources Theory [16],
have led many researchers to study this multimodal approach,
particularly in terms of the use of spoken turning commands
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from the navigation system [3, 6, 14, 15]. Typically, better
results are obtained with the multimodal navigation system than
with visual-only PNDs. However, there remain considerable
issues still to overcome.

2.1 Turning Point Planning and Preview

The first category of usability problems with turning point
displays relates to the planning of routes, and the planning and
previewing of upcoming turns.

Memory Capacity Issues.

Before getting started to drive, drivers can check all of the
routes to their destination on the PND. They can trace the route
with using a simulation function. They can also get an overview
of important turning points with turn-by-turn list. These
functions are clearly helpful in preparing for driving because
they can form a schema on the entire route. Nevertheless, they
cannot memorize all the directions where they have to go in
every single road. What they can memorize are just overall
destination direction and a few intersections. It is necessary to
provide directions in sequence, and preferably in such a way
that the driver need not look down at the list of turns, or
navigate from map view to list view.

Advanced Planning.

One of the most important reasons why drivers need more
information for further directions while driving is that they
should prepare for turns in advance. Although the current
turning arrow display can make drivers expect the next direction
and prepare for it, it is not sufficient. What if they have to turn
again just after the next turn? If a driver needs to turn left just
after right turning, she must change lanes immediately after the
right turn. Drivers have to decide which lane they will turn into,
depending on the next turning direction after the current one.
The importance of advanced planning in the dynamic context
has been stressed in various fields. For instance, expert
musicians play even unknown scores well, because they read the
next several notes in advance, which allow them to prepare for
the next whole sequence of movements [12]. For drivers, multi-
turn planning needs to be part of the instructions, and presented
before the first turn, in order for adequate sequencing of sub-
goals.

Decision Making.

Even with a PND, drivers in an unfamiliar locale have a high
possibility of missing the correct turning point. Even though
they listen to the voice guidance, they might not have
confidence to turn when directed. Part of the problem is trust in
the technology, and part of the issue is a mismatch between the
instructions and the view out the window. Visual displays on the
small screen are confusing and distracting, and do not have
realistic images. Improving the context of the instructions can
help enhance the match between system and street, and thus
increase the driver’s recognition of the correct turning location,
and therefore trust in the system. As an example, Reagan and
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Baldwin [11] suggested that when voice instructions included a
salient landmark, driving performance was significantly
improved. For example, a voice prompt that says, “Turn right in
five miles at the police station” should lead to better results than
a prompt that does not include the police station landmark.

2.2 Cue Sound Location

Typical turning point instructions include a series of prompts,
progressively closer to the turn. For instance, listeners may hear
a voice prompt at 3km, 1km, and 500m before the turn. While
this may help planning to some degree, to date all of these
sounds are recorded (or synthesized) and played in mono, via a
single speaker on the PND, or via both stereo channels of the car
stereo system. This has the effect that the sound cues appear to
originate either very near to, or in front of the listener (driver).
While this may not be detrimental, per se, it is generally
regarded as more congruent to have the sound cue originate
from the same side as the required action. That is, a right turn
could be cued by a sound coming more from the right side.

2.3 Turning Synchronization

At the first stage of using the PND, many people complain that
they cannot know exactly when or where they are to make a
turn. Even experienced users experience the same problem
because the tuning of their timing is different from the system
timing. Some people simply give up using a PND before they
become familiar with it. Though PNDs currently present various
ways to inform the user of the precise turning point, individual
differences between users will always be a big obstacle to
overcome. Clearly, there is a need for some way for the PND to
overcome the timing-synchronization issue, in order for users to
achieve the fast acclimation and adjustment to the timing of the
various turn prompts.

3. REDESIGN OF TURNING POINT
DISPLAYS AND BENEFITS

Based on these issues, this paper presents several solutions in
terms of visual and auditory displays. Solutions involve two
separate display timing points. One is preparing for the current
turn in advance. The other one is just within a measurable
distance of turning i.e., just before turning. For this purpose,
visual and auditory components are added to each context.

3.1 Advanced Turn-By-Turn Display

First, to predict and prepare for turnings more properly, we
created Advanced Turn-By-Turn Display, which could display
the next several turning directions on the map screen. If the
route requires a second turn soon after the first turn, the PND
automatically displays a piece of additional turning information
beside the current turning arrow. Moreover, if users touch the
arrow, they can check additional turning points (see Figure 1).
Once users touch it again, it will disappear. Otherwise, it
automatically disappears in a few seconds.
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Figure 1. Screen capture of Advanced Turn-By-Turn Display.

It shows several next turning points from left to right.

Suppose that the drivers stop at the crosswalk on the red light,
they might want to check the next few turning points. Previously,
for this, drivers had to enter the menu and navigate several
depths more in order to reach the Turn-by-Turn list. After
checking the list, they had to return to the current map display.
In contrast, by using the Advanced Turn-By-Turn Display, they
can check it by only one touch of the map screen and they can
also leave it on the screen. This means drivers might feel that
the Advanced Turn-By-Turn Display requires navigating a
shorter physical and psychological distance and is more
approachable than the current Turn-by-Turn list in the menu.
Therefore, it can provide drivers with advanced awareness of
future required lane changes and further turns, and can allow
them to be free from our typically limited memory capacity that
might otherwise be a problem when driving a route.

3.2 Spatial Turning Sound

To enhance any potential benefits of cue-response compatibility,
we devised a Spatial Turning Sound (see Figure 2). If the next
turn is right in a mile, the PND may say, “Turn right in one
mile.” To date, it has been generated in mono. In this newer
version, the sound is provided in stereo. That is, if the next turn
is to the right, the sound generates from the right speaker.

Spatial Turning Sound uses the basic perception principle of
spatial sound. It would affect users’ anticipation of the turning
direction. Even if users cannot know it consciously, it might
render a type of subliminal perception like a framing effect.
Users can obtain additional information from the acoustic
properties of sound (such as spatial location) before they
interpret the meaning of the words. This can clearly lessen the
information processing load for drivers. Even if users miss the
message of the voice prompt due to a dialogue with passengers
or radios, they could identify the next turn direction from the
spatialized location of the audio cue. According to Ho and
Spence [7], spatial attention is attracted more efficiently when
information presented to multiple senses originates from
approximately the same spatial region. Thus, Spatial Turning
Sound may play a role in terms of attracting drivers’ attention.

3.3 Leading Tones for Turning

Finally, the sound presented just before turning was redesigned.
This Leading Tones for Turning, generates tones of increasing
duration and pitch, like “Pip.. Pip.. Pip.. PiiiiP” (see Figure 3).
Adding contextual sounds before the exact moment might help
users sense the appropriate timing.
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Figure 2. Screen capture of redesigned voice prompt. Spatial
Turning Sound pans from the center to the right.

S —

Figure 3. Screen capture of redesigned Leading Tones just
before the turning. It consists of a series of leading sounds.

Even though the current concept of presenting a short sound like
an earcon [2] just before turning has been recently added to
many PNDs in order to help turn timing, it still tends to make
users miss the correct timing because the processing from
‘perception’ to ‘behavioral reaction’ requires a certain time.
Drivers still need anticipation and preparation for the precise
turning timing. Leading Tones for Turning can let users perceive
where the next turn is more accurately, and be ready to turn
appropriately. Furthermore, through Leading Tones, users are
able to compute the accurate turning timing by using all of the
series of sounds.

Both these two auditory displays are easy to make and
implement because the device can always use the same files in
each situation. Vision is the most heavily taxed sense in driving,
even though driving requires integration of information coming
from multiple modalities [4]. Thus, the workload of the visual
modality could be lessened by using the additional auditory
modality. Further, all of these new features might help users in
terms of decision making. Based on this additional information
for turning point display, drivers can more conveniently decide
whether to make a turn at a particular time or not.

4. FGI & DESIGN IMPROVEMENTS

We conducted several Focused Group Interview sessions for
gathering experts’ feedback and improving these newer display
design concepts, in the U.S.A., Hungary, and Germany.

4.1 Participants

Seventeen participants (all male) participated in the FGI
sessions. They ranged from telematics system providers and car
audio specialists to salesmen at electronic goods stores.
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4.2 Materials & Procedure

For the Advanced Turn-By-Turn, a simple movie clip was
created in Flash 8.0. For the auditory display features, we
composed wave files using Cubase SX 3.0 and played them via
Microsoft Power Point 2003. Total seven FGI sessions (the
U.S.A. and Hungary = 2, Germany = 3) were conducted
including one to four participants in each Focused Group. FGI
sessions were held at our office or the participants’ office in
each country. At first, a coordinator introduced the new display
design concepts, using the Power Point slides for visuals, and
playing sounds via stereo desktop speakers. Another interviewer
simultaneously took notes of the participants’ comments using a
laptop computer.

4.3 Design Improvements

As a result of subsequent FGI sessions, we gained a couple of
critical improvements as well as the preference of the most of
participants (domain experts). Among them, the present paper
describes two major points pertinent to each display design. The
first one was related to the compatibility issue of the Advanced
Turn-By-Turn Display. Some said that the top to bottom order of
the turning point display is congruent with typical reading flow,
but some preferred the bottom to top because it is compatible
with the moving direction of the vehicle. This meant that
regardless of which design we implemented, about half the users
would have an incongruent display. To solve this compatibility
issue, we changed it into the left to right order. The leftmost
arrow means the nearest turning point and the rightmost arrow
denotes the farthest turn. Since in most of countries except some
at the Middle East, people read from left to right, we could
expect that it would work well.

The next suggestion enhanced the Spatial Turning Sound
presentation. It was suggested that if the sound moves to either
side, the dynamic sound should be more compelling and more
commanding of attention [10]. For these reasons, we developed
new dynamic turning cues to move from the center out to
directed side.

5. CONCLUSION & FUTURE WORKS

This paper presented the visual and auditory display concepts
for facilitating drivers’ interaction with a navigation device and
potential users’ benefits. Subsequent FGI results showed that
experts favored those features and improved the details. These
optimized turning point displays might dramatically decrease
the driver’s perceptual and cognitive load during navigation
tasks which would lead to increased safety for drivers with use
of IVTs. Despite this promising expectation, work is still needed
to further validate those concepts in the context of real driving
with normal traffic sounds. Therefore, future research is planned
to evaluate one of our new models which incorporates those
features.

6. REFERENCES
[1] Ashley, S. (2001). Driving the info highway, Scientific
American, 285(4), 52-58.

[2] Blattner, M. M., Sumikawa, D. A., & Greenberg, R. M.
(1989). Earcons and icons: Their structure and common
design principles. Human-Computer Interaction, 4, 11-44.

[3] Burnett, G., & Joyner, S. (1997). An assessment of moving
map and symbol-based route guidance systems,
Ergonomics and safety of intelligent driver interfaces, 115-
136.

[4] Deblasio, J. M., Jeon, M., Walker, B. N., & Nees, M.
(2009). Designing an auditory display: Report on a case
study for in-vehicle use. Georgia Institute of Technology
Sonification Lab Technical Report, 2009.

[5] Dukic, T., Hanson, L., & Falkmer, T. (2006). Effect of
drivers' age and push button locations on visual time off
road, steering wheel deviation and safety perception,
Ergonomics, 49(1), 78-92.

[6] Gish, K., Staplin, L., Stewart, J., & Perel, M. (1999).
Sensory and cognitive factors affecting automotive head-up
display effectiveness, Transportation Research Record:
Journal of the Transportation Research Board, 1694(1),
10-19.

[7] Ho, C., & Spence, C. (2005). Assessing the effectiveness of
carious auditory cues in a capturing a driver's visual
attention. Journal of Experimental Psychology: Applied,
11(3), 157-174.

[8] Lee,J., Forlizzi, J., & Hudson, S. E. (2005). Studying the
effectiveness of MOVE: A contextually optimized in-
vehicle navigation system. Proceedings of the SIGCHI

Conference on Human Factors in Computing Systems, 571-
580. NY: ACM Press.

[9] Patten, C., Kircher, A., Ostlund, J., & Nilsson, L. (2004)
Using mobile telephones: Cognitive workload and attention
resource allocation,” Accident Analysis and Prevention,
36(3), 341-350.

[10] Polkosky M. D., & Lewis, J. R. (2001). The function of
nonspeech audio in speech recognition applications: A
review of the literature, IBM Voice Systems Technical
Report TR 29.3405, 2001.

[11] Reagan, 1., & Baldwin, C. L. (2006). Facilitating route
memory with auditory route guidance systems. Journal of
Environment Psychology 26, 146-155.

[12] Sloboda, J. A. (1982). The musical mind. Englewood Cliffs.
NJ: Prentice-Hall.

[13] Smallman, H.S. & St. John, M. (2005). Naive realism:
Limits of realism as a display principle. Proceedings of the
Human Factors and Ergonomics Society 49" Annual
Meeting, 1564-1568.

[14] Srinivasan, R., & Jovanis, P. (1997). Effect of selected in-
vehicle route guidance systems on driver reaction times,
Human Factors, 39(2), 200-215.

[15] Streeter, L., Vitello, D., & Wonsiewicz, S. (1985). How to
tell people where to go: Comparing navigational aids,
International Journal of Man-Machine Studies, 22(5), 549-
562.

[16] Wickens, C. D. (2002). Multiple resources and
performance prediction. Theoretical Issues in Ergonomics
Science, 3(2), 159-1717.

[17] www.mybecker.com

[18] www.tomtom.com



Proceedings of the First International Conference on Automotive User Interfaces and Interactive Vehicular Applications
(AutomotiveUl 2009), Sep 21-22 2009, Essen, Germany

AUTHOR INDEX
Aly, M., 99 Heo, U., 145 Palinko, O.,129
Attridge, A., 11 Hermosilla Galceran, D., 57 Park, J., 145
Bengler, K., 19 Honold, F., 47 Pentcheva, M., 79
Bengtsson, P., 121 Inagaki, T., 35 Pitts, M., 11
Berton, A., 47 Irune, A., 107 Poguntke, M., 47
Broy, V., 71 Itoh, M., 35 Rakotonirainy, A., 27
Burnett, G., 107 Jeon, M., 91, 145 Reimer, B., 115
Cao, Y., 75 Joshi, N., 71 Riener, A., 99
Castronovo, S., 75 Kelsch, J., 19, 43 Rydstrom, A., 121
Chang, J., 137 Kern, D, 3 Scherndl, T., 81
Coughlin, J., 115 Kienle, M., 19 Schieben, A., 43
Dambdock, D., 19 Kranz, M., 57 Schindler, I., 43
Davison, B., 91 Kujala, T., 63 Schmidt, A., 3
de Melo, G., 47 Kun, A., 129 Steinhardt, D., 27
Ecker, R., 71 Lathrop, B., 137 Tan, C., 115
Ferscha, A., 99 Lien, A., 137 Tscheligi, M., 81
Fischer, S., 35 Mabhr, A., 75,79 Walker, B., 91
Flemisch, F., 19, 43 Medenica, Z., Weber, E., 57
Frank, K., 57 Mehler, B., 115 Weber, M., 47
Godfrey, K., 115 Memarovic, N., 129 Weinberg, G., 51
Grane, C., 121 Meschtscherjakov, A., 81 Wilfinger, D., 81
Harsham, B., 51 Miiller, C., 75, 79 William, M., 11
Hees, H., 137 Nees, M., 91 Wilson, J., 91
Heesen, M., 43 Paek, T., 129 Yun, J.,, 145

149





