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Creating Accessible Science Museums With
User-Activated Environmental Audio Beacons (Ping!)

"Steven Landau, MArch , , William Wiener, PhD, :j:Koorosh Nagh shineh, PhD, and
§Ellen Giusti, MS

"Touch Graphics, Incorporated, New York, New York;
'iGraduate College, Western Michiga n University, Kalamazoo, Michigan;
:~Depa rtmen t of Mechanical and Aeronautica l Engin eering, Western Michigan University, Kalamazoo, Michigan ; and
*Department of Exhibition Evaluation, American Museum ofNatura l History, New York, New York

In 2003, Touch Graphics Com pany car r ie d out re
search on a new invention that promises to improve
accessibili ty to science museums for vis ito rs who are
vis ually im paired. The system, ni cknamed Ping!, allows
users to navigate an exh ib it area, list en to audio de
scriptions, and interact with exh ibits using a cell
phone-based interface. The sys te m reli es on com p u te r
te le p hony, and it inco rpor ate s a network of wirel ess
environ men ta l aud io beacons th at can be triggered by
users wishing to travel to d estinations they choose.
User test in g ind ica tes that th e sys te m is effec t ive, both
as a way-fin d ing tool and as a means of providing ac
cessib le in for matio n on museum con ten t. Follow-up
develo p men t p roj ects will d etermin e if this app ro ach
can be successfully implemented in o ther sett ings an d
for o ther user populations.

Key Words: Com p u te r tel ephony-Blind-Visually
im paired-Museum-Accessibili ty- Way-find ing-Au
d io d escription.

Thi s article reports on a federally funded re
search project carried out by Touch Graphics Com
pan y that included the design , implemen tation,
and testing of a new approach to making public ex
hib it spaces, such as science museums, more ac
cess ible to visitors who are blind, visua lly im
paired, or otherwise print disabled, The system in
cludes a wire less network of user-activated audio

Dr. Wiener is now with Marquette University, Milwaukee, Wis
cons III ,

Address corr espondence and reprint request s to Mr. Steve n
Landau, Touch Graphics, Incorpora ted, 330 West 38th Street,
Suite 1204, New York, NY 10018.

beacons that are triggered thro ugh a te lephone in
te rface. In the study, visitors navigated the exhibit
space usin g cell phones, independently choosing
which exhibit components to move to; when they
reached a chose n destination, they listened to au
dio description of the relevant exhibit content and
triggered local events, all wit h thei r phones. On
completing their museum visit, users were asked
to an swer a series of survey questions, again using
th e phone, about their experiences in the mu seu m
that day. The hardware/software solution relied on
is an innovative combination of existing , proven ,
and cost-effective technologies . The work may lead
to the introduct ion of a suite of products and ser
vices that could eventua lly be useful in a wide
ran ge of applications beyond the first target of
mak ing science muse ums more access ible.

BACKGROU ND

People who cannot see well have two separate
problems that interfere with the ir benefiting from
many science museum exhibits. First , they often
cannot independently find activities wit hin muse
ums, and second, in man y cases they cannot see
the display or access in terp retive or explanatory
materials. Many blind and visua lly impaired per
sons do not venture into science museums because
of a history of frustration. This substantia l popu
lation of between 4 and 12 million persons (Kirch
ner & Diament , 1999) is effective ly shut out from
th e self-improvement an d entertainme nt that are
central to the mission of most muse um s (Fried
man , 2000). When science museums are publ ic in-
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stitutions, failure to provide access to everyone
also raises troubling legal and ethical questions.

Since the implementation ofthe Americans With
Disabilities Act, many science museums have tak
en steps to improve general accessibility to their
facilities; wheelchair ramps and lowered counters
are of great help to people with mobility impair
ments. Captioned videos provide access to this me
dium for deafvisitors. Recently, museums have be
gun looking for ways to extend this policy ofinclu
sion to members of the community who are blind,
visually impaired, or otherwise print disabled. So
lutions to access for this group are much less ob
vious than the physical requirements of people
who use wheelchairs. Nevertheless, practical so
lutions should be found to eliminate barriers and
to ensure that everyone has equal access to these
important resources.

Some work has been done in this field. The Talk
ing Signs product, first developed at Smith Ket
tlewell Eye Research Institute in San Francisco
(Bentzen & Mitchell, 1995) and now manufactured
by the Talking Signs Company of Baton Rouge,
Louisiana, has been deployed at several museums,
including the Mashantucket Pequot Museum in
Ledyard, Massachusetts. Touch Graphics, Inc.,
created a Talking Kiosk, which included an inter
active, touchable, raised-line map of one exhibit
space at the Boston Museum of Science in 1999
(Touch Graphics, Inc., 1999). And in 2000, the New
York Hall of Science demonstrated a handheld au
dio guide system that provided extensive audio de
scription of exhibit offerings (Friedman, 2000).

CONCEPT

In 2001, Steven Landau, a sighted inventor, and
Ellen Rubin, an expert in museum access who is
blind, collaborated on the first concept for a net
work of addressable environmental audio beacons
that could be controlled by blind or visually im
paired museum visitors using cell phones. Inspired
by the computer networking technique of sending
out an individualized signal and listening for its
echo, the inventors nicknamed the system "Ping!"
The idea for Ping! was inspired by three simple ob
servations:

1. Most individuals who are blind and visually im
paired receive training in Orientation and Mo
bility (O&M), which teaches them to navigate
around local obstacles as they move from place
to place. O&M also teaches strategies for keep
ing track of the relationship between one's cur
rent position and a desired destination point, in
terms of both distance and bearing. However, it
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is often quite difficult to maintain awareness of
one's position in open space without recogniz
able landmarks or audio cues.

2. One of the most pressing requirements for way
finding in complex exhibit spaces is access to
overview information about the environment,
including knowledge about the general layout
and the range of activities available that are
relevant to one's interests and intellectual abil
ity, and the proximity of various possible des
tinations to one's current position.

3. More and more, portable telephones are becom
ing an essential part of the blind and visually
impaired person's traveling kit; the simplicity
and familiarity of the tactile interface, the non
visual nature of phone interactions, and the
telephone's low cost and ubiquity make it an
ideal assistive device . As usage fees continue to
drop and as gaps in reception are filled in, there
are good reasons to believe that more and more
blind individuals will begin to rely on cell
phones (Fruchterman, 2003 ).

In 2002, the developers were awarded a Phase 1
Small Business Innovation Research Grant from
the National Science Foundation. The project
called for the installation and evaluation of a fully
functional version of the system in the New York
Hall of Science (NYHoS) during the first half of
2003. What follows is a report on the experimental
design and findings generated in the course of car
rying out this work.

FUNCTIONAL OVERVIEW

For the version of the system that was imple
mented in NYHoS, up to three simultaneous blind
or low-vision museum visitors call a toll-free phone
number using their own cell phone or a cordless
phone lent to them for the duration of their mu
seum visit; callers interact with a computerized
human-voice narrator, making choices in response
to spoken menu options by pressing keys on their
phone or by saying numbers that correspond to
choices . Callers choose a personal Ping! attractor
sound from a catalog of available chirps, whistles,
and other tones that have been specially designed
to be easy to use for estimating direction and dis
tance and that are also not distracting or annoying
to other museum visitors. Once selected, a sound
is removed from the catalog of attractor sounds
that are offered to the next user to log onto the sys
tem. When the current user leaves the museum or
logs out of the system, his or her Ping! sound is re
stored to the list.

Once they have been assigned a sound, users se-
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no.1

exhibit space

back-of-house

FIG. l. Schem atic diag ram showing system components.

doors, unlike GPS systems , which currently re
quire direct visua l contact with three or more cir
cling satellites.

At the completion of the visit, the system nar
rator asks the caller to particip ate in a customer
survey. Survey questions call for eithe r a numeri 
cal response (e.g., "Please rate your level of inte r
est in the subject matter from 1 to 5") or a spoken
message th at is saved to the computer's hard dri ve.
The results of the survey and statistics on which
activit ies are visite d and for how long are recorded
to a database tha t automatically produces a record
for each user of the Ping! syste m. Later, we are
able to query the database to learn about usage
patterns and cus tomer sa tisfaction.

• A PC outfitted with a computer te lephony ex
pansion board (Dia logic's D41/JCT-LS; In tel,
Santa Clara, CA). This board handles up to four
simultaneous phone callers and connects via

TECHNICAL OVERVIEW

The Ping! syste m is based on a new application
and configuration of existing, proven technologies .
At the most basic level, the syste m incorporates
th e following components (see the diagram in Fig .
1).

lect a destination that interests th em from a list of
possible places; the destination list is presented in
orde r from nearest to farth est (in res pect to the ir
current position), so th at callers have the ability to
factor in distance considerations in determining
which destination to choose. Then , when they
press a designated key, their Ping! sound is sent
(via ra dio signal) to a wire less audio beacon located
at the requested destination. They listen for th e
sound and make th eir way toward the destination ,
triggering the sound as often or as seldom as they
want to assist them as they navigate, while nego
tiating local obstacles encountered during travel.
The sound occurs at th e exact instant that th e
phone key is pressed, to mak e it easy to listen for
an d to get a fix on, even over the din of a crowded
exhibit floor.

When users arr ive at th e desired destination,
they are instructed to press a different key, at
which point the phone provides audio description
of the exhibit content. Thi s includes a description
of the physical layout of th e exhibit , discussion of
th e concepts being presented, and directions for in
teraction. If the exhibit offers othe r experiences or
optional information that has to be request ed, this
is done by pressin g appropriate keys on the phone
to trigger local events. For example, at one exhibit
on the topic of the size of molecules, sighted visi
tors ste p on a sca le and touch an icon on a com
puter display to see their weight, in molecules, dis 
played on the scree n. We add ed a feature to th e
Ping! syste m software th at allows a blind or visu
ally imp aired visitor to press a key on th e phon e to
initiate th e weight calculation, which is then spo
ken aloud from th e exhibit 's sound system.

When participants are ready to move on to the
next activity or to exit the exhibit, th e syste m al
lows them to select a new destination (from a new
list of possible destinations, again organized from
nea rest to farthest ) and to travel th ere in the sa me
fashion. If th e new destination is far away (more
than 20 ft or 6.5 m) from the current position, th e
computer cons tructs a "ste pping-stone" path that
calls for the visitor to follow a chain of audio at
tractors, indicating arriva l at ea ch one by pressin g
a des ignated key on the phon e. The computer
"knows" where the caller is at any time becau se the
caller announces arriva l at each destinati on upon
reaching the audio beacon . This approach to loca
tion awareness differs from strategies now being
developed by oth er compan ies, for which GPS
equipped portable compute rs provide instanta
neous position information th at is linked to tex t
based databases of environmental information and
descriptio ns (May, 2003). It can also be used in-
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FIG. 3. A photograph of one of the experimental beacon s.

Power
Switch

• A low-power FM radio transmitter connected to
the computer's audio output, with an antenna
located in the exhibit area.

• User-owned cell phones or cordless phones lent
to visitors from the museum's information desk.

• A collection of wireless audio beacons, housed in
compact metal enclosures, at each destination
or way-point in the exhibit space (see Fig. 2, a
schematic diagram of one beacon, and Fig. 3, a
photograph of a beacon). The beacons consist of:
• a 12-volt DC, 5 amp/hr sealed lead acid re

chargeable battery;
• a radio receiver tuned to the same frequency

as the transmitter;
• a dual-tone, multifrequency (DTMF) activat

ed relay placed in-line with the audio output
from the receiver; this device "listens" for an
encoded string of tones that uniquely identi
fies each beacon , and it momentarily closes
the speaker circuit upon hearing the correct
DTMF code;

• a low-power audio amplifier; and
• a speaker.

DESCRIPTION OF THE RESEARCH AND
DEVELOPMENT EFFORT

The 6-month undertaking focused on solving a
variety of technical and usability issues and cul
minated in an experimental installation in the
NYHoS exhibit space. The NYHoS is an ideal lab
oratory for the demonstration, because it tends to
be noisy; it includes a variety ofexhibit station con
figurations; and some of the exhibits are poten
tially highly accessible to a blind and visually im
paired audience, with plenty of audio, tactile, and
olfactory content. NYHoS was also the site of an
earlier research project that focused on creating an
audio tour for the museum that would be accessi
ble to a blind or visually impaired visitor (the cur
rent project builds directly upon this previous
work; Friedman, 2000 ).

Thirteen wireless audio beacons were installed
in exhibit casework, and additional beacons were
mounted at restrooms, in the cafeteria, and along
a route between the exhibit floor and the main in
formation desk in the lobby, through some doors
and down a flight of steps, about 300 ft away (see
Fig. 4, a floor plan of the museum, showing the
route visitors take from the main information desk
to the exhibit floor).

A computer server that controlled all system in
teractions was set up in a secure back-of-the-house
location. Audio content, adapted from the muse
um's existing audio guide program, was digitally

Power "V Antenna
Indicator I
-0- . ~--~

I I ~?I+r ! + . I r -12v FM _=-. <:
DC Receiver . DTMF

r . Relay

. .

FIG. 2. Schematic diagram of an indi vidu al wire less au
dio beacon . DTMF = du al-tone, multifrequ ency.

twisted-pair wiring to phone lines installed by
the telephone company.

• A software application created with a voice mail
authoring system, Pronexus's VB Voice (Otta
wa, Ontario, Canada), used as a set of routines
and tools for the programming environment, Mi
crosoft VB.net (Redmond, WA). The software
controls the system and manages all user inter
actions and connectivity to the Microsoft Access
database. All voice messages are prerecorded
human speech (not synthetic speech) for good
comprehension of potentially complex descrip
tions and instructions. Current text-to-speech
engines do not adequately permit the precise
and nuanced rendering oflanguage that this ap 
plication demands.
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Legend

•• •• • Roule to Phase 1
Exhibit Site

+Wireless Beacon
Location

2 Num bers Indicate
Sequence of a
Stepp lngstone Path

FIG. 4. A plan of one floor of the New York Hall of Science, showing a travel route connecting the main inform ation desk
with the exhibit floor. The route included a "ste pping-stone" path consisting of start and finish points and two way-points.

recorded and saved to the computer's hard drive as
individual phrases that also included instructions
for usin g the system. The experimental design was
orga nized so as to shed light on the system's effec
tiveness , especially in relation to a set of specific
questions that needed to be clarified prior to cre
ating a permanent version of the system.

First, research had to be carried out to study the
implications of multiple users accessing the sys
tem and moving through the exhibit space simul
ta neous ly. From a technical point of view, there
are no significant obstacles to accommodating
mul tiple users; computer telephony-based call
center equipment and software are designed to
handle vast numbers of simultaneous interactions.
The research plan called for a system capable of
handling four visitors at once, but the user trials
included groups of three participants moving
through the exhibit space together, and the fourth
phon e line was reserved for outgoing calls , used
when a participant chose to be connected to a live
member of the museum staff. A permanent instal-

CREATING ACCESSIBLE SCIENCE MUSEUMS

lation could be configured to accommodate many
more, but it is still uncl ear what a desirable target
for simultaneous call handling will be. Specifically,
we need to know whether two or more users can
"ping" their way toward the same destination at
the same time without becoming distracted or con
fused by one another's sounds, and we want to con
firm that computer performance does not suffer
during periods of high numbers of simultaneous
callers.

One of the most interesting and powerful possi
bilities for the system described here is that mul
tipl e-step routes could be followed to destinations
that are far away from a user's current position .
Assume, for example, that the visitor has just fin
ished studying the min eral exhibits on the first
floor and wants next to move to the dinosaurs on
Level 4. If th e entire museum were outfitted with
beacons, it is not difficult to imagine that the sys
tem could first guide the user to a nearby elevator
and instruct th e user to go to the fourth floor.
When the elevator door open s upstairs, the user
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could listen for his or her Ping! sound and continue
to the dinosaurs in similar fashion.

To implement the stepping-stone functionality,
we constructed a database of route sequences that
could connect any starting point to any finishing
point. Given a large facility, that suggests a very
large number of potential routes. However, be
cause the computer knew the starting point for any
given journey (if the caller had used the Ping! sys
tem to get there), the task of selecting an appro
priate route appeared to be straightforward. Also,
special tools had to be developed to help the system
determine the starting location of a journey if the
user had traveled to the most recent destination
without using the Ping! system. To do this, we end
ed up building a tool called "Find Yourself' that
was accessible via the Settings menu. When this
option was selected, the computer played that cal
ler's Ping! sound, in sequence, from beacons all
around the museum. The caller listened and then
pressed the key that corresponded to the beacon
number that sounded loudest; the computer was
able to deduce the general area in which he or she
was standing, and the list of choices for the next
journey was recompiled so that destinations would
be presented in order from nearest to farthest .

We were also concerned that users could find the
idea of following a series of stepping stones con
ceptually hard to master. Some research has been
carried out on this subject and has demonstrated
that most blind people, even some with profound
intellectual limitations, are able to follow sounds
to navigate, even when routes involve a series of
linked steps (Lancioni, O'Reilly, Oliva, & Braca
lent, 1998). Usability testing was designed to shed
additional light on the practicality of this strategy
for way-finding across long distances.

One of the most important elements ofthe Phase
1 research revolved around perfecting the acous
tical properties of the Ping! sounds that were to be
issued from the audio beacons. Dr . William Wiener
of Western Michigan University and Adapt Enter
prises, a subcontractor for the project, is a recog
nized expert in audition for travelers who are blind
or visually impaired. Dr. Wiener and his staff set
up a preliminary experiment in which visually im
paired and blindfolded participants were asked to
rate potential Ping! sounds based on a number of
criteria. This portion of the work focused on an
swering a number of related questions:

• How many different sounds can be distin
guished in a single environment ?The answer to
this question would tell us how many users
could simultaneously use the system without
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becoming confused by other users' Ping! sounds.
Based on the results of early user tests, we de
cided to limit the catalog of Ping! sounds to nine.

• What frequencies provide the most directional
sounds ? In Dr. Wiener's earlier work, this ques
tion is addressed (Wiener & Lawson, 1997). Fur
ther investigation and testing were done to con
firm that the ranges set out in Dr. Wiener's ear
lier research are also effective for the conditions
we anticipated at NYHoS.

• What frequencies can be used most effectively to
help users estimate distance?The Ping! system
offers the advantage over some existing way
finding systems (e.g., Talking Signs.' ) that rela
tive distances between the user and various des
tinations are apparent. Acoustical research was
carried out to determine which sounds make for
the most accurate distance guessing.

• Which sounds are the least objectionable to oth
er visitors? One of the most potentially serious
drawbacks of the system is that it might prove
irritating to other museum visitors, especially in
quiet or contemplative environments. Many
people complain about the audible street cross
ing signals that have been installed in some cit
ies, because of the repetitious, relentless nature
of the sounds (Gallagher & Montes de Oca,
1998). This problem is largely mitigated here,
because the sounds are heard only when one or
more blind users is present, and then the sounds
are played irregularly and only for short periods
during travel to destinations. However, re
search and testing had to be carried out to en
sure that the selected sounds are especially
pleasant. The development team recognize s
that accessibility features must not be viewed as
in any way diminishing the experience of non
disabled persons if the system is to achieve
widespread acceptance. This product should be
a welcome addition to the museum, not a nui
sance to be tolerated.

• What volumes are reasonable? Because some
users might have partial hearing loss, and be
cause ambient noise levels are unpredictable,
we offered the user a volume control for the
Ping! sounds. However, the range of adjustment
had to be carefully studied, weighing the need to
make accommodations to possible user needs

I Talking Signs is a trade name of th e Talk ing Signs Compa ny
of Bat on Rouge, Louisian a . The Talking Signs approa ch calls for
use rs to ca rry an infrared receiver capable of playin g short audio
loops when th e handheld un it is point ed at anyone of a number
of tran smitters located in an environment. Volume does not
change as the user approaches th e tran smi tter.
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FIG . 5. A blind participan t in user test ing exploring the
museum with her cell phone in one hand and her long cane
in th e other .

agains t the potential for interfering with th e en
joyment of other visitors, and adding unneces
sarily to th e complexity of the user interface.

EXPERIMENTAL DESIGN

Use r t rials were carried out over two weekend
days in July 2003 during normal museum hours
(see Fig. 5, a photograph of a blind participant ex
ploring the museum). In four separate sessions, we
brought groups of three museum visitors who were
blind or visually impaired to th e museum and
asked them to use the Pin g! syste m for a period of
1 hr (for a total of 12 participants). The partici
pants , recruited from local schools and organiza
tions for visually impaired people, had been pre
qualified for th e experiment through a phon e sur
vey by th e project coordinator, which confirm ed
that ea ch was at least 12 yea rs old, knew how to
opera te a telephone, and was fluent in En glish . Of
the 12, 7 were totally blind, and th e remaining 5
ha d varying degrees of residual vision. The youn
gest participant was 15 years old and the oldest
was 56. The age of onset of visual imp airment
ran ged from birth to 30 years. One person had mild
hearing loss, and one was a below-the-knee am -

CREATING ACCESS IBLE SCIENC E MUSEUMS

pute e. For all but one, English was their primary
language, and all 12 were experienced users of
touch-tone phon es.

Prior to th e actual I-hI' test , partic ipants were
given a basic overv iew of the syste m. They were
each issu ed a standard cell phone (Kyocera Model
2325, Verizon Wireless, New York , NY) an d were
shown how to place and hang up a call. We decided
to disallow participants using thei r own cell
phones because we wan ted to neutralize potential
differences cau sed by familiarity with the equip
ment. Next , the participants were brought to a des
ignated "exhibit ent ry" point and instructed to
place a call to 888-338-PING , the sys te m's toll-free
phone numb er. For the next hour, the parti cipan ts
explored th e museum, visiti ng exhibits and other
destinations (restrooms, cafeteria , and th e main
information desk ). Each participant was followed
by one of the museum 's "explainers," local college
students who are typicall y available on the exhibit
floor to offer help to visitors and to answer ques
tion s and who were trained by the project eval ua 
tor to ensure that th ey understood standa rds for
ethical treatment of human subjects. Here, the ex
plainers' job was to observ e the participan ts' ac
tion s, offering help only when it was requested of
th em. At the end of th e I -hI' period , each partici
pant was intervi ewed by an explainer to supple
ment data collected on the phon e about their im
pressions and recommendations for syste m modi
fications and improvements.

FIN DINGS

Overall , th e tria ls showed that a user-activated
audio beacon syste m can provide way-finding in
formation and exhibit -rela ted inte rpretat ion un 
der naturalistic conditions, that is, when several
visually impaired users are simultaneously inter
acting with th e system during a time when other
visitors are in the museum . Equipment malfunc
tions occurred during the trials (as might be ex
pected in a prototype implementation study); how
ever, all participants were able to success fully fol
low their personal Ping! sounds, reach destina
tions they had selected, and inter act wit h exhibit
components. Malfunctions included dropped calls,
which required participants to start over again,
and problems related to the repleni shment of the
catalog of Pin g! sounds, so that several times, par
ticipants were informed th at no sounds were cur
rently available for th eir use.

Of the nine Ping! sounds that were made avail
ab le as sonic attractors , some were selecte d more
often than others. In general, th e sounds that in-
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corporated higher pitch frequencies in a recogniz
able or identifiable pattern appeared to be most
popular, although some of these may have benefit
ed from their position at or near the beginning of
the list. Bird calls were especially popular, perhaps
because their familiarity served a mnemonic pur
pose.

The presence of mainstream visitors did not ad
versely affect users' ability to navigate successful
ly. Likewise, based on observation and anecdotal
evidence collected by the project staff during the
test, mainstream visitors were not distracted by
the beacons : They appeared to associate the Ping!
sounds with the ubiquitous beeps and chirps of the
interactive museum exhibits. In most cases, the
Ping! sounds were audible over typical levels of
ambient noise, although when large groups of chil
dren were present, some difficulties were reported
by users trying to listen for their sound over the
din. Users did not report feeling self-conscious; one
said that because the sounds were not coming from
him, but rather emanated from the destination
point, other visitors were not necessarily aware
that he was responsible for making the sounds
happen.

The system recorded the number of times Ping!
sounds were activated during travel to destina
tions or between way-points along a "stepping
stone" route. The average number of Ping! sounds
used to travel along one leg of a journey was 22,
varying from a low of 7 to a high of 84. Some users
triggered their Ping! sounds almost continually as
they traveled. Others were much more sparing,
pressing the key and then thinking a bit before
moving. Overall, participants who were accus
tomed to traveling independently had no trouble
following their Ping! sounds. This is not very sur
prising, because people who are blind or have low
vision typically use auditory cues when moving
through unfamiliar spaces, and they are experi
enced at deducing the direction and distance to a
localized sound in the environment. Participants
who were less skillful at traveling on their own had
greater difficulty following their Ping! sounds. Ta
ble 1 illustrates participants' assessments of how
easy or difficult they found using the system.

Of the 12 participants, 2 rated their experience
with the system as excellent, 6 said it was good, 2
reported it to be fair, and 1 rated the experience as
poor. No participants said that the experience was
very disappointing.

GOALS FOR FUTURE RESEARCH

In Phase 1, we carried out preliminary acousti
cal research that called for a small population of
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TABLE 1. Participant ratings of difficulty in using
the system in way-finding

Both easy
Question Easy and difficult Difficult

How easy or difficult did
you find using the sys-
tem for way-finding? 8 4 1

How easy or difficult did
you find using the sys-
tem for way-finding
along a "stepping-
stone" route? 5 5 2

human subjects to express preferences on sample
attractor sounds. The results of this study were
used to settle on the catalog of sounds that were
then offered as choices to users in the museum tri
als. The next step will be to analyze the Phase 1
results and to draw more objective conclusions
about the acoustical properties of sounds that
proved to be most effective for navigation and least
annoying to the general museum visitor popula
tion. We hope to perform a statistical evaluation of
the Ping! sounds that were most often chosen by
users and to develop hypotheses regarding the fre
quency, duration, timbre, and dynamic range of
those sounds that worked best at guiding users to
destinations and that required users to trigger the
sound the fewest times during travel. The findings
of this research will be used in refining the catalog
of sounds, to develop sounds that are more effec
tive and identifiable and even less obtrusive. Fur
ther research will examine the effectiveness of
way-finding using improved Ping! sounds. Finally,
the research will compare travel efficiency be
tween individuals who travel in a museum without
Ping! with those who travel with the benefits of the
Ping! apparatus.

During the museum user tests , ambient noise
conditions varied significantly. The museum tends
to be very busy in the mornings, when numbers of
school and camp groups are at the highest, and
much more empty and quiet in the afternoons.
Some users said that they had difficulty hearing
the phone messages and the Ping! sounds when
the museum was crowded, and they wished for a
volume control that would allow them to adjust the
volume easily. Although the system did include a
control that allowed the user to boost the volume
of the sounds via the Settings menu, this wasn't
seen as very effective by the users. It may be better
to actively monitor the level of background noise
on the exhibit floor and to automatically and con
tinuously adjust the volume levels as noise levels
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change. From a technical point of view, this is a
straightforward proposition; however, even with
this feature, some users might still want to control
sound levels to compensate for their own hearing
loss , and a Sett ings option for adjusting the volume
of th e phone messages should be added to th e ex
isting one that controls loudness of the Ping!
sounds the mse lves.

We foresee a future revenue model for Ping! in
which all serve r activity occurs at a single central
location for multiple facilities where the apparatus
has been install ed. Th e economies of sca le gener
ated by this approa ch will probably outwe igh th e
extra complexity it implies; by setting up a call cen
ter with 100 or more telephone lin es, we can max
imize the hard ware and line fees investment by
balancing periods of high activity at one in stall a
t ion against simultaneous low usage at another. In
order to achieve this arrange ment, we hope to in
stall local computers th at handle only the distri
bution of Ping!sounds to destination-mounted bea
cons at each museum where th e system is in
stalled. Th e local computer would receive infor
mation regarding which sound to transmit to
which beacon, in real t ime, across the In ternet.
There are some technical issues tha t must be
solved before this server-client organization can be
realized. In particular, it will be important to en
sure that the user does not perceive a time lag be
tween pressing the phone key to trigger a sound
and hearing it in the mu seum space . This is chal
lenging, beca use of the mul tiple steps and distance
separating the user 's action and th e system's re
sponse that is implied by use ofIn te rnet transmis 
sion.

Also, in future work, we hope to refine the hard
ware components used in the audio beacon tech
nology. In the existing devices, FM radio receiver s
are used to "hear" a DTMF code that "unlocks"
them for 0.5 s, during which time the Pin g! sound
is pla yed. Although this system proved to be quite
effective for a small sys te m, it has dr awbacks that
would become more apparent whe n the numbers of
beacons and users increase. Now, only one signal
can be broadcast at a time, so th at as more users
log on to the system, the odds imp rove that one
particular user's triggering of his or her Ping!
sound will be blocke d by that of anot he r.

For the reasons set out in the previous para
graph, our ambitio n for Phase 2 is to develop a new
beacon design that relies on a wire less fidelity (Wi
Fi) based (802.11 protocol) trans miss ion sys te m for
sending sign als from the computer that generates
the Ping! signals and rece iving the m at the bea
cons . In this configuration, a trans mitter (with re-

CREATING ACCESSIBLE SCIEN CE MUSEUMS

peaters set up as necessary to blanket a large fa
cility) would send out commands to beacons, which
would each be assigned a uniqu e IP address; this
would serve the sa me purpose as the DTMF relay
and would "unlock" appropriate beaco ns only for a
particular travel route embarked on by a user. The
Wi-Fi modem would communicate with an audio
output device similar to the inex pensive MP3 play
ers currently on the market . The player would
maintain the catalog of Ping! soun ds in nonvo latile
Erasabl e Program mable Read Only Memory
(EPROM); th e signa l delivered by the faci lity 's
Ping! server would send out an instruction, for ex
ample, th at Beacon 17 is to play Pi ng! Sound 3.
This differs from the curre nt method, in which the
Ping! sound itself is output from the computer's
sound card and played over the FM transmitter, a
system that causes problems when it comes to han
dling large numbers of users, because the sound
card is effectively "tied up" during the entire 0.5 s
of a trans mission, the reby blocking an y other re
quests for Ping! sounds.

In Phase 1, we incorporated Tier 1 Nuance
speech re cognition capability (Nuance Communi
cations, In c., Men lo Park, CA). Alth ough it was
possible for a user to operate the sys tem solely by
speaking into the phone (instead of pressing keys),
we ran in to some technical difficult ies here that
significantly re duced the practicali ty of this meth 
od of interacting with the sys te m. We found that
noises other than the user's speech could trigger
events in unpredictabl e ways, and that even the
speech coming from the phone's own earpiece
seemed to interfe re wit h the recognition engi ne's
accuracy. In the end, we had to disable the sys 
te m's "barge-in" feature, which is designed to allow
the user to speak whi le a message is bein g played ,
the reby cutting off the remaining narration and
caus ing the system to accept the user's ut terance
as a legitimate word to be recognized and respond
ed to. So, in order to use the speech capability of
the system, the user had to wait until the narrator
had completely finished the instruction message
before being heard. On the othe r hand, key presses
were always respond ed to immediately, which
proved to be more sa tisfying for impati en t users. It
is worth noting that of 11 respondents, only 1 in
dicated that he or she preferred using speech over
pressing keys to interact wit h the system.

It is not yet clear how to reso lve the speech rec
ognit ion dilem ma; either we should abandon offer
ing this feature, or it must be significantly im
proved. Clearly, for some users, speech is desir
able, either because of physical disabilit ies that
precl ude manipula tion of the small keys on cell
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phones," or because they have not yet learned to
touch-type on a phone keypad by referencing all
keys to the position of the "5" key, which normally
includes a tactile marking. With further research,
we may be able to refine the grammar settings that
control the speech engine's recognition accuracy
and rejection thresholds for nonspoken audio in
terference, in which case it may be possible to in
corporate speech tools more successfully than was
done in Phase 1.

IMPLICATIONS FOR COLLATERAL
RESEARCH DIRECTIONS

Touch Graphics Company has started a conver
sation with producers of mainstream museum au
dio guid e systems to consider ways to incorporate
functionality demonstrated in th e Ping! concept in
existing or planned museum guide products. Many
institutions may be unwilling to build and main
tain a dedicated system that services only a small
percentage of their potential audience; therefore,
we hope to work with manufacturers to develop a
single product that is useful for everyone visiting
th e museum. This is the true spirit of Universal
Design , which embodies an approach to product
development that stresses usability by multiple
constituencies, with varying abilities and needs.
We foresee a time when a museum in the market
for a handheld device to provide interpretive con
tent to individua l users could choose to build way
finding capabilities, such as those offered with
Ping!, into their envisioned system. By teaming
with existing providers of mus eum tools, we be
lieve that we increase our chan ces for success at
entering the general market and thereby improve
the odds that effective way-finding can become an
ordina ry feature of many public exhibit spaces.

Although Ping! was conceived for, and was first
demonstrated in , a science museum , we hope to
show tha t this technology and approach are also
suited for deployment in other sett ings. As the pop
ulation ages, and as greater percentages ofcapable
and mobile indi viduals experience normal declines
in visual function and acuity, we must expect an
incre asing demand for products that help to ame
liorate th e difficulties and loss of autonomy that
can be ass ociated with blindness and low vision. In
recognition of this demographic shift, Touch
Graphics is beginning to consider ways that net
worked audio beacons could contribute to improve-

2 Some blind individu als have condit ions that are accompa nied
by reduced fingertip sensiti vity, which may ma ke operati ng keys
on a cell phone difficult or impossible.
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ments in way-finding in nonmuseum contexts. For
example, an independent living center for seniors
could be outfitted with Ping! ; users could navi gate
from their living quarters down corridors to ele
vators, from where they could access each floor and
the facilities available there. We could even extend
the idea of using cell phones for way-finding to in
clude other "remote control " operations such as un
locking doors , indicating floor request s in th e ele
vator, and an endless range of other tasks that
usually require finding and ma stering unfamiliar
equipment and controls. The phone ha s the advan
tage of offering context-sensitive spoken help and
instructions; it is familiar and comfortable, and if
usage charges are reduced to the point that one flat
rate covers unlimited minutes, th ere may soon be
no financial incentive to restrain ourselves from
using it with the freedom with which we currently
consult our wristwatches.

In recognition of the extensibility of th e Ping!
concept , we hope to experiment in Phase 2 with
some non-museum-centered applications. This
will include informal installations of phone-based
way-finding and control syste ms in a varie ty of set
tings. Although these ha ve not yet been deter
mined, some possibilities include

• mounting beacons on pedestrian-activated
crossing signals, so that users can easily find the
button that changes the traffic light;

• installing beacons on th e exterior of buses, next
to the passenger door, so that a user can deter
mine which bus is the one he or she is waitin g
for and then board it ind ependently; and

• placing beacons inside a facility, such as th e
Heiskell Library for th e Blind and Physically
Handicapped in New York City, to facilitate us
ers' moving through th e space, locating stacks ,
and finding the materi als th ey are in sea rch of.

CONCLUSION

Cell phone use is growing explosively: "In 1994,
16 million American s subscribed to cellular phone
services. Today, more than 110 million Ameri can s
are subscribers . Some experts predict that world
wide subscribership will reach 1.2 billion people by
2005" (Gaudin, 2001). As technology and market
penetration improve, cell phones will become
cheaper and more reliable." Historic patterns of
technological convergence suggest th at a single
data appliance will survive and others will wane,

" Cingu la r Wireless is already offering a pro motio na l"24/1" pla n
th at cha rges a sing le rate regardless of usage. Presu mably, othe r
companie s will follow.
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and the cell phone appea rs to be emerging as th e
single indi spensable personal tool for the 21st cen
tury. Communications products th at leverage
growing cell phone populari ty will be more likely
to achieve widespread acceptance th an those th at
rely on less uni ver sal platforms. Furtherm ore, cell
phones are ubiquitous, chea p, and familiar, and
because they rely on an audio and tactile inter face,
they are an ideal tool for individuals who do not
rely on vision as their prim ary means of acquir ing
information about th e world.

The project tha t is the subject of thi s article test
ed a new strategy th at takes advantage ofth ese de
velopments as a way of promoting better accessi
bility to publ ic exhibit spaces for people who are
blind or visua lly impaired. We demonstrated tha t
an effective way-finding and content delivery sys
tem could be built on to the existi ng wire less phone
network. Other researchers are investigating th e
use of new location-aware computer devices to pro
vide access to text-base d information about th e
outside environment (May, 2003). Our team has
chosen, instead, to rely on a simpler , more intu itive
approach that takes advantage of users' existing
skills at trave ling through new environments and
th at does not require them to carry and learn ex
pensive and unfamili ar ha rdware devices.

UPDATE

Since this article was prepared, the research
team has been awa rded a Phase 2 SBIR grant from
the Natio na l Science Found ation (contract No.
DMI-0432973 ) for carrying out additional research
on th e Ping! concept. Ongoing work will res ult in
the installation an d testing of a more advance d
system in the New York Hall of Science in 2004
and 2005.

Ac knowle dgmen ts: This resea rch was made pos
sible through a Phase 1 Small Business Inn ovation
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Research Grant from the National Science Foun
dat ion. We are grateful for the participation of the
New York Hall of Science , Western Michigan Uni
versi ty, Adapt Enterprises, and the Baruch Col
lege Computer Center for Visually Impaired Peo
ple, City University of New York. We also thank
Dr. Alan Friedman, Director of New York Hall of
Science, for his ent husiasm and support for this
work.
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