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ABSTRACT

The ephemeral nature of sound can be problematic when people cannot recall something they heard.
Motivated by everyday conversational breakdowns, a continuous, near-term audio buffering applica-
tion named the Personal Audio Loop was designed to recover audio content from the recent past using
the mobile phone platform. The investigation of the potential usefulness in everyday life, the level of
ubiquity and usability required of the service, and the social and legal considerations for long-term
adoption is presented. The methods used include a controlled laboratory study, in-situ diary and event-
contingent experience sampling studies, examination of legislation, and deployment of the technology
over several weeks.
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INTRODUCTION

Everyday conversations yll our lives and we are
all very familiar with the kinds of breakdowns
suggested by these simple scenarios:

. You are in a conversation with a friend and
one of you is interrupted. When the conver-
sation resumes, neither of you remembers
what you were talking about.

e You are at a social event and you are intro-
duced to someone new. Minutes later, you
have forgotten the person’s name.

Current mobile phone technologies have the
potential to preserve audio to enable people to
recover needed information in many similar situ-
ations. Thus, the Personal Audio Loop (PAL) is
the product of a multi-year design and research
project focused on developing such capabilities.
PAL is an automatic, audio-based memory aid
that relies on audio capture technologies and the
remarkable human ability to recover information
quickly with only a few bursts of the audio from
that memory.

PAL represents a signiycant case study for the
design of new mobile and ubiquitous technologies.
PAL is exceptional in its design and in its use
because it required emerging technologies and
unique usage models. Additionally, itisapersonal
technology that makes use of public information:
the audio in the environment within earshot of
an individual. In this chapter, the innovations re-
quired for this design case are explored. A mixed
technological and human-centered approach was
necessary to produce anear-termaudio service that
could surviveresearch inthe natural environment
of people’s everyday lives.

The design process addressed multiple ques-
tions of technical and human signiycance:

. Usefulness: Though motivated by observa-
tions from everyday life, how often and in
what situations do people actually need a
near-term audio memory aid?

. Ubiquity: What parameters of this service
would make it available every place and
every time it is needed?

. Usability: How should the service deliver
functionality to maximize its beneyt and
minimize its distraction?

. Social and legal considerations: What
aspects of society may inpuence the uses
and cultural practices surrounding an audio
recording application for everyday life?

PAL andtechnologies like itare becomingincreas-
ingly common, but at the time of its inception,
the design was arguably outside the realm of a
typical person’s experience. Therefore, two es-
sential requirements of the design process were
to allow potential users to interact with aworking
prototype to have a sense of the capabilities and to
answer engineering questions, including important
architectural considerations.

From atechnical perspective, there are several
options for designing an audio-based memory aid
to provide the required capabilities. All of the
designs considered during this process repected
the same basic notion of replaying a buffer of re-
cently recorded audio, but early prototypes varied
in terms of the nature of recording and playback
capabilities. A fully distributed system assumes
an environment equipped with microphones,
speakers, and interface controls to maximize
opportunities for recording and playback wher-
ever and whenever needed. A fully localized
solution provides recording and playback in an
all-in-one package carried wherever needed. A
hybrid solution might delegate the recording in
the environment and use a handheld device that
receives streamed audio from a central repository
for playback.

The complete design process for the Personal
Audio Loop, a solution for an audio-based near
term memory aid that addresses the technical
concerns of an interesting capture and access
application and answers questions from the four
categories described, is presented. The process
involved a series of formative studies that led to
the design of a self-contained service integrated
intoacommercial mobile phone handset, summa-
tive studiesthatexplored real life uses for primary
users, and situated imagined uses that considered
secondary stakeholders.
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BACKGROUND AND RELATED
WORK

Similar Audio-Based Memory
Applications and Technologies

Near-term capture and access applications that
provide audio reminder services have been pre-
viously explored in the ofyce as well as for tele-
phone conversations. Xcapture, originally built
to provide a fidigital tape loopo of a single ofyce,
could also provide short-term auditory memory
of telephone conversations (5 to 15 minutes long)
(Hindus & Schmandt, 1992). Although the system
was designed for use in a setting where social
protocol allows recording, the authors recognized
the privacy issues of subsequent use of archived
recordings and suggested that social expectations
change with use. In MERL’s real-time audio
buffering technique, captured audio persists for
the duration of that phone conversation (Deitz
& Yerazunis, 2001). During the course of the
conversation, a user may tap the phone against
the ear to move backwards in the audio and to
replay any portion of the discussion. This system
does not store conversations and could arguably
pass legislative tests and be socially acceptable.
On the other hand, a reminder application can be
created to preserve the audio for long-term use.
In their investigation of an audio-based personal
memory aid, Vemuri, Schmandt, Bender, Tellex, &
Lassey (2004) created a mobile application for the
iPaq PDA that constantly records, analyzes, and
indexesaudioto identify the bestmemory triggers
for events from daily life. The application stores
short audio clips, which it has determined to be
good memory triggers for an event based on an
analysis of the audio for key features such as the
speaker and the tone of the discussion. Addition-
ally, the system performs speech recognition to
allow the user to perform keyword searches over
the captured content at a much later time.

Relevant Legal Cases and Policies
Legal cases over the past two decades have ex-

posed the contrasting requirements and balances
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of privacy and utility for recording applications.
The experience in the yelds of surveillance in
public spaces and of the privacy of private com-
munications isdrawn from. Among other sources,
European Directive 95/46/EC opinions and rul-
ings by various EU Data Protection Authorities
(DPAs) (British Institute of Comparative Law,
2003; European Commission, 2004), and several
U.S. Supreme Court! rulings were considered.
Despite the ongoing debate stressing the dif-
ferences between the United States and Europe
regarding privacy, legislation regulating the re-
cording of communications by electronic means
isremarkably similar. The mainitemsare the U.S.
Electronic Communications Privacy Act (ECPA)
of 1986 and European Directives 2002/58/EC and
95/46/EC. ECPA regulates wiretap and surveil-
lance and appliestoany electronicrecording device
and conversations (“oral communication”) be-
tween two persons “exhibiting an expectation that
suchcommunicationisnotsubjectto interception,”
even if the conversations were not transmitted
throughatelecommunications network. European
Directive 2002/58/EC covers only personal conver-
sationstransmitted over public telecommunication
networks. However, Directive 95/46/EC applies
to any personally identiyable information which
includes recorded voice conversations, according
to multiple opinions by European national data
protection authorities. Directive 95/46/EC requires
a proportionality assessment between potential
harmand beneyts; however, the personal character
of the application might exempt users from many
provisions, including informed consent.

FORMATIVE EVALUATIONS OF PAL

Based onearly interviews with potential usersand
intuition, it was determined that the platform for
PAL would need to be mobile, computationally
powerful, include a robust development environ-
ment, and feature easily accessible interaction
techniques and an external or attachable micro-
phone. The mobility, ubiquity, and performance
of mobile phones make them an appealing plat-
form for this application but only certain phones
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support the required capabilities. The chosen
Motorola iDEN i730 (Figure 1) clamshell phone
featuresthe J2ME programming environment, an
external microphone, and buttons accessible while
the device is closed and worn while clipped to a
belt on in a pocket. The microphone is capable of
recording voices in a small room with the phone
open or closed in a shirt pocket or attached to a
belt, with higher quality than most PDAs. Ques-
tions about the feasibility of the mobile phone as
aplatform as well as about the nature of situations
that would require use of PAL remained. Thus,
two formative studies were designed to answer
these questions: a laboratory study designed to
answer the questions of usability of the interface
and a diary study to characterize the frequency
and situations of use in everyday life, the full
details of which are available elsewhere (Hayes
et al., 2004).

Laboratory Study: Developing a
Usable Mobile Interface

Mobile phone applications can be difycult to use.
The limited display size and paucity of buttons
or other interaction methods mean that creative
designs are necessary to create feature-rich ap-
plications. PAL required several features includ-
ing the need for quick, unobtrusive access and
interaction techniques that enable ahuman to ynd
relevantmoments inastream of audio. If PAL was

too difycult or awkward to use or took too long
to locate important audio, it would likely not be
less useful for a person.

The Initial Prototype

The laboratory study necessitated a working
prototype capable of testing the phone as an in-
terface to the recent audio recorded in a person’s
surrounding. In its normal operating mode, the
implementation of PAL continuously recordsaudio
fromthe user’senvironment. Audio older than the
buffer length (in the initial prototype, 15 minutes)
is deleted automatically. Recording automatically
halts when the user answers or makes a call. Five
buttons are available on the outside to accom-
modate interactions while the phone is closed
(Figure 1). PAL provides simple audio navigation
features (e.g., rewind), informed both by previous
research on skimming (Arons, 1993) as well as by
commercial video recording services like Tivo™.
PAL includes a simple timeline visualization on
the exterior LCD of the handset indicating appli-
cation status (recording, playback, and direction
of navigation) as well as the playback position in
the audio buffer relative to the current time (the
right edge of the timeline).

Technological limitations and engineering
problems remaining to be solved meant that a
fully functional prototype would take several
months. In addition, developing applications for

Figure 1. Left: The Motorola i730 handset used for PAL. Three buttons control navigation and record/
playback mode. Atimeline on the face of the phone indicates mode and relative place in the buffer. Right:

Example placement of phone when using PAL
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amobile phone isa lengthier process compared to
traditional desktops. However, to test the usability
of the design before exerting such a programming
effort was wanted. As a result, a “tethered” ver-
sion of PAL speciycally for this controlled study
(see Figure 2) was built. For the tethered version,
a Motorola i730 mobile handset was connected
to a laptop computer through a serial connec-
tion. The laptop handled the audio recording and
playback using the Java Media Framework but the
visualization and interaction with the application
was entirely through the i730 handset. The button
events were sent to the laptop through the serial
linkandthe visualization was updated on the hand-
set as events were sent back from the PAL audio
engine running on the laptop. This architecture
provided a quick and easy prototyping platform
for the design. It also provided a way to easily
log the user events as the user interacted with the
PAL application. Without having to worry about
the technical limitation of the mobile handset, a
prototype which was indistinguishable from the
actual wearable version was able to be quickly
created. This early prototype allowed the gather-
ing of quantitative performance metrics as well
as user reactions to the device.

Method

The laboratory study included 18 participants:
students and faculty from the Georgia Institute

Figure 2. Initial prototype of PAL tethered to a
laptop used in a controlled laboratory study
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of Technology. Participants ranged in age at the
time of participation from 18 to 50 and included
yve females. Participants had a background in
Human-Computer Interaction and usability, and
were chosen explicitly with the intent of examin-
ing heuristics such as the mapping of buttons to
functionality and the quality of the visualization.
Participants’ experience with mobile phones
ranged from 7 years of consistent use to no ex-
perience at all (7 participants). The prototype
was demonstrated, encouraging participants to
examine the device and ask questions until they
expressed comfort with its functions.

PAL’s intended use involves the replay of au-
dio for which the user was present initially. The
controlled study, designed to mimic this scenario,
included a scripted dialog of 5 minutes. In this
script, the participants asked researchers prede-
termined questions and researchers replied with
the same answer for every participant. The script
purposely involved a large amount of detail to
increase the likelihood that participants could not
recall the answers to all questions from memory.
After completing the dialog, the researchers who
had been participating in the dialog removed
the script and asked the participants a series of
questions about the information they just heard.
Although the researchers noted whether the par-
ticipantsremembered the information without use
of PAL, they asked every participant to ynd and
play every answer. Participants were encouraged
to “thinkaloud” as they used the prototype andthe
researcherstimed how long ittook anindividual to
ynd the answer, theorizing that this yrst time use
while discussing theiractions would be aworst case
timing for mostusers. Participantsanswered seven
questions, the yrsttwo being practice questions not
used for computing timing results. An exit survey
and semi-structured interview provided further
evaluation of the interface by users and of their
envisioned need for this kind of service.

Results

After ashortdemonstration, all participants were
able to navigate the audio well enough to answer
the questions. The exit survey had users answer
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questions and rate various features on a Likert
scale from 1 to 7, ranging from 1 being “Strongly
Disagree” and 7 being “Strongly Agree”. Ac-
cording to the exit survey, participants agreed
that the device was easy to use with one hand and
small enough to carry at all times. They could
clearly understand the audio even in its highly
compressed form.

With an audio buffer of 15 minutes, partici-
pants required an average of 34.8 seconds to ynd
responses for questions that were known to be
in the in the recorded audio while talking aloud
abouttheiractions. Participants reported the visu-
alization was somewhat helpful in accomplishing
the task but not overwhelmingly so. Thirteen of
eighteen participants actually used PAL without
the visualization, preferring an eyes-free interac-
tion.

Although inquiring about privacy was not a
goal of the controlled usability study, 10 partici-
pants raised spontaneous concerns regarding the
social acceptability of a continuously recording
system. The most common sentiment expressed
indicated that participants were less concerned
about recording their own voice than those of
their conversation partners.

Diary Study: Determining the
Usefulness of PAL

The laboratory study showed the feasibility and
usability of PAL on a mobile phone but it did not
inform about the overall usefulness in everyday
life. A diary study was undertaken to explore the
extenttowhichanear-termaudio reminder service
was needed, looking for frequency and charac-
teristics of potential use. Diary studies balance
the ecological validity of gathering such data in
situ against interruption of everyday activity pow
caused by recording personal observations, par-
ticularly in mobile settings (Czerwinski, Horvitz,
& Wilhite, 2004). Speciyc information relating to
social context including privacy concerns in the
diary entries and during the follow-up interviews
was asked for.

Atthetime of thediary study, aworking version
of PAL onamobile phone was available. However,

it was not ready for full deployment because of
performance and reliability problems. The pro-
totype was more than adequate for the purposes
of demonstrating the system to participants. The
diary study allowed the development of PAL to
continue while still providing important develop-
ment feedback.

Method

Twelve experienced mobile phone users (5 female,
7 male, ranging in age from 22 to 60 years) par-
ticipated in the study. Participants’ occupations
spanned a spectrum of domains, including a
psychologist, a ynance manager, a realtor, a car
dealer, a consultant, a professor, and a full-time
homemaker. A working version of PAL was dem-
onstrated to the participants. Thenthey were asked
to carry small pocket-sized diaries and record an
entry for each incident during the following week
when they would have needed or liked to use the
PAL service. Each page of the diary contained a
simple form to complete for the potential instance
of use, streamlined after an initial trial period.
Eachforminthe diary included space for describ-
ing the content of the audio to retrieve, when and
where the incident occurred, and whether any
persons unrelated to the conversation were nearby.
Participants also estimated how far in the past the
salientaudio contentwasand rated how important
itwas to retrieve that information. Figure 3 shows
an example of an incident survey.

At the end of each week the diaries were col-
lected from the participants and semi-structured
interviews were conducted to examine a subset of
entriesindetail, up tosix diary entries per partici-
pantperweek. The detailed questions probed issues
such as the kinds of information being sought,
the distance of unrelated third parties from the
participants, and the participants’ assessments of
the social appropriateness of using the device in
the speciyc contexts. Each participant who chose
to continue for another week was each then given
anew empty diary to again record incidents. Par-
ticipants could continue with the diary for up to 3
weeks. At the end of the study, semi-structured
interviews with all participants were conducted.

1033



Designing a Ubiquitous Audio-Based Memory Aid

Figure 3. Left: Sample diary entry; Right: Examples of pocket size diaries used in the study
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The weekly and summary interviews allowed the
clariycation of misunderstandingsintheentriesas
well as probing particular issues that were more
difycult to garner from the diary form factor.

Results

Twelve people participated inthe yrstweek, eleven
continued for the second, and eight in the third,
for atotal of 31 participant weeks and 109 incident
reports. On average, participants reported more
than three incidents per week, most of which re-
ferred to data that was less than an hour old with
only 6% from over a day prior. Of the incidents
reported, most occurred in public or semi-public
places (deyned as schools, workplaces, etc.) with
less than a third in private space (predominantly
car and home). In almost half of the incidents,
people unrelated to the audio they wished to re-
trieve (e.g., other customers in a restaurant) were
present. During follow up interviews, participants
asserted that they would not have felt rude towards
their communication partner using PAL in most of
the situations. During the second and third weeks,
participants were questioned about their reactions
if their partners objected. Participants stated that
such an objection would be “not likely” in almost
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every case and indicated that they would not have
complied with the objection, had there been one,
inthree fourths of the questions. When asked how
faraway they would like PAL torecord, two-thirds
chose within a small room (10 feet) and only one
individual requested a large radius, reporting that
he is “just nosy.” Generally, participants were
willing to take the few minutes that would likely
be required to access the data with willingness to
spendtime ynding informationroughly correlating
to the importance of the information.

SUMMATIVE EVALUATIONS OF PAL

Deployment Study: In Situ
Evaluation of Real Life PAL Use

The formative studies of PAL indicated how
people might use PAL but it was difycult to know
if these predictions were true without testing the
service in the “real world.” Thus, arobust version
of PAL was developed on a mobile phone, which
was informed by the results of the laboratory and
diary studies. Having a fully functional system
on the common form factor of a mobile phone
allowed the exploring of how people would use
such a system were it to be widely available.
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The Final Prototype

The PAL application runs continuously on the
i730 handset in one of three modes. The default
mode is recording but that mode can be switched
to either pause or playback. Due to the phone’s
performance limitations, there is some latency in
the overall interaction including an 800-1000 ms
delay for playback to actually begin after seeking.
The laboratory study indicated this delay was still
within a usable range. The phone that was used
has enough memory to support up to 3 hours of
audio; considering silence periods, the phone could
provide recall functions for considerably longer.
For the initial deployment, an arbitrary limit of 15
minutes for the recorded audio buffer was chosen
although the application allows users to set their
own buffer length. The i730 features a high qual-
ity built-in microphone and an external speaker.
The external microphone is sensitive enough to
pick up voices in a meeting room with the phone
closed and in a shirt pocket. This range was suf-
ycient based on the situations found in the diary
study. The PAL application runs over 12 hours
on a fully charged 1400 mAh lithium-ion battery
with it continually recording and an average of 15
seconds of playback every hour.

The PAL application runs with the phone
shell fipipd closed and the user interacts with
the three buttons on the left side of the handset.
PAL can be operated with the handset closed for
complete heads-up operation, especially when
worn on belt clip with a hands free ear bud and
microphone; in this conyguration, the external
display provides status information. When the
user opens the phone pip either to answer a call
or dial a call, the recording pauses. In this mode
it is also possible to browse the recorded audio
and the internal display provides information to
facilitate skimming. The users can skim backward,
forward, and toggle between record, pause, and
playback modes. In playback mode, quick and
simple navigation through the audio stream is
important. PAL is controlled using the available
side buttons of the handset and a graphical display
on the external panel for quick visual feedback.
Whenauserneedstore-listento partof aconversa-

tion, the small buttons are used to skip backward
or forward a yxed amount of time in the recorded
audio stream. This simple forward and backward
jumping allows a user to skim a conversation to
ynd a portion that reminds them of some salient
feature of a previous conversation. The prototype
defaults to a skip backward of 30 seconds and a
skip forward of 10 seconds based onthe controlled
study. Signiycantly different forward and back-
ward jump times were purposely chosen because
similar forward and backward times would cause
too little netchange in skim mode whenalternately
using forward and backward.

It was found that different people have a dif-
ferent conception of which of the two navigation
buttons is forward and which is back. As the
orientation of the phone changes, these mappings
also change. To alleviate this problem the notion
of smart buttons, where the user is never wrong,
was introduced. Each time the user initiates skim
or playback of the recording, the only logical
direction is backwards. The application makes
whichever button the user presses yrst, the back
button. The opposite button becomes forward.
After the user goes back to record mode, the
mapping resets. The next time the user initiates
playback mode, again, the yrst button selected
becomes the back button.

Operating on the metaphor of a running time-
line, the display shows the full 15 minute audio
buffer as a horizontal bar. There are two moving
parts. The yrst is the buffer (dark region of the
horizontal bar) that moves during recording to
show that audio that has been recorded. After 15
minutes or the speciyc buffer length, the entire
bar is ylled in, which will be the case most of the
time. The second movable partisabead that shows
the playback position relative to the recording
position. By looking at the display, the user can
position the playback point relative to the current
recording point. In addition, users can use the
visualization to roughly locate recordings.

To aid human’s inaccurate recollections
(e.g., when something occurred 5 minutes ago
compared to 10 minutes ago), additional context
information on the visualization is provided.
One feature shows the silent time resulting from
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pauses during recording on the visualization. The
recording stops when the user goes into playback
mode, when a call is placed or received, or when
the user explicitly pauses the recording. Since the
timelineisatemporal representation, adead space
placeholder is provided (indicated by white space)
to indicate where the mentioned situations occur
relative to the current audio buffer. The white
space is skipped when skimming. However, there
is an important tradeoff to note with this scheme.
Consider someone who talks for over 15 minutes
on the phone or re-listens for a signiycant amount
of time; most of the buffer would just be ylled
with white space. Therefore, an option for PAL
to record either the last 15 absolute minutes or the
last 15 actual audio minutes is provided. Finally,
a marking feature where users tag important
points in the audio loop is provided. This could
be the result of something heard during record or
playback mode. For example, if the user receives
directions, they may place abookmark at the time
of recording because they know they will need to
go back and access it later. To bookmark, the user
simply taps the large button to indicate a tag point
and a vertical tick mark appears on the visualiza-
tion. The actual mark is placed 5 seconds before a
button press event. In playback mode, holding the
navigation button jumps between markers.

Method

Aworking version of the application was deployed
to four of the diary study participants for 7 weeks.
Furthermore, four members of the research team
also used PAL for over 2 months, one as long as 4
months. During the yrst four days of the deploy-
ment, participants were asked to carry a diary
to note their uses of the device. Throughout the
deployment of the technology, their useswere also
logged. By deploying the devices to even a small
number of users, both expected and emergent
uses could be observed and greater understanding
about the dependency users might develop on the
service could be gained.
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Results

Onaverage, participants used the device more than
twice a week. Although this average is lower than
whatwas indicated by the diary study, participants
also reported an average of 1.5 incidents that they
thought about using the device and chose not to
use it. In one case, the user’s conversation partner
recovered the information before the user was able
to try with PAL. In all other cases, the reason not
to use PAL was reported as forgetting it was avail-
able. Interviews with the users since this initial
probe indicate that ordinary use subsequently
remained fairly consistent with the rate observed
in the yrst 4 days and that the frequency of use for
exploring the application or showing it to others
has decreased substantially. Overall, satisfaction
as reported through qualitative interviews has
been high. All four users requested to continue
using the devicesafterthe yrst4 daysand reported
that they believed they would use them more,
over time. Each user changed the buffer length
(ranging from 10 minutes to 60), the initial jump
backward (ranging from 15 seconds to 60), or both.
Users expressed that conyguring the application
was important and one user even indicated that
he changes the buffer length depending on the
situation he is about to encounter.

In the initial 4 day probe, the most frequently
reported situation for use was to remember
forgotten details (60%). Other unexpected situ-
ations have also been reported in the following
weeks. Speciycally, users have been employing
PAL as an instructional aid. For example, one
user recorded conversations with customers and
then replayed them for an employee in training.
Another recorded a negotiation with an employee
to replay it for another, again as part of job train-
ing. One user regularly used the PAL service to
augment her medical journal. Her physician had
asked her to record data about symptoms. Her job
required a great deal of driving, however, which
made it difycult for her to record these symptoms
by hand. Instead, she chose to speak them aloud
when she could not write them down at that mo-
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ment. She would then pause the recording long
enough to replay it, when she could write in her
health journal.

All of the users expected the service to be
available, reporting that they would choose not to
write information down when itis already spoken
aloud. Ultimately, this expectation of availability
became asigniycanthurdle to long-termadoption.
No user continued to use PAL for more than 6
months. The primary reasons for discontinuing
use were: (1) difyculties encountered when the
operation of the device as a phone and the device
as PAL interfered with one another and (2) annoy-
ance with carrying two phones in the case of those
userswhowerestill carrying their personal mobile
phones as well as the PAL-enabled phone.

Social contract issues recurred more often in
the case of the real deployment than the results
of the diary study had revealed. Users expressed
that conversation partners aware of the device
sometimes responded negatively initially, but
relaxed after the application and its buffering and
discarding functionswere explained. Interestingly,
allfour usersreported informing new conversation
partners about PAL less frequently as time went
by. After several weeks, users had almost stopped
alerting conversation partners altogether. They
would use their own judgment of the situation to
decide if it was acceptable to record. They did,
in fact, sometimes choose not to record despite
reporting wanting to at those times. In both situa-
tions in which they ultimately chose to record and
those in which they turned PAL off, participants
reported deciding not to alert people to the pos-
sibility of the recording. As frequently as users
reported negative social repercussions from PAL,
they also reported positive cooperative uses of the
device. For example, one user’s wife consistently
used PAL on his device by walking near him and
speaking when she needed to remember some-
thing. Despite the in-depth usage information that
was able to be obtained from this deployment of
the service, the choice on the part of the users to
avoid discussing PAL when they thought it might
be confrontational left no in-depth understanding
of the experience of the conversation partners and
others nearby.

Contextualized Survey Study: The
Experience of the Conversation
Partners

Motivated by the results of the diary, labora-
tory, and deployment studies as well as available
legislation and instincts about societal norms, it
was chosen that the problem of PAL be explored
further, from the standpoint of the conversation
partners. As uncovered in the yrst three stud-
ies, primary stakeholders sometimes may have
legitimate interests in using PAL, for example,
due to a memory dysfunction or simply because
of cognitive load. This interest may be opposed
to that of secondary stakeholders or third parties
(who might not want to be recorded, even if only
temporarily, or who might want further explana-
tion of the service when the user may ynd taking
time for this explanation to be inconvenient or
even impossible in the particular situation). Thus,
there is a signiycant question of whose interests
should prevail. A second question considered use
of PAL relating to the proportion of individuals
opposed to the application. If only a small minor-
ity of secondary stakeholders and third parties
oppose PAL and the vast majority does not care,
should the contrary minority be yielded to and a
large market potential be curtailed?

These issues echo the classical ethical debate
between utilitarianismand normativisminthe con-
text of privacy and technology (Terrell & Jacobs,
2002). It was chosen to explore these issues using
the concept of proportionality (lachello, 2006)
borrowed from the legal community. To make
determinationsaboutthe risk and beneyttradeoffs,
the following needed to be understood:

1. Towhatdegree, and inwhichsituations, sec-
ondary stakeholders are most likely to object
to the use of a device that can potentially
cause therecording of their conversation (i.e.,
are objections unqualiyed or do they depend
on the location, the topic, the identity of the
conversation partner, or on the perceived
conydentiality of the conversation?); and

2. Whatapplication parameters (e.g., retention
time) can be adjusted to meet a compromise
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