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ABSTRACT
We present the iterative design of Momento, a tool that pro-
vides integrated support for situated evaluation of ubiqui-
tous computing applications. We derived requirements for
Momento from a user-centered design process that included
interviews, observations and field studies of early versions
of the tool. Motivated by our findings, Momento supports
remote testing of ubicomp applications, helps with partici-
pant adoption and retention by minimizing the need for new
hardware, and supports mid-to-long term studies to address
infrequently occurring data. Also, Momento can gather log
data, experience sampling, diary, and other qualitative data.

Author Keywords
Mobile Devices, Wizard of Oz, Rapid Prototyping, Experi-
ence Sampling, Diary Studies

ACM Classification Keywords
H5.2 [Information interfaces and presentation]: User Inter-
faces. - Graphical user interfaces. General Terms: Design,
Human Factors, Experimentation

INTRODUCTION
Ubicomp applications are designed to support tasks that
scale across multiple people, activities, and places. This of-
ten leads to an interdependence between applications and
their surroundings that creates a need for real-world, situated
approaches to iterative design. However, it is challenging to
gather realistic data during the early stages of iterative de-
sign of ubicomp applications [5].

In interviews with nine developers of mobile technology [5],
and observations of four diary studies (a type of study in
which participants keep a journal about events of interest to
the experimenter) [4], we identified the following difficulties
with situated evaluation: remote testing; adoption and reten-
tion; and the need to study events that occur infrequently.
Also, our interviews and observations highlighted the value
of both quantitative data, such as logs and timestamps, and
qualitative data, such as that gathered from experience samp-
ling studies (ESM) and diary studies, as well as integrated
tools for annotating and reviewing data.
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In this paper, we present the user-centered development of
Momento, a tool that provides integrated support for situated
evaluation of ubicomp applications and that addresses the
key issues raised in our interviews and observations. In parti-
cular, Momento can piggyback on participants’ existing net-
worked mobile devices to minimize the need for new hard-
ware and reduce issues of adoption and retention. Momento
supports remote testing and can support mid-to-long term
studies to address infrequently occurring data. Experimen-
ters can use Momento to gather quantitative log data, ESM,
diary, and other qualitative data. Momento is designed to be
easy to use, and can be configured and run by installing a
mobile client and associated text-based configuration file on
participants’ devices and using a GUI desktop platform to
configure experimental details. Momento supports monito-
ring incoming information from and sending information to
participants, and reviewing data or exporting it for analysis.

Momento’s initial requirements came from our interviews
and observations. As we developed Momento, we deployed
it in several pilots and four studies involving ourselves and
external researchers, ranging from two days to two months
in length and including from four to fourteen users. After
each study, we analyzed experimenter and participant expe-
riences when using Momento and used this information to
further refine our design. In particular, studies led to chan-
ges to supported mobile platforms and networking protocols,
augmented support for mobile experimenters and automated
sampling, and privacy-sensitive support for post hoc annota-
tion and interviews.

Momento leverages the text messaging (SMS) and media
messaging (MMS) capabilities of mobile devices such as
mobile phones to share information between end users and
experimenters, who use a desktop platform designed for ma-
naging experiments. Using Momento, experimenters can re-
spond to participant requests, ask participants to manually
capture or record data, or automatically gather data from mo-
bile devices. Today’s media-enabled mobile devices are rela-
tively ubiquitous, and have the ability to capture and transfer
a variety of media and data, ranging from Bluetooth and GPS
data to audio and images. It is estimated that 785 million ca-
mera phones will be shipped worldwide in 2010, comprising
87% of all mobile phones [18].

Since our contributions center on the iterative, user-centered
design of usable support for situated experimentation, so do
our innovations. By situated experimentation, we mean that
Momento’s goal is to allow experimentation that takes into
account the context of use. Momento provides experimen-
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Figure 1: (left) Part of an overview display for use by remote experimenters
while a study is running. This display is especially valuable during lengthy
studies with sparse data. (right) Part of a detailed view of a message.

ters with an overview display to help them manage lengthy
studies with sparse data (shown in Fig. 1, left). Paired with
that, Momento also enables context-sensitive, real-time no-
tifications to be sent to experimenters based on information
sensed about users. A configurable mobile client suitable for
many experiments is provided, and a subset of experiments
can be carried out without any client-side installation. Fi-
nally, by integrating support for collecting quantitative and
qualitative data, we provide a consistent end user experience.

Overview
The next section presents our interviews and observations
and the requirements arising from them. We then describe
the current version of Momento, after eighteen months of
iterative design involving pilots and four studies. One stu-
dy is used to illustrate this description. The other three stu-
dies, which demonstrate different experimental paradigms,
are presented in more depth in our validation section. We
report on the end user and experimenter experience and con-
clude by highlighting areas needing development.

FIELDWORK
Our investigation into situated evaluation of ubicomp tech-
nology began with two pieces of work: First, we observed
two different sets of experimenters conducting diary studies
and conducted two diary studies ourselves [4]. Second, we
interviewed nine developers engaged in the iterative design
of mobile ubicomp applications [5]. Here we unify those pie-
ces of work and focus on their implications for the design of
a tool intended to support situated experimentation.

Observations of Diary Studies
The primary goal of our diary study work was to understand
the impact of the ability to easily gather a range of media
(such as location, photos, and audio) on the types of infor-
mation that experimenters could elicit from subjects [4]. Ho-
wever, as we also reported, it quickly became clear that the
uses of these media led to a need for better tools.

Even though diary studies are well suited to gathering situa-
ted data, when participants were asked to record photos or
audio, they could not always explain or remember what they
chose to record (“that could have been anywhere,” one parti-
cipant said of one of his audio recordings, “maybe the weird
wind by the train? I don’t know.”). Additional context such
as location or time could help with this. The tools typically
given to participants sometimes lacked basic features such

as time-stamping and did not support more complex features
such as lightweight, situated annotation of captured media.

The experimenters we observed often chose only to down-
load data from capture devices at the start of interviews to
minimize participant burden. This practice led to some pro-
blems. Experimenters did not have time to review captured
data before elicitation interviews, which curtailed their abili-
ty to prepare for the interview and increased the chance that
important themes would be missed. Some of the media cap-
tured by users did not align with the goals of the study, and
in one case experimenters did not address this until the expe-
riment ended. Being able to view user captures in real time
could help with feedback and could also improve experimen-
ters’ ability to prepare for elicitation interviews.

While our observations of diary studies highlighted some
of the problems encountered with a particular experimen-
tal technique, the interviews described next showed us some
more general problems facing experimenters engaged in an
iterative design process.

Interviews with Mobile Developers
We conducted interviews with nine developers of mobile
technologies. All nine interviewees had conducted at least
one field experiment. Interviewees had explored a range of
data gathering techniques including diary studies and inter-
action logs. Interviewees preferred to conduct usability tests
remotely, both to avoid inhibiting normal behavior and be-
cause of the cost of being “everywhere at the same time”
[27]. In all but one case, only log data was gathered du-
ring remote evaluations, and it was hard to understand the
context of use for that data. One interviewee used event-
contingent ESM and reported that this was highly effecti-
ve. In this method, queries to participants are triggered by
context, to focus feedback on moments when something im-
portant occurs. The interviewee sent a query to participants
every time they interacted with his application. This enabled
him to gather more than only log data and made the evalua-
tion worthwhile. However, in general, interviewees reported
several problems that made it hard to conduct successful si-
tuated evaluations, described next.

Adoption and retention of new technologies, even for the
length of a single study, were major problems. For users
who already own mobile devices, adding or switching de-
vices was a big barrier to use. Although the developers we
interviewed wished to leverage existing devices, they were
not able to do so in their field studies. As a result, they had
to work hard “staying on top of users” to encourage them to
continue using deployed devices and to report problems in a
timely fashion, rather than simply abandoning their devices.

A third problem was gathering enough data. Some tasks may
naturally occur only occasionally (such as commuting to and
from work), or may be difficult to sense (such as an emotio-
nal response). For example, two of our interviewees conduc-
ted field studies in which the events they were interested in
happened only twice per day. This led them to depend more
heavily on qualitative data such as interviews and experience
sampling, made it harder to collect the quantitative data they
would have liked, and pushed them towards longer studies.
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Summary of Requirements: Participants
Our fieldwork helped us to identify usability requirements
for participants and for experimenters. For participants, mi-
nimizing the burden of experimentation can help with par-
ticipant compliance, adoption, and retention. We identified
three main issues that can be addressed:

Unified client system A unified client system for gathering
multiple types of data (such as self reports, logged events,
and ESM) is one way of increasing consistency and mitiga-
ting adoption and retention issues raised in our interviews.

Leverage existing devices Our field work confirmed that
carrying a new device, even loaded with useful new features,
is burdensome for end users. It is important to leverage exi-
sting devices as much as possible. Communications with end
users can piggyback on commonly available devices such as
camera phones and devices that support text messaging.

Multiple, lightweight communication options Related to
this, it is important to provide multiple kinds of support
for communication between participant/device and experi-
menter. Our diary study observations showed the need for
ongoing availability of communication and asynchronous
communication (e.g., annotation); and both our diary studies
and interviews emphasized the need for communication to
be lightweight. Given a focus on participants’ existing de-
vices, options include: live phone discussions on a partici-
pant’s phone (hard to manage asynchronously but allows ra-
pid communication); text messaging (ideal for lightweight
experimentation with participants who are highly comforta-
ble with text messaging); or a custom client (requires soft-
ware installation, is easily customizable by the experimenter,
can include many more types of media and can be optimized
for participant usability).

Summary of Requirements: Experimenters
For experimenters, it is important to support different le-
vels of computer experience, to support multiple types of
data and context, and to support monitoring and notification.
Some specific requirements arising from our studies include:

Support qualitative data, quantitative data, and context
Experimenters reported valuing both qualitative and quan-
titative data, including diary data, ESM data, log data, and
sensed context. Integrating support for multiple types of data
can help to increase consistency and usability.

Do not require fully implemented applications Partici-
pants in our observations wanted to test ideas they could not
easily implement. To support experimentation at the early
stages of design, as well as to support experimenters with li-
mited coding experience, it is important not to require com-
plete applications. One way to facilitate this is to support a
Wizard of Oz protocol in which experimenters can do some
of the work normally done by an application.

Support the full experimental lifecycle The experimental
lifecycle described by our interviewees included experimen-
tal set-up, modifications to an experiment, running an expe-
riment, and analysis and summarization of data both during
and after the experiment was run. A usable system should
support this entire cycle.

Support monitoring and notification As reported and ob-
served in our field work, experimental data may arrive in oc-
casional bursts, reflecting the variable nature of day to day
life. When a study takes place over days or weeks, constant
attention may be an inefficient, difficult way to watch for rare
or uneven data. Overview displays and notifications can ad-
dress this problem. For example, an experimenter might be
notified when a user enters a certain space, or might monitor
a display for big changes in amount of activity. These pie-
ces of information could help an experimenter decide when
to take direct action (e.g., contact the user, go somewhere to
make observations, etc.).

Support lengthy, remote studies Our fieldwork identified
a preference for remote data gathering. Furthermore, data
from studies that take place over days, weeks, or more may
overcome issues such as the novelty effect and learning. Ga-
thering situated data over time is more feasible when experi-
menters can be remote. Additionally, remote experimentati-
on helps to mitigate the effects of an observer being present.

Based on these requirements, we created a tool, Momento,
supporting situated experimentation. Our process involved
iterative studies with the tool, run by ourselves and others.
After each study, we reflected on the participant and experi-
menter experience. The current version of Momento is des-
cribed next, while studies run during and after the implemen-
tation of Momento are described at the end of this paper.

SYSTEM DESCRIPTION
Momento consists of a set of configurable tools that can be
used without writing source code – our goal is that anyone
with basic computer and mobile device experience will be
able to use the tools. As shown in Fig. 2, the most important
components of Momento are the clients (C) used primarily
by participants to send messages and make requests (clients
include fixed applications and mobile devices running eit-
her standard mobile multimedia applications or a speciali-
zed mobile application we built); the desktop platform used
by experimenters to configure and monitor experiments (D);
and the server (S), which supports multiple experiments,
handles communication between clients and the desktop for
each experiment, and provides remote access facilities.

All communication in Momento is sent as text or multi-
media messages. Messages are sent to and from the ser-
ver and mobile devices or fixed applications using HTTP or
SMS/MMS (text or multimedia messaging). Momento com-
municates with networked applications using the Context
Toolkit (CTK) [9]: messages are sent to applications using
the CTK event system and are sent back to Momento using
the CTK services system.

Clients
Participants, not experimenters, are the primary users of cli-
ents. The most basic client facilitates data gathering, such as
requesting a photo or implicitly logging sensed context. It is
also possible to simulate an interactive application through
the mobile client. Mobile experimenters can also use clients
to report context information from the field or to interact
with participants while mobile.
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Figure 2: System architecture. The desktop platform (D) and server (S)
communicate with clients (C) via SMS/MMS, HTTP, or the Context Tool-
kit. Study data is stored for later analysis or retrieval via the web.

Data gathering The main purpose of Momento is to sup-
port situated experimental data gathering. An important
part of this is qualitative reports from users. In addition to
SMS/MMS, Momento includes an easily configurable mo-
bile client that can be installed on most mobile devices. This
client can display an information request to a user, who can
then respond by taking a photo (if supported by the device),
recording audio, entering text, or sketching using a stylus.

Context Both the mobile client and fixed applications can
report on context data. The mobile client supports logging
of location, nearby people, and audio.

Simulating applications In addition to information requests,
arbitrary messages may be sent to clients independently or in
response to user input. This can be used to simulate an inter-
active application. By default, the Momento mobile client
displays incoming messages to the participant (more sophi-
sticated behavior must be hand-coded, as must any behavior
by fixed applications). Also, the client may be configured to
display one or more buttons that a user can select. Depending
on its configuration, a button may send locally cached data
to the desktop platform or may request media from the user
and send it (e.g., ask the user to enter text or take a photo).

Mobile experimenters Although we support experimental
protocols that do not require an experimenter to be mobi-
le, there are still occasions when mobility is desirable. For
example, a mobile experimenter might wish to observe par-
ticipants or to record data that is hard to sense. Mobile ex-
perimenters in Momento can use the mobile client to report
data or to view live data recorded by participants. In parti-
cular, messages can be forwarded to a mobile experimenter
who can optionally respond to participants. Finally, Momen-
to can notify an experimenter when a participant is in a cer-
tain context (e.g., in a certain location with a group of peo-
ple). The experimenter may wish to act on this information,
for example by making additional observations in person.

Versions of Momento’s mobile client are implemented in Ja-
va and in C#. The mobile client can receive messages via
SMS/MMS from the server and can send messages back
using either SMS/MMS or HTTP over a network connec-
tion, if one is available. In this way, clients on mobile devi-
ces can leverage the fastest network connection available to
them (e.g., 802.11, GPRS, TCP/IP over Bluetooth, etc. ) to

Listing 1: The structure of the client configuration file
# D e s c r i p t i o n o f s t u d y ( Any s t r i n g )
Scr ibe4Me s t u d y
# P a r t i c i p a n t ID ( Any s t r i n g )
John
# S e r v e r l o c a t i o n ( IP )
2 3 6 . 3 4 5 . 2 . 1
# C o n t i n u o u s l y b u f f e r e d d a t a t y p e s
# a u d i o | b l u e t o o t h | pho to | gps [ 3 0 | 6 0 | 8 0 ]
a u d i o 30
# B u t t on d e f i n i t i o n s :
# name , l a b e l T e x t , [ c o l o r ] ,
# [ d e f a u l t S c r e e n ] , [ a n n o t a t e ]
# [ a u d i o | b l u e t o o t h | pho to | gps | t e x t ] [ | B u f f e r ]∗
what , ‘ ‘ what happened ? ’ ’ , d e f a u l t S c r e e n ,
a u d i o B u f f e r , pho to

send messages to the server, which will pass them on to the
experimenter’s desktop platform. The mobile client buffers
state so that it is robust to network and application interrup-
tions (e.g., loss of connectivity, phone calls, etc.).

The mobile client is configured using a simple text file. List-
ing 1 shows the basic structure of the configuration file. The
experimenter can instruct the client to upload specific me-
dia to the Momento desktop platform either when a button
is pressed, as soon as information is detected (for discrete
events) or at certain intervals.

Listing 1 corresponds exactly to the Scribe4Me application
(Fig. 3) [24]. Audio is stored in a 30-second buffer, and
the interface contains a single button (labeled “what hap-
pened?”). When the participant presses the button, the appli-
cation asks that a photo be taken and then transmits the photo
and current audio buffer to the desktop platform.

Desktop Platform
The desktop platform is the main interface used by experi-
menters. It supports many of the activities of the experimen-
tal lifecycle. Experimenters can use it to manage the speci-
fication of the devices, participants, groups, locations, and
rules associated with the experiment. While the experiment
is running, experimenters can see an overview of commu-
nications with the participants that supports peripheral mo-
nitoring, manage communications by sending messages and
viewing incoming messages, and receive notifications about
actions that are needed. The desktop platform sends text and
media messages to mobile devices with the server’s help, and
communicates with other client applications via the Context
Toolkit. All incoming and outgoing messages are stored lo-
cally by the desktop platform. Experimenters may upload
this data to the server at will. In this section we describe
each supported activity.

Specification of the experiment Specification, which typi-
cally takes place during or just after the planning phases of
an experiment, includes the devices, participants, groups (of
participants), locations, and rules.

Participants and groups Participants are uniquely de-
fined by their client ID (typically a mobile phone num-
ber). Other information about participants such as cli-
ent capabilities, demographics, and a calendar schedule
may also be recorded. Experimenters can create groups
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if [ cond and/or cond ... ]

o/g near/!near location
o/g arrives/leaves location
o/g stays in location (min time)
msg arrives
msg has attachment
msg matches regular expression
time of day (repeat time)

then send [content]

file (random|specific)
[o’s name]
[o’s location]
[o’s proximate people]
[incoming message]
arbitrary text
web page

to [recipient(s)]

any person
any group

Table 1: Rules. o = originator of the message; g = group. In the conditional,
g is matched if anyone in the group is the originator.

of participants for use when rules or messages should
apply to more than one person.
Locations The IDs of Bluetooth beacons can be recor-
ded in the desktop platform to support discrete semantic
locations (e.g., near a landmark or other phone). Fur-
thermore, Momento can use standard serial protocols
to communicate with GPS devices to support geogra-
phically defined locations (GPS coordinates).
Rules Experimenters can pre-configure outgoing mes-
sages using Momento’s rule system. The rules system
can be used to automate simple, frequent actions and to
configure ESM and event-contingent ESM studies. Ex-
perimenters can configure Momento to evaluate rules at
specific times or periodically (e.g., “evaluate this rule
if it is 3pm and participant Chris is in his office”). In
addition, each rule in Momento is evaluated when a
message arrives. Rules take the form: if [conditional
and/or conditional] then send [content] to [recipi-
ent(s)] (see Table 1).

Overview and management of communications The desk-
top platform’s overview mode, shown in Fig. 1 (left), dis-
plays recent messages sent to and from all participants. The
timeline, built using prefuse [14], associates one horizontal
line with each participant. Red triangles, or photos (if part of
the message), represent incoming messages, while blue stars
represent outgoing messages. A vertical red line indicates
the current time. Blue stars shown past this line indicate fu-
ture messages scheduled using the rule system. Clicking on a
message icon opens an information panel showing message
details and associated media (see Fig. 1, right).

Notifications Notifications are provided automatically when
messages arrive to help experimenters monitor incoming
messages. Notifications can allow an experimenter to multi-
task and can reduce the impact of experimenter fatigue. They
are especially helpful when data are sparse. Notifications are
visual and auditory.

Server
The Momento server has three functions: it acts as the gate-
way between the desktop platform and the cellular network,
(allowing the desktop platform to run on any networked ma-
chine); it manages study data; and it provides password pro-
tected web access to captured media.

Gateway The server can communicate video, images, au-
dio, or text-based data to and from email addresses, default
messaging applications on mobile phones, or the Momento
mobile client. The server automatically compresses media,
and sends messages to phones via a GPRS-enabled modem.

Figure 3: The Scribe4Me system caches 30 seconds of audio and sends it
to an experimenter for transcription when the user presses the “what hap-
pened?” button (left). When the experimenter completes the transcription,
it is displayed (right) [24].

Study management The server keeps a database of all data
associated with each study. This allows experimenters to
stop and start the desktop platform and move between dif-
ferent experiments.

Web host Web access is hosted by the server but can be con-
trolled with the desktop platform. Data for each participant
is provided separately, and a per-participant password (pro-
vided by the experimenter) is required for access. The web
interface is implemented using PHP.

Example
As an example, consider a study we recently ran of the Scri-
be4Me system (shown in Fig. 3), which allows people who
are deaf to request a transcription of recent audio [24]. The
goals of our experiment were to learn when and whether
such functionality would be valuable to people with a range
of hearing impairments. For this reason, our experimenters
wanted a photo showing additional context relevant to each
audio request. Also, they used a diary protocol to ask parti-
cipants to answer a fairly lengthy series of questions about
each transcription request. This was done at the end of each
day, and depended on the ability to show a history of the
day’s requests to participants. Although our original study
ran with an earlier version of Momento that did not support
all of these features, here we describe how it would be done
with the current version.

Because of Momento’s ability to capture live context, in-
cluding audio, and transmit it to experimenters, Scribe4Me
requires no implementation, only configuration. In general,
we have found this to be true of many studies that invol-
ve an application that can be defined simply by transferring
information and media between participants and a human
experimenter. The participant device is configured to buffer
30 seconds of live audio at all times. Additionally, a button,
labeled “what happened?” is added that transmits that buf-
fer to experimenters when pressed. This button also causes a
pop-up window to appear, asking participants to take a photo
illustrating the reason for the request.
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To run this experiment with Momento, only 4 actions are
needed: First, the experimenter downloads and installs the
mobile client on each participant’s mobile device. Second,
the experimenter modifies a total of five lines of the configu-
ration file (as shown in Listing 1). Third, the experimenter
configures the desktop platform, specifying the IP of the ser-
ver and the phone numbers and ID of each participant and
enables web access. Fourth, the experimenter can optional-
ly specify details about what context should be gathered (by
editing the mobile client’s configuration file) or add rules
to the desktop platform describing when communications
should take place automatically.

Once configuration is complete and the experiment is run-
ning, event flow would look like the following. Note that all
communications from the participant to the experimenter go
through the mobile client, to the server, to the desktop plat-
form and all communications from the experimenter to the
participant do the reverse, unless otherwise specified.

1. Scribe4Me participant presses “what happened”; sends
audio and photo to experimenter.

2. Experimenter sees data and enters transcription, which is
sent to the participant.

3. At the end of the day, the participant reviews all of her
requests using a web interface provided by the server, and
fills out a form answering a series of questions that are
then sent to the experimenter.

4. Optionally, an experimenter could also send a short-
answer ESM request to the participant immediately after
completing a transcription or at random times during the
day. The participant’s response would be shown immedia-
tely to the experimenter.

Summary
Momento supports situated ubicomp experimentation by
managing, recording, and automating different types of data
flow between participants, experimenters, and applications.
However, our findings led us away from synchronous com-
munication support. Our validation was conducted as part
of an iterative design process. We deployed our system in-
ternally and with external experimenters as we developed
it. Each time, we interviewed experimenters and end users,
and analyzed the data that experimenters gathered. Our fo-
cus was on understanding and improving both the end user
experience and the experimenter experience.
VALIDATION
Table 2 shows an overview of four experiments run using
Momento. External researchers ran two of them: a diary stu-
dy of young adults’ approaches to informal learning (Infor-
malLearning), and a mobile sketch-based learning applica-
tion for children (PhotoSketch). We ran the other two in col-
laboration with other researchers: a public awareness display
(AwarenessBoard), and the Scribe4Me system. These expe-
riments demonstrate Momento’s ability to support a variety
of experimental methods, a variety of data collection techni-
ques, and a range of study lengths. AwarenessBoard was run
with an early version of Momento, while Scribe4Me was run
about five months later with an intermediate version, and the
other two were run when Momento was nearly in its current
state. We iterated after each one.
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Informal learning    diary 12 7 4  y  y  y  y  y

PhotoSketch    workshop 24 1 7  y  y 

Scribe4Me         field study 6 7-15 2  y  y  y  y  y  y 

AwarenessBoard    field study 14 51 3  y  y  y  y  y  y  y  y 

Table 2: How experimenters used Momento in four different experiments,
including whether or not the experiments involved Wizard of Oz, feedback
or questions sent by experimenters to participants, use of the desktop to re-
view captures with participants after the experiment, external applications,
distributed or mobile experimenters, monitoring of the desktop during the
experiment, the mobile client, or rules.

The experiments spanned a range of methods and experi-
menter conditions (see right columns in Table 2). Awareness-
Board and Scribe4Me were deployed as field studies lasting
weeks to months, while PhotoSketch was deployed during 1-
day workshops and the InformalLearning study was a week-
long diary study. Messaging between experimenters and par-
ticipants varied: Scribe4Me and AwarenessBoard depended
on synchronous Wizard of Oz exchanges between experi-
menters and participants; the InformalLearning study invol-
ved the experimenters sending feedback to participants; and
PhotoSketch required no messaging in the field. Further-
more, experimenters in all experiments monitored captured
events in real-time, but those who ran the PhotoSketch and
InformalLearning experiments also used Momento for post
hoc review on the desktop platform with participants. Final-
ly, in the AwarenessBoard experiment, Momento communi-
cated directly with participants as well as other applications.

In this section, we describe the AwarenessBoard, Informal
Learning and PhotoSketch experiments in detail. Our goal
is to illustrate that we were successful in providing a usable
experience to both end users and experimenters, as well as
to illustrate a range of possible uses for Momento. For each
experiment, we first provide a brief description of the ex-
perimenters’ goals and describe the methods used. We then
describe what we learned about both the participant and ex-
perimenter experience and how this facilitated the iterative
design of Momento.

Early Study of AwarenessBoard
We used Momento to help implement an early prototype
of a public display, the AwarenessBoard (shown in Fig. 4),
intended to convey a history of the availability and locati-
on of participating faculty members in our department. The
AwarenessBoard study was one of the earliest and most ex-
tensive studies run with Momento, and it contributed grea-
tly to our understanding of the usability issues facing both
participants and experimenters. It depended on almost all of
Momento’s features. The study lasted for two months and
involved fourteen participants (including 12 faculty and two
students). We were the primary experimenters, although we
were collaborating with two social scientists who had desi-
gned an application to help test sociability and awareness in
a distributed academic department.
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Setup
The public display was designed to show faculty members’
location availability, which was provided by Momento using
the Context Toolkit. The mobile client was customized to
show the same information. Sensing of location and availabi-
lity was done using Bluetooth beacons in Momento. Availa-
bility was “sensed” using a simple heuristic that leveraged
location information: If in a public place or alone in his or
her office, a faculty member was available. If others were
present, a faculty member was assumed to be in a meeting.
Changes in sensed availability triggered SMS messages to
faculty checking whether the estimation was correct. Faculty
could optionally provide a calendar indicating times they did
not wish to receive such interruptions. Experimenters moni-
tored the desktop platform to ensure faculty were answering
questions in a reasonable amount of time.

The availability heuristic and location sensing were imple-
mented using Momento’s rules system. Additionally, a rule
was created that would notify one of our social scientist col-
laborators when someone interacted with a public display
(e.g., to view a faculty member’s history). This allowed our
collaborator to conduct in-person observations.

In total, we recruited twelve faculty participants to use the
public display and answer questions using the mobile cli-
ent. Faculty were each given mobile phones so they could
respond to SMS messages confirming estimations of availa-
bility. The phones were in addition to their personal phones –
there was too much variability in the technology they already
carried to piggyback on existing devices. We also recruited
two students who tested an SMS interface to the public dis-
play. These participants could send a message to Momento
requesting the current availability of a faculty member. Re-
sponses to these requests were handled by a wizard monito-
ring the Momento desktop platform.

We ran pilots of the system for three weeks and ran the study
over the course of two months. We iterated and improved
both the public display and the client based on participant
feedback over the course of the study, and made significant
adjustments to the public display after the pilots and again
during a holiday break six weeks into the main study.

Participant experience
Our participants were biased towards a population that rare-
ly if ever used phone-based applications or SMS/MMS, and
this led to some difficulties with the mobile client. Additio-
nally, the unfamiliarity of the particular phone we gave to
participants led to complaints that the phone was “big and
bulky” or “stopped working” (the operating system on the
phone we used notified users of irrelevant information and
used modal dialogs to demand confirmations). As a result,
users did not always keep the phone nearby. For these rea-
sons, it was difficult to derive useful feedback for iterating
the mobile client’s interface. Primarily, this experience en-
couraged us to focus on improving our mobile client to pig-
gyback on mobile devices that individual users already carry.

Experimenter experience
Regarding setup, implementation of the application being
tested (shown in Fig. 4) was time consuming. However, lin-

Figure 4: An awareness prototype deployed in a field setting. Location and
availability of users were sensed via mobile clients running on users’ mobile
devices as well as experimenter input.

king it to the Momento infrastructure was straightforward.
A bigger difficulty arose when setting up security for the
Java-based mobile client during mobile device installation.
To address this, we began working on a C# mobile client.

The day-to-day effort of running this field study varied. We
found that experimenters controlling the mobile interface to
the public display were able to monitor and respond to in-
coming questions with only minimal distractions from their
other work. Also, experimenters wanted to observe partici-
pants using the public display without necessarily always ha-
ving to be present. To support this, they suggested having
Momento automatically generate messages that would be
sent to experimenters’ mobile devices whenever it was de-
tected that a participant was using the display. Experimen-
ters also wanted to be able to send messages to participants
once they had been in a particular place for a certain amount
of time. We added both of these features.

Because this study involved many different experimenters
working from different locations, we had to increase the so-
phistication of the server-desktop platform networking. In-
itially, Momento handed-off messages from the server to the
desktop platform through a networked folder, which requi-
red the desktop to be on the same network as the server.

Part way through the study, we added support for experi-
menters to walk through the hallways checking for partici-
pant availability and sending updates to Momento via mobile
phones. This and other unanticipated models for participati-
on by remote and mobile experimenters led us to expand
Momento’s sender-recipient model (who could send mes-
sages to whom) and to enhance the rule system to support
time-based triggers and triggers from external applications
connected via the Context Toolkit. With this change, expe-
rimenters were able to tie events triggered by external ap-
plications to messages sent to mobile experimenters. Final-
ly, we modified networking between the server and mobi-
le client to leverage HTTP. By supporting HTTP uploading,
we could avoid slow media messaging communication when
other data carriers (e.g., 802.11b) were available.

Diary Study of Informal Learning
Four external experimenters used a recent version of Mo-
mento to conduct week-long diary studies of young adults’
approaches to learning new technologies. The study was
conducted at two sites over the course of two months: three
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experimenters ran six participants at one site and two expe-
rimenters ran another six at the other site (one experimenter
worked at both sites). All participants were 13-19 years old.
Also, across both sites participants started and completed the
study on different days. We interviewed experimenters about
the data resulting from their study. Our goals in observing
this study were to get feedback on the ability of Momento to
support studies distributed across different sites and multiple
experimenters as well as back-and-forth interaction between
experimenter and participants during situated needs finding.

Setup
Participants used standard media messaging applications on
their mobile phones to capture images. Participants unfami-
liar with MMS were instructed to send text descriptions of
events via SMS and, in some cases, given a digital came-
ra. Later in the study, experimenters also occasionally sent
feedback to participants to indicate that they needed to fo-
cus on capturing different events or simply to offer encou-
ragement. At the end of the study, experimenters conducted
in-person interviews with participants, using the Momento
desktop platform to review captured data. The experimenters
also reimbursed participants for any extra expenses incurred
sending messages for the study.

Experimenters used the Momento server to share data across
different sites. Typically, one researcher would run the desk-
top platform for a couple of days before handing off the
study to another experimenter. To do this, an experimenter
would use the Momento desktop platform to upload the stu-
dy from her personal computer to the server, and a second
experimenter would then use Momento to download the stu-
dy from the server to his personal computer.

Participant experience
The study was in line with most participants’ habits – they
were comfortable taking photos with their phones. These
participants often sent photos via media messaging to fri-
ends, and were able to use the same feature to send photos
to Momento. This study helped to validate the advantages of
piggybacking on familiar devices and applications.

Initially, participants were somewhat frustrated with the lack
of immediate feedback from experimenters. Experimenters
attempted to mitigate this concern by sending some feed-
back, positive or negative, for most captures. An unexpected
side benefit of Momento seen in this study was that parents
were pleased that their children could contribute to a study
without being followed or watched by a stranger.

Experimenter experience
Momento facilitated many aspects of the experimental life-
cycle. The experimenters were able to configure the study
rapidly and run pilots using their own devices. They were
then able to use the same settings (with the exception of the
participants’ mobile phone information) for the actual study.
The experimenters then used the interface to monitor events
during the study – in several cases they diagnosed problems
with participants’ mobile phones by noticing problems with
captured data (e.g., only text from a phone that supported
MMS, or text added onto messages by the carrier network).
As mentioned, experimenters also used the interface to pro-

vide feedback to participants, most commonly acknowledg-
ment and encouragement.

Experimenters wanted to be able to use Momento during eli-
citation interviews. Specifically, they wanted to show indivi-
dual participants their own timeline of images and to scroll
through their events in the detail view. While this was alrea-
dy supported, it raised privacy concerns that we addressed:
First, we augmented the timeline to allow experimenters to
switch between views that included all participants versus
only one participant. Second, we added the ability to scroll
through incoming message details per-participant while kee-
ping experimenter notes private. We also added a feature to
print out physical copies of messages (including text and pic-
tures) to support elicitation interviews at which a computer
was not available.

Furthermore, experimenters felt that participants should be
able to annotate media captures via the web, an issue that
also arose in the Scribe4Me study. We added a web inter-
face to the server with annotation support. Also, we observed
that some experimenters had difficulty sifting through hun-
dreds of captures represented on some participants’ timeli-
nes. We added an interactive table to the desktop platform
listing all incoming messages. Experimenters found the list
a more useful way of navigating incoming messages than the
timeline for periods of high response rates (more than 20 per
participant-hour). Finally, experimenters imported Momen-
to’s data files into analysis programs.
PhotoSketch: Supporting Informal Classroom Learning
Another group of external researchers are using the current
version of Momento to conduct one-day workshops explo-
ring a mobile learning application (PhotoSketch) for child-
ren in fifth grade (ages 10-11) at an elementary school. The
researchers have thus far conducted two workshops, invol-
ving 11 and 13 participants and three and four experimen-
ters, respectively. Our primary goal for this experiment was
to observe how easily Momento could be extended to dif-
ferent environments. We interviewed experimenters to un-
derstand the process of building a prototype application that
integrated into a classroom scenario using Momento. We ga-
thered feedback from the teachers as well.
Setup
The experimenters designed the workshop as a game for
students, held at the students’ schools. The objective of
the game was for students to become more aware of phy-
sical mechanisms around them. The students were to mo-
ve around the schoolyard, photograph objects with moving
parts, and annotate the photographed objects to show which
parts moved and how they moved. Afterward, students were
to share their thoughts regarding the photographs and sket-
ches that they had created.

The experimenters configured the mobile client on a Pocket
PC device to capture a photo and annotation. The experi-
menters also brought a laptop to the schools, primarily to
monitor captured events in real-time (with the help of the
desktop platform). The experimenters also ran a Momento
server on the laptop and configured the laptop for peer-to-
peer wireless networking. In this way, the mobile devices
could connect directly to the server running on the laptop
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without depending on an external network (there was none
at the schools).

To run the workshops, experimenters divided the partici-
pants into small groups and showed each group how to use
the mobile application. They then let the students take and
annotate photos. During this phase, the experimenters and
the students’ teacher monitored the groups to help them re-
cover from mistakes (most commonly, accidentally exiting
the application). Afterward, the experimenters reviewed cap-
tured data with the students in a classroom setting.
Participant experience
Although this experiment required participants to use a new
device, it avoided some issues, such as carrying an extra de-
vice, by being constrained to a workshop setting. In inter-
views, experimenters reported that participants had little to
say about the mobile application itself, but it was clear that
with only a brief training session they were able to use the
application to take and annotate photos. The only problem
reported was that occasionally one group’s device launched
a different application that momentarily distracted from the
main task. The experimenters also noted that participants
universally liked using the application.

The teachers’ experiences were also largely positive. Based
on her experience with PhotoSketch, one teacher is integra-
ting a series of similar workshops into her curriculum.
Experimenter experience
Experimenters felt that using Momento was a large improve-
ment over their fall back approach, having students manually
draw both the object and the motion of the object. Because of
the work involved in coordinating with schools and teachers
and developing and iterating the overall workshop design,
experimenters had little time to develop a mobile prototype,
but were able to do so with Momento in minutes. One ex-
perimenter said that the use of a mobile application “simply
wouldn’t have happened” without Momento.

Experimenters wanted slightly more control configuring the
mobile client than was supported at the time. For example,
they asked us to add support for a color scheme and lengt-
hier text description. Also, for this application experimen-
ters needed to configure the desktop platform, server, and
client to work on an ad hoc network. To support this, no
adjustments were necessary to the desktop platform nor mo-
bile client. However, the server configuration had involved
some complicated manual processes that the experimenters
initially found too difficult to complete. To address this, we
streamlined server configuration to the point that the experi-
menters needed only to run four commands to configure the
core system and their study.
Discussion
Overall, our studies have shown that Momento can be a po-
werful tool for ubicomp experimenters and a usable tool for
participants. Although the studies just described provided
overall validation for our concept, they also provided valua-
ble feedback about the features and structure of Momento,
which was a basis for iterative improvement.

In addition to the three experiments described in depth here,
we ran multiple pilots and one extended study (Scribe4Me,

described earlier in the paper). All of these experiences also
contributed to Momento’s iteration. Some of the important
features of Momento that were influenced or identified du-
ring iteration include:

• Increased support for piggybacking on existing devices
(AwarenessBoard)

• Addition of support for time and place (AwarenessBoard)

• Expanded and more sophisticated networking support
(AwarenessBoard)

• Better privacy support when viewing data on the desktop
platform (Informal Diary)

• Better support for sifting through hundreds of captures, an
opposite problem to data sparsity (Informal Diary)

• Privacy-sensitive web access (Informal Diary)

RELATED WORK
Situated experimentation is an area receiving much attenti-
on in ubicomp and mobile device research. Laboratory stu-
dies can uncover some interface and navigation flaws [3,20],
especially when the physical configuration of the study em-
bodies some aspects of a field setting [21]. However, as
Zhang et al.’s review of emerging mobile and ubicomp re-
search trends shows, the difficulty of matching the realism
of rich mobile contexts in laboratory settings makes field
studies paramount because they can unearth unexpected be-
haviors and adaptations [28]. For example, Benford et al.
coordinated one of the most extensive field deployments of
a ubicomp technology, Can You See Me Now?, a mobile
game in which participants raced through city streets to catch
virtual avatars that they tracked on mobile devices [2]. The
authors compiled data from a variety of sources, including
videos, interaction logs, voice and text communications bet-
ween players, and interviews, and found that connectivity
and location tracking irregularities could be co-opted and
integrated into the game as a feature rather than an error.
Halloran et al. also showed that long term, situated design
can promote a sense of ownership of the technology amongst
stakeholders, encouraging adoption [12]. However, Zhang et
al. and Davies et al. note that researchers find it difficult to
make use of real devices and to observe and collect data in
the field, issues that Momento can address [8].

From a tools perspective, many researchers have developed
systems that support the rapid creation of throw-away func-
tional prototypes to be used during iterative design (e.g.,
[10, 13, 22, 23]). These tools may use a mixture of Wizard
of Oz, pre-existing library elements, and coding. For ex-
ample, Topiary can be used to prototype location-enhanced
applications in which a wizard typically shadows a partici-
pant and enters location information as the participant moves
around [23]. DART extends Macromedia Director to allow
designers to Wizard of Oz augmented reality applications. It
provides multimedia support for video, tracking, and sensor
data [10]. iTools integrates support for evaluation into their
prototyping platform by showing the design of a task and the
user data derived from completing that task together in one
interface [22]. A handful of other projects have taken our
approach of using SMS and MMS to enable realistic studies
(e.g., [1,6,15,16]), and other tools have been developed spe-
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cifically to support event-contingent ESM [11,17,19]. Also,
InterviewViz supports assisted photo elicitation [26]. None
of these tools provide integrated, usable support for experi-
mentation to the extent that Momento does. In addition to in-
tegrating multiple experimental methods, Momento includes
a collection of novel features ranging from privacy sensitive
review to live monitoring and feedback that were motivated
by our user-centered, iterative approach.

Recent work has suggested guidelines for tools that support
experimentation. For example, in an analysis of several field
evaluations of ubicomp applications, Crabtree et al. elabo-
rated the need for tools that support side-by-side reviews
of video and log data; mechanisms to support user captu-
red video; synchronization between recordings; a timeline-
based visualization interface for rapid review of different
data sources at different times; and better support for an-
notation [2, 7]. Morrison et al. implemented some of these
concepts to support participant observation and logging of
mobile application use [25].
CONCLUSIONS AND FUTURE WORK
We presented the user-centered design of Momento, a tool
that provides integrated support for situated evaluation of
ubicomp applications. Momento provides a desktop plat-
form that connects experimenters with participants in the
field, and includes a simple, configurable application exten-
ding the capabilities of mobile devices to support participant
data collection. Our validation demonstrates how Momen-
to was iteratively designed to meet the needs of participants
and experimenters in four separate studies that involved a
variety of tools and evaluation methods.

Currently, Momento’s primary limitation is that it does not
support applications that require rapid synchronization or
streaming between the client and server (e.g., mobile vi-
deoconferencing). In the future, we plan to add support for
streaming media as well as explore models for supporting
dynamic coordination among multiple experimenters. Also,
we are investigating ways to merge into one visualization
data gathered using Momento with data gathered using other
methods, such as interview transcriptions.

Momento is open-source software and is available at
http://www.m0ment0.com/.
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