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ABSTRACT

A variety of technologie$ from agents designed to assist or encourage you, to cdratesti messaging
servicesi have the opportunity to interrupt you matipes throughout the day. One of the challenges

with designing new highly interruptive technologies is how to objectively assess their influence on human
experience. This paper presents an assessment of a new mobile system that interrupts the wearer to
support seifmonitoring of stressWe utilize a diverse set of assessment techniques, including a newly
proposed measure, relative subjective count, which compares the difference in perceived number of
interruptions to actual number of interruptions. Thisasure, together with direct and indirect subjective
reports, and a behavioral choice, is used to evaluate an empathetic version of the mobile system vs. a non
empathetic version. We found that pesperience direct questionnaire assessments such as fihow

stressful has using the system been?0 do not significantly distinguish user experiences with the two

systems; however, the new measure of relative subjective count, the behavioral choice, and another
indirect questioning strategy, do point toward a pesfee for the empathetic system.
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1. Introduction

Over the last decade, the use of computational technologies that people interact with continuously has
exploded. Mobile phones, pagers, and other personal digital devices have become an essential part of
ordinary daily interaction. Not only do these deviegzompany us wherever our garments do, but
increasingly they initiate interaction, interrupting our activities irrespective of whether we are speaking in

a business meeting, enjoying an intimate encounter, or trying to sink a winning golf putt. Theggrowi
number of elderly adults and a push to improve the health of all adults is now spurring new developments
of mobile health technologies, especially devices that monitor physiology and behavior while aiming to
support people in adopting healthy choicéghe very nature of such fihelpfuld devices is that they will

interrupt you from time to time, and fail not because of any hardware or sensor shortcomings (although
these exist) but rather because their interruptions are unpleasant. Users of desktopgteshars

already familiar with the annoyances of interruptions by software that takes the initiative to ask you to
install updates, upgrade various software packages, visit certain websites, or alert you to a number of other
things it assumes you want tomow. Technology users worldwide are increasingly bombarded with
devices that interrupt, ostensibly to be helpful.

Inspired by the challenge of designing technologies that learn how to be better at interrupting people, we
undertook the development of a nelevice aimed at helping people monitor their stress levels and
interruptibility as they go about their daily activities in their usual environments. We chose to monitor
stress since it is both a useful state (e.g., helping you win a race or make agzafeeyand also a
potentially harmful state (e.g., impeding immune system functioning and influencirigtim@nes that

affect our susceptibility to and recovery from illnesses, provoking-eatng and other unhealthy



behaviors, and in some cases ftafing depressiofil-3]). The diseases that predominantly affect us now

are ones of slow accumulatianheart disease, cancer, cerebrovascular disoiddiseases which are
complly intertwined with our emotions, physiology, immune system, personalities, and behaviors. It is
clear that emotions and stress impact health; however, the influence of either has been hard to measure in
any precise ongoing way. Few people keep tradkeif stress level through the day and how different
activities affect it, nor is there any general understanding of how stress interacts with interruptions. We
thus set out to build and evaluate a device to enable people to record their stressdetteds twaith

whether or not it was a good time to be interrupted. We designed the system to also let people easily label
what it was they were doing when interrupted, and to record physiological information related to stress
and activity. Our goal was feelp people gather this information in a Fiiitating way, so they would be

willing to use the monitor over a long enough period of time that they could begin to better understand the
way stress works in their life, and so we could begin to get bettaradbut interruptibility and how it
interacts with peoples state and activities. Our biggest challenge was how to build a device that would be

highly interruptive, help the wearer reflect on stress, and yet not increase their stress. In theorydwe woul
also make it enjoyable to use: However, tiz¢ure of a device that aims to sample things about your
behavior over the course of the day is that it will be interruptive, and frequent interruptions can cause a
loss of sense of control. An ongoing ladkcontrol is a welknown contributor to frustration and stress.

Thus, we did not expect people to really be delighted when the device interrupted them.

Regularly interrupting people for the purpose of gathering data related to their thoughts, feelings, a
activities is not a new endeavor, but is an established methodology in psycholdwy.original
fiExperience Sampling Methodd (coined by Larson & Csikszentmihalyi [4]) referred to a particular
technique whereby participants were interrupted by a device such as a pager and asked to fill out a log of
experiences. The termcological momentary assessmamtfiEMA,0 is also used to refer to experience

sampling as well as to procedures that sample aspects of a personés physical state (e.g., ambulatory blood

pressure or heart rat§]. Traditional EMA tools use random or fixed timing prompts to interrupt people
manytimes during a day; however, mobile devices can also adapt their interaction by detecting changes in
user state through bodyorn sensor$6]. The newest ESM tools use PDAG and sensors for detecting

context shift7, 8]. Experience sampling has also been used to evaluate and assist in the development of
ubiquitous comuting application$9], and has been useful in a diary studgxamine task switching and
interruptions with information workef4.0].

Lisa FeldmarBarrett, a psychologist and expert in experience sampling for emotion assessment, advised
us early in the design of the user experitaehat drop out rates are high and fiyou cannot pay people

enough to be in these studies.6 Being interrupted more than a dozen times a day by a device asking you to

stop what you are doing and give it information can become so irritating that it isengleaid get people

to stay in the experiments. She advised us on the importance of carefully motivating all the subjects up
front to stick with the study.

While longterm experience sampling is a significant challenge because of subjeatutrogtes, or
challenge is greater still: we wish to craft interruptive technologies that are not simply tolerated for a paid
experiment, but that people would actually want to use on their ownfdomg Is it possible for a device

to interrupt you a dozen or motenes a day, asking you to stop and give it significant information,
without irritating you?

We find that a useful general approach to such a question is to try the exercise advocated in the Media
Equation[11] where you reask the question, substituting a person for the device. Thus, we ask: Is it
possible for gpersonto interrupt you a dozen or more times a day, askimgtp stop and give them
significant information, without irritating you? The answer in this case is yes; however, we have to
understand how people accomplish this, especially since it is not true of everybody. If we can figure out
how people accomplisit, then it may be possible to imitate these features in the device, and get a similar
result.

A key aspect of successful humanman interruption is the act of showing consideration for the feelings

of the person being interrupted. This goes beyond Iynésaiing a social fiHellod or a polite AT hank

you.0 |sthe person you interrupted saying they are stressed right now? If they are, it can be appropriate

to say something like fiSorry to heard (and to not smile) before saying thank you for the data. If they say

all is great, then it is better to say something like figreat to hearo (and a smile is ok). Such an adaptive
response, while short and subtle, can make a significant difference in influencing whether a person will be
annoyed when you interrupt theagain. We hypothesize that if an interruptive technology adapts its



response in away showing consideration toward the persond feelings, then it is likely to improve peoplets
experience with that technology.

The challenge of designing these types of tidagesponses will also need to take into consideration a
sociccultural context. What may be considered an empathetic response in the United States may not be
received in the same way to a user in Japan. The findings we report in this paper aréoliengealip of
subjects who live in the United States. However, the methodology we introduce here can be applied to
any culture.

The act of acknowledging somebodyés feelings, especialy if you have caused them negative feelings, can
have a calming effécand this effect has been shown to be significant even when used by corfi#jters
13]. We thus decided to make a version of our device that empathetically acknowledged peopleds stress
levels. We also decided to compare two strategies for generating the timing of the interruptions .

The rest of this paper describes the new wearable device for interactive stress monitoring and how we
assessed it, comparing a version of it that used empattseasditriggered timing (flempathetic systemo)

with a version that ignored peopleés feelings and used random timing to generate interruptions but was
otherwise identical to the other system (finon-empathetic systemd). We examine a variety of assessment
measires, including behavioral choice (which system did they choose to use again after having used both)
and several kinds of seléport metrics. In particular, we propose a new measel&tive subjective

count (RSC)which asks a subject, fiHow many times do you think the system interrupted you?o and

divides this estimate by the actual number of interruptions. This measure aims to indirectly assess a userés

overall frustration with a technology, in a way that avoids the possibly more threatening diréiohqafes

fihow enjoyable was it?0 Direct answers to such questions can vary enormously based on feelings toward

the experiment, experimenter, and other factors that makeepelfted affective evaluations notoriously
fickle; hence, indirect techniques aré importance in the search for reliable affective assessment
techniqueg14]. We found the new RSC measure varied significantly for the two systemdsaratjeeed

with subjectsd behavioral choices and several other direct and indirect self-report measures. The new
measure may therefore provide a new way to assess frustration or irritation of an interruptive technology
without having to ask directly aboatserés feelings.

2. Wearable System for Interactively Monitoring Stress Levels: PMobile

We designed a custom system, named PMobile, to gather both passive sensor informatibeatinter
intervals from the heart, pedometer and accelerometer gctiwitl location beacon information, as well as
three pieces of interactive information: userés reported stress level, userés report of whether or not the

timing of the interruption was good, and userGs reported activity.  This system is part of a growing
collection of research efforts to use computer sensors in learning and reasoning about interruptibility and
attention[15-17]. The system PMobile was designed to enable greater understanding of how sensor and
behavior data inform interruipility of users in mobile situations.

Two versions of this system were created in order to support the experiment in the following chapter: an
empathetic version (PMobile) and a nommpathetic version (®Mobile). The two systems look
physically the sae and their interaction differed only in two subtle ways described below. To subjects in
our experiments, each of whom used the two systems in cenaitarced order, the systems were simply
described as fisystem oned and fisystem two.0

Below we first desgbe the common features of the systems, followed by their differences.



Figure 1. Custom hardware for the PMobile System: Top: iPAQ with sensors. Bottom: iPAQ with
attached Body Lan Hub (BLH), which communicates wirelesslyo all the sensors.

2.1 PMobile Custom Hardware and Software Architecture

The hardware (See Fig. 1) consists of a Hevireitkard 5550 iPAQ together with a set of wireless
sensors, some that are worn on the body, and some that the user places in resdrdmnent to label
locations. The wireless sensing apparatus was developed in collaboratidfitsgtise Technologl 8]

and includesa Pulser chest strap for electrocardiogram ihesat interval information, a Foot pod for
accelerometemformation, a Pacer for pedometer information, and Location Beacons for environment
context.

As an alternative to global positioning technologies, the location beacons can be used to mark any selected
physical context of interest to the user, includingpite locations such as the automobile or bicycle (for
monitoring stress while commuting), simply by placing one of the tags in that location. The user was free
to place the tags in any location of his or her choosing, and did not need to communidatatibis to

the experimenters, thus allowing for privacy in location data.

Since factors such as exertion, as well as emotional stress or arousal, contribute to increases in heart rate
[19], an accelerometer was combineith heart rate recordings to enable better decoupling of these
elements in examining stress, as some studies have done to isolate §@tion

A BodyLAN Hub (BLH) connects the iPAQ to ehdifferent sensors on a BodyLAN wireless network.

The BLH communicates with the IPAQ through a 4&@Qid serial connection with two data lines:
transmit and receive. The serial connection uses eight data bits, one stop bit, no parity bit, and no flow
control. The BLH stores the latest message from each of the sensors and holds a settable reply message
for each. Each BodyLAN Hub is assigned its owrb82address to ensure that there is no interference
between two sensors on different network IDs (sashwo Pulsers on different systems). The BLH has

two high level modes: normal and learn. When the BLH and the sensor are both in learn mode, the BLH
will automatically acquire the sensor, add it to its registry, assign the sensor an index, and switch th
sensor from learn to normal mode. In normal mode, the BLH will only accept data from sensors with its
own network ID and public sensors (such as the location beacons).

The Pulser chest strap is used to measure electrocardiogram information. It isasetrtat information

every two seconds using a Data Variant 3 that was developed for this research. Data Variant 3 transmits a
data message containing the beat count and the last sixteelpdatentervals in millisecondsThe major

features of the ektrocardiogram are the P, QRS, and T waves which are caused by the corresponding
electrical impulses in the heart of atrial depolarization, ventricular depolarization and ventricular



repolarization21, 22] IBI& are derived fromthe Rwaves of the ECG by taking the time interval from
the top of the QRS complex to the top of the next QRS complex.

The software and overall architecture for the system was developed by Karen Liu; details can be found in
her thesig23]. The overall architecture is shown in Fig. 2. The continuous annotatiomsyskewritten

in Embedded Visual C++ 4.0 and runs on a HP 5550 iPAQ running Pocket PC 2003. The system consists
of a sensor layer that communicates aia Collection Platform Thelnteraction Enginebased off of

the CAES Enging8], schedules interactions totérrupt the user for annotations either through a timer or
through triggers from the sensor information. The Interaction Engine ud&dogue Managelin the
QuestionDataFile formdR4] of CAES to choose from a set of different interaction scripts and possible
responses to user input. A GUI layer receives input from scheduled aretddggteractions, as well as

the possible question/response scripts, and interacts with the user through different GUI screens.

Examples of the GUI screens are shown in Fig. 3. Users of both PMobile versions see the same front
screen. Both have the samontrols over muting the system, initiating annotations, and customizing the
activities that they wish to use as labels. Users can initiate an interaction, or wait for the system to initiate
(interrupt them). Users of both versions also have thempti simply recording a voice annotation by
pushing a single button (for rapid annotation of where they are or what just happened, without initiating
any dialogue with the system.) This is a valuable feature when the user wants to record an event without
looking at the device, e.g. Just cut off by a big truck,0 spoken into the device without taking eyes off the

road (while driving). Use of these optional audio annotations was not analyzed in this research.
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Figure 2. Architecture of the PMobile system. Sensor information is sent to the BodyLan Hub
which communicates to a Data Collection Platform. The Data Collection Platform stores sensor
data, question answers, annotated activities, number of annotations, and whether the t&ys has
been restarted. The stored data is later used for the analysis and visualization tools. The
Interaction Engine schedules interruptions to the user for annotations either through a timer or
through triggers from the sensor information. The Interaction Engine uses a Dialogue Manager to
choose from a set of different interaction scripts and possible responses to user input. A GUI layer
receives input from both systerrtriggered and usertriggered interactions, as well as the possible
guestion/resporse scripts, and interacts with the user through different GUI screens.
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Figure 3. Both versions of the system use these four GUI screens. The upper left GUI giv
contact info, date, and time. The upper right one allows muting the system (with its audible
tone) for up to two hours. The GUI at lower left is see by the user only when he or she initiates
interaction with the system; otherwise, this part of the interaction is replaced by either an
empathetic or nonempathetic text dialogue that collects the same timing and stress lew
information. The GUI at lower right contains activity labels customizable by the user for one
button labeling of events the user wants to record.

After the data collection phase of the experiment was over (eight days, split intcdso sessions)
subjects were presented with itheersonal data in the form of radial graphs such as that shown in Fig. 4.

A subset of the data, heart rate, accelerometer and pedometer information could also be examined in real
time on the iPAQ (See Fig. 5)

2.2 Two versions of PMobile: Empatheticand N  on-Empathetic

We developed two nearly identical versions of the PMobile system so that one version could serve as a
control for testing our ideas. When the user initiated interaction with the system, there were no
perceivable differences in the two vierss. However, when the system interrupted the user, there were
two kinds of differences. (1) An empathetic line of text responding to the userés stated level of stress and

(2) Different timing of the interruptions, based on sensor input. (See Table 1.)



Figure 4. Heart-rate data viewed on a 24our radial plot. The green and yellow colors near the
center indicate that the user was in the vicinity of those two context beacons. The purple asterisks
near the perimeter indicate locations where the user labeled an activity either via the GUI or via a
voice message. The user could click on the asterisk to retrieve the label, e.g., after 5:30 p.m. where
DUW R W heQrDrate i 120 beat peGnunRtes tHelliser rhiglit D

Figure 5. Here is a screen from the HP iPAQ showing heart rate, which could be viewed at any
time by the user.



