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ABSTRACT
Lifelogging technologies have the potential to pdev

neurodegenerative disease that affects over 26iomill
people worldwide, with this number expected to quphb

memory cues for people who struggle with episodic by 2050 [2]. Recent episodic memory supports onssef

memory impairment (EMI). These memory cues endixe t
recollection of significant experiences, which msportant
for people with EMI to regain a sense of normaleythieir
lives. However, lifelogging technologies often eafi an
overwhelmingly large amount of data to review. Thest
memory cues need to be extracted and presentedviay a
that best supports episodic recollection. We dbecthe
design of a new lifelogging system that capturestqs
ambient audio, and location information and levesagoth
automated content/context analysis and the expedis
family caregivers to facilitate the extraction asmthotation
of a salient summary consisting of good cues frdm t
lifelog. The system presents the selected cuesefoew in

a way that maximizes the opportunities for the pergith
EMI to think deeply about these cues to trigger mem
recollection on his own without burdening the careg

We compare our system with another review systeah th

requires the caregiver to repeatedly guide the erevi
process. Our self-guided system resulted in bet&mory
retention and imposed a smaller burden on the bane

g
whereas the caregiver-guided approach provided mor

opportunities for caregiver interaction.
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INTRODUCTION
Episodic memory impairment (EMI) is the main sympto
associated with Alzheimer's disease, a

Permission to make digital or hard copies of alpart of this work fc
personal or classroom use is granted without feeiged that copies ¢
not made or distributed for profit or commercialadtage and that cop
bear this notice and the full citation on the fipsige. To copy otherwit
or republish, to post on servers or to redistribiotdists, requires pri
specific permission and/or a fee.

UbiComp'08 September 21-24, 2008, Seoul, Korea.

Copyright 2008 ACM 97-1-6055¢-13€-1/08/09...$5.0(

self [4] by enabling us to mentally travel backtime and
relive our pleasant experiences and to be sociafy
physically engaged in our lives. Recent episodicnomy
impairment dramatically changes the lives of indials
with the impairment. Individuals struggle with theed to
constantly readjust their own expectations of vithaly can
and can no longer do.

EMI can lead to a loss in autonomy and control
individuals’ lives, resulting in feelings of uncairty,
irritation, and frustration as they attempt to cemgate for
their memory loss but repeatedly fail. They mayhdiaw
from interacting socially with others to avoid appag
incompetent and even develop depression as a [&3{it
They must rely on others for support and often mu
repetitively ask their family caregivers for infoation
about current and recent events. The lives of tfeaily
caregivers are also dramatically changed as caegiv
become overburdened with providing for both thenitbee
and physical needs of their loved one and can tebkes
&evelop depression or burnout that leads to redguoetity
of care [1]. Thus, individuals with EMI and themregivers
struggle for a sense of normalcy—how things wer®ree
the onset of the disease—in their lives [3, 4]. dimer
words, their ideal situation would be to turn bale& clock
and live in a time before the disease changed thes,
when their lives were “normal.” Restoring normaioytheir
now changed lives involves restoring the memoryiteds
and independence that the disease took away frem.th

Ubiquitous lifelogging systems (g, [12], [13], [19]) use
wearable or embedded sensor technologies suchesas,
audio recorders, location trackers, and physioklgiensors
to passively and automatically record a user’'s qeab

commONexneriences. Lifelogging technologies allow peoplih

EMI to automatically record, review, and thus regan
awareness of meaningful personal experiences inlines
to maintain their sense of self [13]. Selleh al [15]
showed that episodic details from a visual “lifél@gn be
presented to users as memory cues to assist them
remembering the details of the original experier@ther
successful systems leverage other modalities sscthe
Audio Memory Prosthesis [19] that records audionfro

n

st



personal experiences and presents it as searclaaole
browsable text. The Personal Life Log system [188sua
combination of location sensors, physiological sessand

real-time voice annotation to identify potentiaiheresting

scenes in a continuous video log.

However, lifelogging technologies often automatical
capture an overwhelmingly large amount of data thatbe
both tedious and difficult to review. In particulgreople
with EMI often have other cognitive impairmentstthaake

it extremely difficult to review and engage with sta
amounts of content that most lifelogging systemsegate
[16]. To be most effective in supporting memory,
lifelogging systems need to create a salient summfthe
lifelog that provides the most important informatido
present to the user in an engaging way.

One successful system, the Microsoft SenseCamrdges
sensors to selectively capture information and also
leverages the caregiver to further select the inapor
information [13]. The system uses a wearable digita
camera that automatically takes photos triggered b
onboard sensors. It was found to be helpful foisting an
individual with EMI from traumatic brain injury in
remembering the details of personal experiences Th
SenseCam system, despite its “smart” capture tqabni
still imposes a somewhat large amount of extra wamk
already overburdened caregivers by requiring thertoak
through all the captured photos, select the mogbitant
photos as cues, and repeatedly review the phottbsthé
person with EMI. The additional work imposed on
caregivers exacerbates the lack of normalcy i thais as
they have less time to take care of themselves.

Recent findings by Lee & Dey [14] enable the depatent
of content and context analysis techniques thatsgaplify
the caregiver’s task of filtering lifelog data. Hhexplored
what types of cues are the best for helping arviddal to
mentally relive an experience. A good cue servesras
anchor into the experience by which an individuah c
retrieve and recollect many vivid episodic detadsociated
with that cue. They found that the best cues for an
experience are determined by the type of the espeei
(such as people-based, location-based, action-pased
object-based experiences). Lifelogging systems ban
designed to automatically filter the data they ectilusing
simple heuristics based on the type of experiench sis
selecting instances of people, faces, or conversatin
people-based experiences to present as memory cues.

While automatic filtering may be effective for sificantly
reducing the amount of information to review, tlestcues
within these categories for triggering recollectionst also
be either personally significant or distinctive [14
Unfortunately, there are no simple heuristics ttedmine
which content from the lifelog is most significawtr
distinctive. Thus, the caregiver must still be ilwed to
select the significant and distinctive cues frora fitered
content.

Y,

Furthermore, selecting the best cues is only ha&lfprocess
of supporting recollection for people with EMI. Thecond
half is presenting the cues in a way so that pewjite EMI
are able to recognize and process each cue desplgle to
feel like they are mentally reliving the experientn
important aspect of memory that makes individuasl f
more normal) as opposed to passively learning puesly
forgotten details.

In this paper, we will describe the design of aléfging
system building on the Microsoft SenseCam systej [1
that passively captures people’s experiences. Eniiie
traditional SenseCam system, our system uses adhytbe
selection strategy combining automated approachiés w
the expertise of the caregiver to select the mpgtapriate
content from the lifelog to present as memory cu@st
system also provides a memory-stimulating, seltlgdi
interaction for the person with EMI to recollecteih
experiences without repetitively burdening theirecgver
during review. We will describe a comparative ewdlon
of our system that uses this self-guided reviewreggh
and the traditional Microsoft SenseCam system, whiges
a caregiver-guided interaction to review lifelogtalawe
demonstrate that our design is better at restocegain
aspects of normalcy in the lives of people with Edfid
their caregivers by better supporting the memoiijtiais of
people with EMI and also by imposing less of a leardn
caregivers. In the following section, we descritwavhour
system captures, selects, and presents lifelogiatayto aid
episodic recollection for people with EMI.

SYSTEM DESIGN

We designed a lifelogging system that follows a¢hstep
process of capture, cue selection, and review fpat
recollection of episodic memories (Figure 1). Usiag
combination of sensors, the systepassively records
experience®f the user’s choosing. Then, the caregiver uses
the CueChooser application to construct a narratfvehe
experience byselecting and annotating the most salient
memory cuesrom the recorded lifelog data, with the help
from content and context analysis, which is aut@tdtom
the caregiver's perspective but, for the sake of ou
formative evaluation study, is currently performeth
Wizard-of-Oz. Finally, with the MemExerciser apgtion,
the caregiver-chosen cues presentedo the person with
EMI in a way that maximizes the opportunities foern to
think deeply about the cues to remember associtalls

on their own without requiring repeated live helpnfi their
caregiver. In the following sections, we descrildee t
rationale behind our design decisions.
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Automated Passive Capture

Lifelogging technologies that use a passive capture
record the wuser's experience

approach automatically
without the need for the user to consciously rememtb
initiate capture. The passive approach allows userse
less distracted by the technology itself but indtemfocus
their attention on participating in the experierjié@]. A
passive capture approach is even more approprate f
people who have difficulty remembering to initia@pture.

In fact, many people in the early stages of Alzheim
disease may not fully acknowledge the extent oif tBMI
and thus are often unwilling to take any additioefbrt to
consciously record their experiences.

Our capture system records photographs, ambiemesoi
and sounds, and location information from the ser
experiences using three devices: the Microsoft Seam,
an off-the-shelf voice recorder, and a GPS log@dre
SenseCam [13] is a wearable digital camera worthast
level that automatically takes photos. The SenseCam
use various sensors such as a three-axis accetemme
temperature, light, and infrared sensors to detesrfgood”
opportunities to take a photo. In our evaluatioe, did not
use sensor-triggered capture but rather set theeSam to
take a photo every 30 seconds to ensure consistémcy
addition to photos, other cues for memory includéiant
voices and sounds [12, 19] and location informafib].
Ambient voices and sounds from the user’s expeeevere

recorded using an Olympus WS-310M voice recorder,

W Include Lifelog Audio Clip?

Figure 2 CueChooser user interface. The caregivean view
system-suggested cues in constructing a narrativend provide

visual and eudio annotations to selected cue
We have designed CueChooser (Figure 2), a computer

application that uses automated heuristic-basetknband
context analysis to identify photos and sounds thight
serve as good memory cues to construct in a cueing
narrative for use by the person with EMI. Previoesearch

[14] has found that people’s experiences can begosized

as being people-based, location-based, action-passdi
object-based, and these experiences can often be
characterized by one or two types of cues. For @l@m
memories of people-based experiences such as vgeddin
and family get-togethers are best triggered bypbeple

placed in the users shirt top pocket. GPS location€ncountered during these experiences. Knowingyye of

information was also recorded every 1 to 5 secasilsy a
Wintec WBT-201 GPS logger. Users switched on ai¢h
devices together at the beginning of an experiemceleft
them on until the end of the experience. Our systam
record a vast amount of data that could potentiadlyused
as cues to recollect an experience. However,iitfeasible
for a person with cognitive impairment to review thiese
data, and therefore the next step in our approacbhies
filtering the lifelogging data for the best memanes.

Hybrid Cue Selection
Our lifelogging system, despite only spanning thpemary
modalities (visual, audio, and location), can stdpture an

experience can help determine what data should be
extracted for review. The user can tell the systeentype

of the experience so that it can apply the appabgri
heuristics. For people-based experiences, our myste
identifies photos containing faces and suggestsettes
potentially good memory cues. Likewise for locatlmsed
experiences, the system analyzes the GPS log tuifide
situations where the user is entering, dwellingpinleaving

a particular location. For object-based experiendbe
system can use the SenseCam accelerometer or GP® da
look for instances where the user is remainingtiredly
stationary, as this may indicate that the usepndakihg at
something interesting. For action-based experierineye

overwhelming amount of data from an experience. ForSetsummarization and segmentation techniques¢/jsed

example, if the system were used for an experi¢asteng
eight hours, it would capture nearly 1000 photo80 4
minutes of audio, and 10,000 GPS waypoints. ltffscdlt

for users (let alone users with EMI) to reviewthse data.
Only the most relevant information that triggersvigid
episodic recollection of the experience should kteaeted
as a salient summary and reviewed as cues to rhental
relive and reflect on the experience. Our apprdecbrages
automated analysis and extraction of potentiallypfoé
memory cues from the lifelog to filter it down tonaore
manageable size and then the expertise of the icaregf
the person with EMI to hand select meaningful memor
cues from the filtered content to present to thesqre with
EMI.

to break up the experience into distinct scenes and
representative images are selected from these segrtoe
represent the experience.

Good memory cues should be recognizable, distiectnd
personally significant [14]. Automated heuristics detect
these characteristics are still lacking. Humanshetter at
identifying these characteristics, and in particulamily
caregivers of people with EMIs regularly selectstheat fit
these criteria [14], when helping their loved oredllect a
past experience. Hence our system allows the ceametd
make the final selection of lifelog data to be uszsl
memory cues. After the caregiver specifies the tgbe
experience and CueChooser filters the lifelog data
according to heuristics appropriate to the typexgferience



as described above, the caregiver can use the siegge
lifelog photos and associated recorded audio @&sesting
points in the lifelog to browse. The caregiver céiwose a
combination of suggested cues and other lifelog dat
include in a cueing narrative for the person witiIEThe
caregiver can record a voice annotation to desctiitee
photos and captured audio and to provide perscenally
significant details to aid recollection just asythdo when
reviewing a photo album together with the persothwi
EMI. The caregiver can also highlight portions of
photographs by sketching boxes to draw the viewer’s
attention to particularly meaningful details. Using
CueChooser, caregivers can construct and annotate
narrative containing meaningful cues from the dteith

the help of automated content and context analysis.

Progressive Revealing of Cues

Caregivers often support the episodic memory ofirthe
loved ones using a cueing process where they usiepar
details of an experience to help the care recipiectllect
other details of the experience. People with EMjogn
“Aha!” moments, when a particularly good cue trigge
their own recollection of rich details of the exipace [14].
However,
complete the cueing process because they do net thav
time or grow tired of repetitively engaging in aetuy
process for the same experience. Existing lifeloggi
systems such as MyLifeBits [10] and LifeStreamd8]not
readily present their data in a supportive cueirag@ss but
rather rely on the user to search for items.

Hawkeyet al [11] introduced the concept of an information
appliance, a device with the sole purpose of alhgwa
person with Alzheimer’s disease to find the answerthe
guestions they most frequently ask their caregivéve
follow this approach in designing our MemExerciser
system as a standaloneemory applianc¢hat people with
EMI can use to refresh and exercise their memomngoént
experiences in their lives. Our MemExerciser review
system engages the person with EMI in a cueinggs®c
where additional
maximize opportunities to recollect associated itfeta

\lI

overburdened caregivers sometimes do no

Summer Dinner Party at Mary's
71972007
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Figure 3. MemExerciser user interface: tapping orthe screen
displays pictures, and plays back lifelog audio andaregiver’'s
voice annotation.
orient the user. The user can tap the tablet Withstylus to
show the first photo. For each photo in the slideghcues
are revealed progressively to give the user maeltipl
opportunities to think deeply about each cue, égerbis
memory processes, and recollect associated epidethds
on his own. The user has an opportunity to perusghoto
and think deeply about it to recognize it and tootkect
ther details from the experience. Tapping theestegain,
he clip of the lifelog audio recorded when the fohwas
taken is played back. Listening to the audio plaibahe
user has another opportunity to recollect otheaitiedf the
experience using this additional cue. When the teges the
screen again, MemExerciser plays back the carégiver
voice annotation while displaying any visual antiotzs
created by the caregiver to highlight portions e photo.
Again, the user has another opportunity to use
additional information to mentally relive the origi
experience. Tapping the screen again takes thetogee
next photo, where the same pattern of progressiveating
of additional cues is repeated. The MemExercisstesy
follows a similar cueing process used by the caexgin
the absence of any technological support but rabdmefit
of being much more patient than the caregiver. Uiker
with EMI can review cues at a more comfortable paithe

the

cues are revealed progressively toess pressure to “perform” quickly for the caregive

without repeated help from a caregiver. This can increaseEVALUATION
the independence of the person with EMI and alsoThe main approach of our lifelogging system inchigee-

minimize the extra burden on the caregiver causgd b
having to repetitively engage in a cueing process.

MemExerciser consists of an application (Figure 3)
installed on a Toshiba M200 tablet PC so that inios a
picture frame that users can pick up and use withauing

to worry about operating a computer or botheringirth
caregiver. It has the appearance of a specialipptiamce

as opposed to a general purpose computer becaase ﬂNoFiIt

MemExerciser is the only application visible to theer. In
MemExerciser, the visual and audio cues chosenhby t
caregiver are presented in a slideshow narratitetha
beginning of the slideshow the caregiver-speciftilt,
date, and description of the experience are displayp

selecting cues from lifelog data based on inpuinfrine
caregiver who is assisted by automated contentantext
analysis (with the CueChooser application) and
progressively revealing cues to facilitate activelf-s
recollection (with the MemExerciser application). eW
compared our system’s “Self-Guided” approach witlo t
other approaches that required different contrdmgifrom
the caregiver: “Caregiver-Guided” and “Caregiver-
er,” The current gold standard “Caregiver-Ged”
approach [13] requires the caregiver to filter tiglo the
entire set of captured images to select appropca¢s and

to repeatedly guide the person with EMI through the
selected cues. The Caregiver-NoFilter approacimidas to
this approach without the extra step of filteringdacue



selection. In our evaluation, we measured how &ffec
each approach was for restoring aspects of normialcy
participants’ and caregivers’ lives, by supportimgmory
recollection and confidence and by reducing the warhof
caregiver burden imposed by the system. We conduxte

Each experimental condition began with participants
turning on the lifelogging system, going on a omrg-d
experience, and turning it off immediately afterd&rOn
the day following the experience (referred to ayDef the
experimental condition), the participant's memorg i

repeated measures within-subjects study to test thessessed using a free recall task where an expegmesks

following hypotheses:

Hypothesis 1 Participants will be able to recall and
recollect more of the details of their experiencsig the
Self-Guided approach than using the Caregiver-Gdide
Caregiver-NoFilter approaches.

Hypothesis 2 Participants will feel more confident about
their memory when using the Self-Guided approaem th
using the Caregiver-Guided or Caregiver-NoFilter
approaches.

Hypothesis 3 The Self-Guided approach will impose less
additional burden on the caregiver than the Caregiv
Guided or Caregiver-NoFilter approaches.

We recruited three participants and their caregi\@able
1) from the local Alzheimer's Association supporbgp
and a local retirement community. Two participaff® &
P3) were diagnosed with Mild Cognitive Impairment
(MCI), which is a precursor condition to Alzheimer’
disease where people experience recent episodicorgem
impairment (EMI) but do not have the executive or
language problems of the later stages of Alzheisnédne
participant (P1) was diagnosed with general EMII Al
participants had significant difficulty rememberirte
details of recent experiences a couple of daysr afte
experience, in the absence of memory aids.

Dyads Sex Age Relationship Condition
P1/CG1 M/F 79/82 husband/wife EMI
P2/CG2 M/F 76/80 husband/wife MCI
P3/CG3 M/F 77179 husband/wife MCI

Table 1. Characteristics of participants (P) and tleir caregivers
(CG) and the participant's memory condition. Episodc Memory
Impairment (EMI) and Mild Cognitive Impairment (MCI ).

We used a within-subjects design to control forvitial
differences in memory functioning and caregiver
relationship. Each coupleparticipated in all four
experimental conditionsControl (no intervention), Self-
Guided, Caregiver-NoFilter, and Caregiver-Guidede W
varied the experimental conditions to avoid an peféect
and our analysis showed no resulting order effects.

Each experimental condition lasted four weeks aegah
with the participants going on a personally sigraifit
experienced.g, a museum visit, a trip out of town, a dinner
party, etc) while wearing our lifelogging capture system
consisting of the SenseCam, audio recorder, and GP
logger. For each experience, caregivers and paetits
processed and reviewed the lifelog data using drfew
different approaches corresponding to the four expntal
conditions described below.

the participant to recall as many details as heataut the
experience. During each experimental condition’st fiwo

weeks (referred to as the “intervention period”) Day1,

Day3, Day5, Day8, Dayl0, Dayl3, participants usétee

no intervention (the Control condition) or reviewéue

recorded lifelogging data according to one of thredew

approaches: Self-Guided, Caregiver-Guided, or Qegeg
NoFilter. We were careful not to overlap the intrtion

periods between conditions. At the end of the tvemkv
intervention period, on Dayl4, and two weeks dftet, on

Day28, the participant’'s memory is again assessagu
free recall. We verified the participant's memorif the

experience using the account provided by the cegegis
ground truth.

On Dayl of the Self-Guided condition, caregiversdughe
CueChooser application to select cues from thotfeata,
annotate them, and construct a narrative. As de=tri
earlier, we used a Wizard-of-Oz technique to mdpual
simulate the “automatic” selection of appropriat®fos to
suggest as good cues for the caregiver to incladthé
narrative. For P1’'s dinner party, a people-basgxteance,
we manually looked at the photos to find large $aodéth
strong features and good illumination that an ayerace
detection software would be able to detect. Fos RiZit to
an indoor art exhibit, an object-based experiense,
examined the accelerometer data to find momentsighf
and low movement as proxies for interesting exhibit'e
took roughly 20% of the photos corresponding to the
highest and lowest motion peaks. For P3’'s trip tb a
outdoor zoo, an object-based experience, we exahthe
GPS log to find moments when the participant wasingp
slowly or staying in one place for more than twoates as
indicators of when he was looking at somethingreggng.
Caregivers could choose to include these suggeéttare
cues in the narrative or not. The participants ttesfmewed
the caregiver-constructed narrative of cues usihg t
MemExerciser tablet-based applicatioon their own
without requiring the caregiver to repetitively dei them
through the cuesCaregivers did not engage the participants
in a cueing dialog about the experience in thiddmn but
instead only prompted the participants to use Mean&izer

to refresh their memory on the appropriate daysthef
intervention period.

In the Caregiver-Guided condition, our participants
followed a review procedure similar to the previaisdy

élS] with SenseCam images and memory. On Dayl, the

caregivers looked through all the pictures and ctetk a
subset to use in a discussion about the experieitbethe
participant. On each review day, participants aaregivers
sat down together to review only photos using the



SenseCam Picture Viewer according to the same wevie RESULTS
schedule as in the Self-Guided condition. This wdew Each participant/caregiver dyad went on four défer
allowed caregivers to playback the photos onetanha or experiences and completed all four experimental
as a flipbook movie using rapid serial visual preéatton.  conditions, except P1/CG1 who did not participatethie
In contrast to the Self-Guided condition where the Caregiver-Guided condition. Even though they fouhd
participant reviewed a caregiver-constructed ariadta various interventions interesting, the caregiveridied that
narrative on their own, the Caregiver-Guided cdadit she did not want the extra complications of anothand to
requires the caregiver to be present to guide the review take up time in her busy life. For our statistiaahlysis, we
processby walking through the photos, describing them, followed a standard procedure for estimating Plissing
and engaging the participant in a dialog with goest value for a two-way ANOVA: the least-squares estama
about the experience. which is based on both the means for each conditiahfor

. . " . . each participant.
The C_:aregwg—rr-NoFllter_ _cond|t|on was |dent_|cal tb_et In the Self-Guided condition, caregivers were gbléook
Caregiver-Guided condition except the caregivers rut through the lifelog data, make decisions about the

Fake the extra step to.s.elect out a subset of phbtd suggested media, and select and annotate dataet@sus
instead walked the participant through the photostaken cues. All participants were able to successfullg ise

by the SenseCam, skipping over any at their discret MemExerciser tablet-based system on their own waftér

In the Control condition, participants also went an  being prompted by their caregivers. Based on theong
personally significant experience but they did nse any  recall scores, metamemory assessments, and tirae wiat
intervention to help them review the experienceeith now consider whether they supported our hypotheses:

memory for that experience was also tested using al4ypothesis 1: Memory Recall

identical schedule as in the other conditions. At the conclusion of each experimental condition,
participants recounted the details of the origexgberience
Measures and rated the vividness of each recounted detaiguhe

For each experimental condition, we measured
participant’s ability to freely recall the details of the
experience three times: immediately after the empee
(Dayl), after the intervention period (Dayl4), afodir
weeks after the experience (Day28). Participardssiied
the vividness of each detail they recalled using the

Remember-Know-Guess scale [9]. Participants ciassd  Total Number of Details . .

detail as “remembered” if they could recall vivigiodic ~ AS an indicator of how well the interventions sufipd the
phenomena such as imagery, feelings, sounds, aatidns ~ Participant’s episodic memory, we looked at thealtot
associated with that detail. Participants classifitetails ~Nnumber of details recounted correctly, as verifigdthe
they recalled as “known” if they were certain thetall ~ Caregiver. As shown by the negative slopes inaibtions
actually happened but could not retrieve any specif N Figure 4, participants forgot details of the esipnce as
episodic phenomena about it. They classified deta# =~ more days elapsed after the original experiencendJa
“guessed” if they were unsure about whether theyewe nON-parametric statistical test, a Friedman repgeate
recalling correctly. P1 had difficulty in making gu ~ measures ANOVA on ranks, we found there were no
distinctions, so we analyzed a transcript of heefrecall ~ Significant differences in the rate of forgetting Bayl4.
session for specific episodic details like feelingad ~ However, when looking at the longer-term recallresoat
imagery, key features of “remembering” versus “kirayy’ Day28, we find marginal differences that approach

As a measure of how the approaches affected the 12

theRemember-Know-Guess scale. From these data, we
consider two operationalized measures for how well
participants were able to recall the breadth anpthdef
details from their experiences: thatal number of details
recalledand thepercentage of “remembered” details

participants’confidence in their own memagrparticipants
completed a version of the Metamemory in Adulthood 10 -
(MIA) questionnaire [6], shortened from 100+ itetns20
items to focus specifically on their ability to edicepisodic 8 1 -
memories. Participants completed the MIA questimenat 6 | y - T
the very beginning of the study (as a baseline) aiter ¢ Control ™~ -
each experimental condition. 4 - Caregiver-NoFilter ~a
For caregiver burden, we measured #dreount of time —— Caregiver-Guided (SenseCam
caregivers spentusing the interventions applied in the 2 1 Viewer) )

. L. . .. ——o— Self-Guided (MemExerciser)
experimental conditions. After completing all cdiatis, 0 .

caregivers were interviewed separately where weedask
them which approach, Self-Guided, Caregiver-Guided, Dayl Day28

Caregiver-NoFilter, they would prefer to use and/wh Figure 4. Mean Number of Details Recalled



significance (p<0.07) among the experimental camiatt in
the rate of forgetting (shown as the slopes oflithes in
Figure 4). This suggests that the Caregiver-Guatedl the
Caregiver-NoFilter conditions resulted
forgetting than the Self-Guided condition. One tation in
our study design is that some experiences haverdift
number of details to recall. Moreover, some expegs
may be inherently more interesting and easier talke
which may be the reason for the relatively low fting
rate in the Control condition in Figure 4. To miiaen this

in more dapi

analysis for the change in vividness over four vgeek
reveals a similar trend (p<0.05) where the Selfd@di
conditionincreased and maintainea level of remembered
details (and thus the feeling of reliving the expece)
whereas the other conditiomecreasedn vividness. The
increase in the percentage @memberedetails for the
Self-Guided condition provides support for Hypotkels

Hypothesis 2: Memory Confidence
Participants completed a customized version of the

impact, we made sure each experience was one thdletamemory in Adulthood (MIA) questionnaire at Ny
individual with EMI would want to reflect on afteands. beginning of the study (for a baseline measuremant)
These data provide marginal support Hypothesis d an after each experimental condition. We used a matame
suggest that the MemExerciser's Self-Guided approac assessment taken at the beginning of the studypasedine

resulted in participants forgetting fewer detaitart the
Caregiver-Guided approach. With the ability to rember
more details, our participants’ memory exhibitectager

instead of during the Control condition becausedignot
want participant’s use of the experimental inteti@rs to
unduly influence their baseline beliefs. We inclddeur

breadthof the experience. Our next measures examine thescales in the MIA questionnaire to assess varispsas of
depth of their memory for the experience by looking at their own beliefs about their memory: capacity, iaty

vividness of the recalled details.

Percentage of Remembered Details
We measured the vividness of our participants’ nmgso
by looking at the percentage of details they judged

locus (control), and achievement (the desire tontaai or
improve memory). Summing these scales togetherafor
overall measure for self-assessed confidence inangme
observed that participants were most confident tibiweir
memory after the Self-Guided condition (Mean=63.3,

rememberedon the Remember-Know-Guess scale of SD=6.7), followed by the Caregiver-Guided condition

vividness [7]. The higher the percentage refnembered
details for an experience, the more likely the ipgrant
would feel as if he were mentally reliving the erpace
using his memory rather than simply knowing thetraizs
facts about the experience.

To account for the differences in the initial viniEks
(percentage of details judged asmembered of each
experience, we analyzed the change in vividness tive
(shown as the slopes of the lines in Figure 5)erathan the
absolute percentages. We found statistically sigpuit
differences among our experimental conditions aylida
(Figure 5) using a Friedman repeated-measures ANOWVA
ranks (p<0.05), with the Self-Guided condition t&sg in
an averagencreasein rememberedietails after the two-
week intervention period versus an averagereasein

remembereddetails in the other conditions. A similar
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Figure 5. Percentage of Details Judged &emembered. The
Self-Guided condition increased iremembered details.

(Mean=59.6, SD=4.7), then by the Caregiver-NoFilter
(Mean=59.0, SD=4.0) and least confident at the Base
assessment (Mean=54.3, SD=9.6) (Figure 7). A Fraadm
repeated-measures ANOVA on ranks (p=<0.05) revealed
that participants felt significantly more confideabout
their memory after the Self-Guided condition thanthe
Baseline level, whereas the Caregiver-Guided and
Caregiver-NoFilter conditions were not significantl
different from Baseline. These data provide supfporta
modified form of Hypothesis 2: the Self-Guided aggurh
can help the participant feel more capable andidenf in
their memory abilities than normal whereas the Qiass-
Guided and Caregiver-NoFilter approaches do not.
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Figure 6. Participant’s selfassessed memory confidence usii
the Metamemory in Adulthood Questionnaire

Hypothesis 3: Caregiver Burden

In addition to the improved memory outcomes for the
person with memory impairment, we also looked a& th
amount of extra work imposed by each review metbiod
the caregiver. Caregivers are physically and mbntal
overburdened and seek ways to minimize the amofint o
extra work they have to do.



Caregiver-Guide
filter + review = total

Self-Guided HCaregiver-NoFilte

CG1 67 mins n/a 120 mins
CG2 64 mins 19+52=71mins 86 mins
CG3 55 mins 12 + 54 =66 mins 102 mins

Table 2. Amount of time required by each caregive(CG) to
use each review method. The Self-Guided review metti
required the least amount of the caregiver's time.

With the Self-Guided approach, caregivers spenthedir
time at the beginning to select cues, annotate therd
create a slideshow narrative of the experience.thim
Caregiver-Guided and Caregiver-NoFilter conditions,
caregivers spent most of their time in review sessiwith
the person with memory impairment spread out oher t
two week intervention period. Table 2 shows thef-Sel
Guided approach had a greater upfront cost in botestill
demanded the least overall amount of the caregiarie.
Spending time initially filtering the lifelog in &hCaregiver-
Guided condition also resulted in a lower overathet
burden when compared to the Caregiver-NoFilter itmmd

DISCUSSION

Our evaluation study looked at how different intti@n
designs (Self-Guided, Caregiver-Guided, and Caeggiv
NoFilter) for a lifelogging system could help regtawo
aspects of normalcy in the lives of individuals lwEMI
and their caregivers: 1) the ability and confidendéethe
individual with EMI to recollect recent experiencasd 2)
relieving the caregiver of the burden of repetiive
supporting the individual’s memory.

The MemExerciser's Self-Guided review approach thas
most effective at restoring a sense of normalcy tfor
individual with EMI through supporting his abilityo

recollect recent experiences. Participants were @btecall
more details of the original experience when usigSelf-

aspect of feeling normal. Based on responses to the
Metamemory in Adulthood questionnaire [6], our stud
showed that participants felt the most confiderdualiheir
memory abilities when using the Self-Guided apphotx
assist them to remember recent experiences. Quadita
feedback from our participants corroborated our
guantitative results. P1 said that reviewing a atawe on

his own “refreshed his recollection” of the original
experience. P2 saidjlt brings back memories that |
wouldn’'t normally have remembered...It's a remarkable
device.” The Self-Guided approach helped our participants
feel more normal in both their ability to recallceat
experiences and their confidence in their memoiitiass.

The value of normalcy also extends to the caregiVee
caregiver values her own independence from theopers
with EMI, which requires the person with EMI to be
independent himself. The caregiver therefore sirite
minimize the amount of extra work she needs to mo i
providing care. As with any intervention, reviewihiglog
cues to support memory imposes extra work on the
caregiver. From our results, the Self-Guided apgrpan
which the caregiver authors a slideshow narrativg once
instead of repetitively going through the lifelogatd,
required the least amount of time, when comparethé¢o
Caregiver-Guided and Caregiver-NoFilter approaches.
Moreover, should participants continue to use these
approaches to reinforce their memory, the time &ordn

the caregiver would continue to grow with the Careg
Guided and Caregiver-NoFilter approaches whereas it
would not increase with the Self-Guided approachoulir
interviews, all caregivers said that the Self-Gdide
approach required the least amount of work. CGd dz
Caregiver-Guided approach required more wdr&cause |
had to be involved [during the reviewin§JCG2 said“l

had to go through it with [P2] every time insteadhim just
doing it himself.” In fact, when we asked CG2 which

Guided approach (when compared with the Caregiver-review method she would most like to use, she ctiose

Guided and Caregiver-NoFilter approaches) becahsg t
were able to review at a more comfortable pacethimk

Self-Guided approach and laughingly described Heese
being 'lazy' because she would rather do something else

more deeply about each cue. The Self-Guided approac(such as taking care of her many household chores o

progressively revealed more details to support eleep

reading her novels) instead of going through thmesa

processing of memories which can make them easier tpictures again and again with her husband. CG3 aaid

recall [5]. In our interviews, P2 said that wheringsthe
Self-Guided approach, hevbuld be more inclined to take
more time and look for more details...and get moreabu
it...because you're looking for things you don’t nalim
see [in the Caregiver-Guided approachHis caregiver,
CG2 said, It helps him focus his thoughts, plus [the
ambient] voices for the slides makes it easier Hon to
recall each picturé. The Self-Guided approach enabled
participants to retrieve additional details thatythdid not
initially recall, which produced richerntfore lifelikeé (P3)
accounts as measured by the increase in percemtage
rememberedletails over time.

In addition to the actual ability to recall recespisodes,
feelingconfidentin the ability to recall is another important

drawback with the Caregiver-Guided approach wassha
did not like reviewing the lifelog with her husbaifdshe
was not in the mood that day. CG2 and CG3 desioed t
restore a state of normalcy where they do not rnieed
repetitively attend to their husband as a caredintrather
where they can attend to their own well-being. Bedf-
Guided approach allows the person with EMI to riépety
refresh his memory of recent experienoashis owrwhich
minimizes the additional amount of caregiving work
required of the caregivers.

However, CG1l's preferences revealed other factbet t
contribute to a sense of normalcy. CG1l preferred th
Caregiver-Guided approach because she enjoyedviege
the photos with her husband as a shared activitg. s&id,



“[The Caregiver-Guided approach] was something weé di about ‘getting it right when switching it on/off. However,

together — which doesn’t happen ofteBMI often makes it
difficult for individuals to have meaningful consations
because they lack memories of recent experiencéslko

the capture devices did not impact the enjoymentheir
outings. In fact, in most cases, participants ugualrgot
they were recording their experiences.

about. The Caregiver-Guided review approach enableq:m the hybrid cue selection task, caregivers usady of

CG1 to engage her husband actively in a conversatiout :
a recent shared experience. We observed CG1 b«j.havinthe suggested photos but were also curious aboatt ether

noticeably more affectionately toward her husbafigra
spending 30 minutes sitting on the couch with rongtide
him through the lifelog data. For CG1, the abitilyhave a
meaningful conversation with her husband is an irgmd
part of feeling normal. CG1 also preferred the Geuer-

Guided approach because she felt her husband labked

motivation to review the lifelog data on his ownstead,
she felt that by going through the lifelog dataeitgr with
him, she played a greater role in helping him eserbis

photos and sounds were recorded. They frequenglg the
suggested photos to explore other content captoedote
or after the suggested photos. Our caregivers otk
employed visual search through large portions ofteat to
find a particular scene to include in the narratiVeols to
support the cue selection process should allow bfath
high-level access to the content as well as thigyatw drill

into the content details to find a particular itefrinterest.

Our participants had varying levels of interesttlie cue

brain, slow the rate of cognitive decline, and evenreview activity. P1 had little interest in reviewginvhat

potentially restore some memory function that he fuet.

CGL1 said of P1j[The Caregiver-Guided approach] helps

him use his memory...it helps him use that part ©bhain

that he wouldn't use otherwise. That's gbodor CG1,
another important part of restoring normalcy in liferwas
helping her husband restore his declining memoiljtiab

to a more normal, more competent state. Takingctinea
role in exercising her husband’s memory was one svey
was trying to “turn back the clock” on the cogndtiglecline.

MemExerciser’'s Self-Guided approach had three main

differences from the Caregiver-Guided approachesypf
sensing, hybridvs. caregiver-only filtering, and sel¥s

caregiver review. These two different approachesewe

successful at restoring different aspects of nocyndbr
individuals with EMI and their caregivers. The Sélfided
approach with its additional ambient audio sensing its
review method that progressively revealed cues mase
effective at restoring a sense of normalcy for preeson
with EMI by improving their ability to recall andeél
confident about recent experiences.
approach’s computer-assisted
narrative construction helped restore a sense ohaloy
for caregivers by minimizing additional work impdsen

The Self-Guide
fitering and one-time

happened recently and preferred to read rather ltwnat
photos on his own. Likewise, P2 preferred to nap B8
preferred to watch television rather than to lodk aa
slideshow of a recent event. These impressionsatglithat
the activity of reviewing recent life experienceaymot be
motivating enough by itself. Instead, reviewing lié¢log

cues should be integrated with other activitiesclisas
storytelling, photosharing, or scrapbooking)
reminiscing about recent experiences can be ahyesite

effect rather than the main purpose. In fact, ie case, P3
was motivated to review the slideshow when his teerg
came to visit and shared his trip to the zoo wigh. IDther
factors that impacted the cue reviewing experiencese

the visual and auditory limitations of our partigigs. Our
participants may not have angled the tablet scpegfectly

so that the low resolution photos would be dispaye
optimally. P1 had a hearing limitation that madee th
ambient lifelog audio difficult to comprehend. Dgrsérs of
technology for people with EMI, many of whom arelex

dadults, should remember to consider their visuall an

auditory limitations.

Our evaluation study has some limitations. The sty
included three participants and their caregivercrRiting

them. On the other hand, the increased conversdtion from this population is particularly difficult begse

interactions and opportunities to play an activée rim
slowing cognitive decline afforded in the Caregi@irided

caregivers are often overburdened. To make the afasir
limited number of participants and to account fatividual

where

approach help caregivers (those who value conversat differences, we used a more powerful within-sulgjstudy
and an active role over minimizing the burden of design. For our analysis, we used non-parametatissts
caregiving) restored a sense of normalcy in tlisl based on ranking rather than absolute values, which
revealed some statistically significant trends teapport
our hypotheses about memory recall and confidembe.
qualitative impressions of our participants alsor@oorate
our quantitative findings. Nonetheless, furtherleations
with more participants and experiences would imprthwe
generalizability of our results. The study alsdeelonly on
participants’ self-reported impressions about tbgndtive
processes such as the deeper processing of cuesetea
critical for supporting a more vivid recollection ihe Self-
Guided condition. More objective measures suchramb
imaging may help better uncover these cognitivegsses.

Our evaluation also gave us an opportunity to bette
understand how older adults would integrate lifgiag
technologies in their lives. Our participants egger an
interest in logging only significant and meaningful
experiences rather than everyday routines. Carnegive
frequently were apprehensive about whether thesecty
switched on/off the various capture devices and thdre
they actually recorded anything during the expesen
Integrating all the functionality into one devicetlwone
physical switch could help reduce the caregiveosoerns
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