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ABSTRACT

Digital family calendars have the potential to hdhmilies

coordinate, yet they must be designed to easihyithin existing

routines or they will simply not be used. To undkamg the critical
factors affecting digital family calendar designg vextended
LINC, an inkable family calendar to include ubiguis access,
and then conducted a month-long field study witbr feamilies.

Adoption and use of LINC during the study demonsttathat
LINC successfully supported the families’ existinglendaring
routines without disrupting existing successful isbgractices.
Families also valued the additional features emabileLINC. For
example, several primary schedulers felt that ubigs access
positively increased involvement by additional fgrmembers in
the calendaring routine. The field trials also ided some
unexpected findings, including the importance ofbitity—both

within and outside the home—for the Tablet PC ragrilNC.

CR Categories: H.5.3 [Group and Organization Interfaces]:
Computer supported cooperative work

Keywords: Family, calendars, home, coordination, awareness

1 INTRODUCTION

Family life involves the continual organization acdordination
of various activities on an everyday basis [1,111Tp Families
use a variety of ‘tools’ to help them coordinateithactivities
ranging from calendars [2], notes and lists [1@]téchnologies
including phones, email, and instant messagingI1]2We focus
on studying family calendars as they are most oftencentral
coordination artifact used by families [10,18]. Maamilies use
paper calendars because they are easy to use, emauitl
personalizable [2]. Yet paper calendars have ltibitg. They are
not easily available from the many locations tlzethify members
frequent as they go about their activities. Whdene families use
multiple calendars to overcome this problem, thignds
additional challenges of synchronization [2,10].

Technology offers promise for enhanced family cdbeing.
Via networking, digital calendars can make caleimdgar
information ubiquitous and simultaneously accessifiiom a
variety of locations. This could let families moeasily view,
update, and coordinate activities. However, one tmfirst
understand how to best design digital family cateadin a
manner that enables them to meet the real coomimaeeds of
families, and to extend what they do in a bendfiviy.

We are investigating family calendaring through tipig
research stages. We began with initial exploratiohsfamily
communication [11], and continued to more focusedliss of
family calendaring routines [2,10] (summarized econ 2 along
with other related work). Study findings, along hwjtarticipatory
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Figure 1. The LINC Family calendar in the Leonard kitchen.

design sessions, led to LINC: an inkable digitahifsg calendar
[9]. Our current work describes the experience ofimg LINC

out of the laboratory and into the homes of eveyyidanilies. A

field study is critically important to understanddaevaluate the
effect a digital family calendar like LINC will hav—especially if
it is ubiquitously available—on the calendaring mes of

families.

To conduct our study we first extended the LINCitdigflamily
calendar over what was reported in [9] to makeejpldyable to
everyday families (Figure 1). People can now rdigustcess the
calendar from multiple locations using multiple IGN\clients, as
well as two design probes offering web and mobHerg access
to the family calendar. LINC and its new features summarized
in Section 3, along with a discussion of how iffeti§ from other
digital calendars. Next, we performed a four weeldfstudy of
LINC’s use in the daily lives of four families. Odocus was
twofold. First, based on adoption and usage, weglsouo
understand whether LINC met the participants’ cddgimg needs.
Second, we looked closely at the families’ existoajendaring
routines and the effect, if any, of LINC on thoeeatines.

To foreshadow, all four families adopted and usddl
throughout the study period. Participants apprediahat since
LINC retained many features of their paper calendawas
relatively easy to adopt LINC into their existingutine. For
participants that did not typically handle calendaties, remote
access and the public location of LINC within thente gave
them greater visibility and access to the familyendar. By
taking LINC out of the lab and into the field, wks@saw how
some participants moved the Tablet PC running Lid@in their
home to do calendaring tasks and other activisash as email,
web surfing and casual gaming. In addition, oneilfaraven
valued the mobility of LINC on the Tablet PC outsiof the home
where mom would take it to events.

2 FAMILY CALENDARING ROUTINES

Ethnographic interviews, design studies, and swayfamilies
have articulated important aspects of calendarimgtimes. To
summarize, families use one or more calendars aseskic
artifacts central to their coordination routine$,fi8]. Nearly all
families have one calendar most central to thegaoization
routine, theiprimary family calendarMost families situate their
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primary calendar in a publicly available or highffic location in
the home to promotpublic awarenes®f the family’s activities
[10]. Still, some families use calendars that asslthan public as
their primary calendar as it offers more mobilitjere awork
calendar (e.g., Microsoft Outlook) [2,10] opersonal mobile
calendar (e.g., PDA, daytimer) may be used [10]. The trddeo
fixed calendars in the home provide household avem® at the
cost of mobility, yet mobile/work calendars proviggnote access
at the cost of household awareness [10]. In betwiesse
extremes, some families usecondary calendarn® record family
activities that already exist on the family calendBhis makes
their calendar information accessible in more thast one
location [1,3,10]; however, people must now tedipus
synchronize these calendars (often by manuallyiogpgvents) to
ensure activities are not missed [2,10]. This psecean be very
time consuming [10].

Families record a wide range of activities on thmitendars
including extra-curricular sports or music evestjool activities,
non-routine work events, and tasks [9,10]. Theyp alse arange
of annotationdgnvolving abbreviations, colors and highlightsdan
symbols (e.g., drawings or stickers) to provideHer meaning to
their calendar entries andake particular information stand out
at-a-glance(e.g., some information can be discerned witheahe
reading the details) [3,9,10]Coordination is then done by
gathering an awareness of calendar activitigey checking or
being told) and using this knowledge to plan arstua$s who will
attend or drive to events [9,10]. Yet this routimeaks down if
family members cannot easily gather an awarenessctifities
because the calendar is not accessible where tea/ih(because
of a lack of ubiquity).

The level of family involvementin performing these family
calendaring tasks varies [10]. All families typigalhave a

primary schedulerthe person most responsible for maintaining

the family calendar [1,2,10]. In most families sed] this is a
woman [1,2,10,17] because women frequently takéerrole of
parental responsibility [8,18]. Primary schedulese highly
involved in the family’'s calendaring routine, updat the
calendar frequently and reminding other family mensb of
activities [10]. The involvement by other family mbers, known
assecondary schedulergaries from rarely to frequently checking
or updating the calendar [10]. Some families wordlwith only
one primary scheduler, yet others wish family mersabeould at
least check the calendar more often and occasjomaaldl to it
[10,18]. This lack of family involvement can easditem from not
being able to access the calendar (e.g., whiledt ar mobile).

The family calendaring routines we have just dbscr
contrast workplace calendaring routines. In the kptace,
calendars are typically used to record and preseimdividual's
schedule, rather than a small group (e.g., thelyafii2]. People
can typically check their calendar easily becausés inearly
always close by (e.g., office workers are typicaityated close to
their PC calendar). Attendance is typically morgligit on work
calendars as well, when arranging events peopleassigned to
events as attendees during the event's creationshartly
thereafter [12]. Given these differences, it is acledigital
calendars cannot simply migrate from work into hioene [3,10].
Yet the common trend for commercial digital famitglendar
design (e.g., Family Scheduler, Our Family Wiza&thnzo) is to
neglect family routines and blindly migrate feagifeom work
calendars into family ones. Our approach contrdsts In the
next section, we show how the existing knowledgefarhily
calendaring routines informs the design of the LitN@ital family
calendar, where the goal is to meet real familydeee

3 LINC: A DIGITAL FAMILY CALENDAR

LINC is an inkable digital family calendar desigrgakcifically to
address family coordination challenges of ubiqustatalendar
access. The original version of LINC was a stantalalient
designed for laboratory studies [9]. Consequently, extended
LINC into a form deployable to everyday familiese wnproved
its robustness and usability, and extended itggdesd that people
could access LINC from a variety of locations witlaind outside
the home. LINC's design is based on several degigdelines
that emerged from the family routines previouslgatibed. We
list each here and describe how LINC supports theorillustrate
LINC in action, Figure 2 shows events for the “ksstafamily
from our field study; “Kayla,” the mom, is its prary scheduler.

Guideline 1. Support Simple and Flexible Interaction:
Families need a simple means to update their dicalandar, and
flexibility to utilize their own scheduling pracés [9,10,17].
Because of this, LINC'’s interaction is designedbt as simple
and flexible as a paper calendar. To add an ewvetfitet calendar,
Kayla handwrites on an empty sticky note under ‘Nevents’
with the Tablet PC stylus (Figure 2, top left). Kathen drags the
note on to the calendar where it shrinks to fibititat day. Kayla
can also create an event that spans multiple dagplys by
resizing the note to cover them (i.e., by draggthg note’'s
bottom right corner). The handwriting itself istwal for it lets
Kayla and her family freely format notes to fit ithpersonal style
[10,17]. For Kayla this is important because thgety of events
she adds to the calendar vary as well as the iftom she wants
to write down [9,10]. The use of sticky notes alkomore events
to fit in a day (they can overlap) than would be tase if users
simply wrote directly on the calendar.

Guideline 2. Be Publicly Visible and Always-On: Families
need to place their digital calendar in a publizakion where they
can walk by and see activities [3,10]. For thissceg the main
LINC client is an awareness appliance (prototypsidgia Tablet
PC). It is intended to be left always-on with thedendar visible
where there is no task-switching or computer spamequired
[9,10]. It can also be placed in a public and Higiffic area of the
home. The default view shows an entire month, ioking on
the ‘Day’ button at the top of the screen (Figuréop) will show
the Day View (not shown) containing the selecteyl plus two
subsequent days. To add to its visual appeal, i@nilan pick an
image for LINC's background (e.g., family photod)le also
created a screensaver that displays the calendgpabximately
one-third size.

Guideline 3. Provide At-a-glance Awareness of Content:
Families need to be able to glance at the digitdérdar and
understand its contents in order to coordinatevities [9,10].
Contents are revealed in several ways. First, Kayamily uses
LINC's flexible color and ink options to provide -atglance
awareness of which family members have events anchake
certain events stand out. She assigns a note galorfamily
member using the note’s toolbar and also changemkhcolor to
make certain events stand out. Kayla and her @rnldiso draw
pictures (like the face on FeB%to more visibly represent events.
Second, Kayla's family can also create remindersnmgjortant
events using an Options dialog (not shown); renmdien
appear at the appropriate time in the ‘Messagegone(Figure 2,
left). Third, awareness of calendar changes is aiggortant
[9,10,16] because other family members use thendalein
addition to Kayla. While the handwriting revealsav@dds to the
calendar, it doesn’t easily show what has chanigedthis reason,
Kayla can look at the last change under ‘Chandg&gufe 2, left),
or the last 100 changes by clicking ‘more.” Kaylees text
describing each change and the prior version ohthte. Clicking
on a change highlights the corresponding calenslante This
change awareness was not in LINC’s initial verg@jn
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Figure 2. The “Isaacs” Family Calndar in Month View.

Guideline 4. Allow Access Outside the Home: Families need
to be able to check the family calendar outside tibene to
coordinate family activities [2,3,10]. Unlike theiginal version
of LINC [9], our modified LINC can be installed omultiple
computers. Kayla has installed LINC on her work R@jch
synchronizes with other LINC clients using a remsdever. This
lets multiple LINC clients run autonomously fromyalocation
(provided that Internet access is available dusyrchronization).
Kayla can also now type events (reflecting the ttgsC use of
LINC), and these appear on notes as typed textlakalusband,
Karl, cannot install LINC at work because of seturestrictions.
Instead, he uses our new, LINC Web client, whicbpldiys
images of the calendar in a web browser (Figute3,

Families also need to check their calendar whiléitrad3,10].
For this reason, Kayla and Karl both run anothev aéent, LINC
Mobile, on their Windows Smartphone (Figure 3, bot}f. LINC
Mobile also displays images of the family calendadefaults to
showing ‘today,’ but Kayla and Karl can pan andmcaround the
calendar (using the phone’s keypad) to see aetvitin other
days. LINC Desktop, Web and Mobile are our firsepst at
providing family calendar access from any computemobile
location. Currently only the standard LINC Deskieps people
add or update calendar events; this will be addetthe¢ Web and
Mobile clients in future versions. In spite of thi®akness, these
clients give us real world design probes so we batter
understand how family members make use of rematesac

31 Other Digital Family Calendars

LINC is by no means the only digital family calendeaver
designed. Plaisanet al’s [14] InterLiving family calendar
addresses the needs of families to share calemfamiation
between multiple families (e.g., grandparents dmair tchildren’s
families); thus, its focus is anter-family calendaring rather than
our focus onintra-family calendaring. Unlike LINC, it does not
support ubiquitous calendar access. Hoefnagel al!s [4]
conceptual “long-term planner” connects family wityi “squares”
in an activity diagram. While a plausible desigrtapor, it does
not take advantage of people’s existing skillsratarstanding and
using a calendar grid.

Commercial family calendars for the web are alszpping up
at an increasing rate (e.g., Family Scheduler, Faumily Wizard)
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Figure 3. LINC Web and LINC Mobile.

where they provide a shared family calendar thattessible via
the web. The problem is that most of these calenaa designed

for individual use based on workplace calendaring where people
are assigned to events. Despite offering ubiquitB@saccess,
these calendars are not easily made visible withénhome for
public at-a-glance awareness of events.

We believe LINC is the only calendar to date thaedly
explores digital family calendar design for intea¥fily
coordination. It is purposely designed to be likpaper calendar
to promote simplicity and flexibility, and fit with routines; this
deviates significantly from the norm for digitalnfdy calendar
design.

4 FIELD STUDY METHOD

We deployed our refined version of LINC to four kebolds over
a period of four weeks; two families were from $eatU.S.A,
and two were from Calgary, Canada. We describe ity in
the next section. Our goal for the field study wasunderstand
how LINC affected family calendaring routines: 19 d fit within
people’s existing routines, and 2) did it extendtires in an
appropriate way to overcome existing calendaringllenhges?
Studying the real-world usage of digital family eadlars is
critical to our understanding of family calendaridgsign. We
believe that field trials provide the necessaryl nesage that
allows us to understand the real challenges of taapand using
a technology. Lab studies offer complementary figdi yet they
cannot draw out this kind of contextual information

We chose four families in order to see the effefttINC on
several different styles of coordination routineeWased the
length of our field study on pilot studies with oconn families.
These showed that it took about two weeks to gettire habit of
using LINC. Thus, a four week field trial would ¢ape the initial
adoption of LINC, plus an additional two weeks efjular use
that could show how routines further developed agoluiNC. We
gathered and analyzed over thirty hours of intevvidata
describing the adoption and use of LINC based orertttan 120
total days of usage by all families. Of course,rfeamilies over
four weeks does not reveal patterns of extendedj lterm
technology use, nor does it capture the diverdity large group.
However, this does not take away from its value: gtudies are
akin to discount usability methods that reveal icalt design



Table 1. Calendaring routines: the first five columns describe routines before LINC and the remaining describe routines with LINC.

. . Existing Primary .
Family Routine before . Stated Stated L Drawbacks with
Composition LINC CaleLndar _and I Successes Challenges =G i e LINC
ocation
Homemaker and | Mom is primary AOL Online Mom ‘owns’ the Getting others to | Public and multiple Didn't always need
Leonard Manager; scheduler and Calendar; calendar check calendar home locations mobile calendar
(Seattle) Children Ages: reminds others Mom has because it is allowed others to access
10 & 13 of events access from any digital check the calendar
computer
Tour guide and Mom is primary School district One person in Getting others to | Public location Mobile device not
[ Te(_:h support; schgduler and paper calendar charge; ) check calgndar; allowed others to the right form factor
(Seattle) Children Ages: reminds others and notebook One location Synchronizing check the calendar;
7&10 of events stay with Mom with all events calendar and Access at work for
notebook Dad
Accountant and Dad is primary Paper calendar Publicly Scheduling Paper-like attributes Didn't have
Firefighter; scheduler; in kitchen on viewable remotely allowed it to fit within | overview plus daily
Newman Children Ages: All check the door by exit to calendar routine; detail;
(Calgary) 15 & 17 calendar garage location for all Access at work for Needed ability to
family members Mom add events while
mobile
Two teachers; Mom is primary Large paper One person in Synchronizing Paper-like attributes Not integrated with
Children Ages: scheduler and calendar on charge; calendars; allowed it to fit within Dad’s work
Chambers | 3¢ 3 months reminds others; | fridge near Public calendar | Scheduling routine; calendar;
(Calgary) Dad also checks | phone location for remotely Access at work for Dad couldn’t add
entire family Dad events from work

factors even with small numbers of participants

Initial Interviews and DeploymentWe began by interviewing
each family at their home where we asked them albloeir
current coordination routine. We kept written notesd audio
recordings for all interviews. Children were inobadonly if it
seemed appropriate given their age. To ground tlestipns, we
asked participants to describe and show us whdacsd (e.g.,
calendars, notices) they used for coordinating lfamctivities.
Next, families were each given a 12 inch Motion @aiting slate
Tablet PC without a keyboard that ran LINC for theation of
the study. We spent additional time with each faritroducing
them to LINC (along with LINC Web) and setting i un their
home. This involved setting up a wireless netwarlone home;
the other three already had an existing wirelessork.

The Four Week Study Periodgach family then used LINC as
their primary family calendar for four weeks. Mabphones with
LINC Mobile were given to the two Seattle familitg the last
two weeks of the study to see how the addition obite calendar
access would affect the family’s routine. (Due he pragmatics
of international mobile phone plans, the Calgaryifies were not
given Smartphones). We gave each family a jouroalwhich
they were asked to report any findings and thoutites came up
throughout the week. To remind family members eate entries,
the journal was initially placed next to the TabRE LINC
location. At the end of each week, a researcheitedisthe
family’s home to discuss how they used LINC over week. We
used contextual interviews where descriptions fithe family’s
journal and events recorded in LINC ground our us@ons [5].
During deployment, we fixed minor interface bugatthppeared,
but did not perform any major changes. The fieldtlgtconcluded
with an exit interview with each family.

Data Analysis: At the study’'s conclusion, we reviewed the
journals’ contents, all of our interview notes, areturned to our
audio recordings for clarifications. Using affiniiagramming,
we categorized our findings across all familieselasn the type
of challenge or success that was reported with [$NGe. This
revealed several key themes which are the focosiofesults.

5 THE STUDY FAMILIES

We now describe our study families and their exgsttalendaring
routines. The first five columns of Table 1 sumrrarihe routines
before LINC. While our families are fairly similam composition,
they differ in a crucial way:each family has a different

coordination routine These routines are also highly representative
of family calendaring routines in general, as folyd210].

The “Leonard” Family (Seattle) has adopted AOL’s digital
online calendar as their primary family calendaorvroutinely
accesses it from the computer at the top of thiesstaut loves
being able to check it from different computerssrewhen out of
the house. She will sometimes print it out to tekih her. While
the family routine works well because Mom ‘ownsk thamily
calendar, login and access issues of this digilenclar has made
it challenging for other family members to checkThus, they
rely on Mom to remind them of activities.

The “Isaacs” Family (Seattle) uses a paper calendar as the
main family calendar. Their calendar doesn’t havéygpical’
location in the house as it generally stays withnVishe takes it
out of the house and to work with her, especidlishie knows in
advance that she will need to schedule somethihgs Makes it
challenging for others in the family to check tredemdar. Mom
also uses a notebook to track tasks; thus, she theeadditional
challenge of keeping the calendar and notebookhsgnized.

The “Newman” Family (Calgary) is unique in that unlike most
families [1,9,10,[18], the dad is the primary sahled This is
because his alternating day/night work schedulenséde is at
home the most. The family says that the best thibgut their
coordination routine is that the centrally locapper calendar is
accessible to everyone when they are at home. dtéh@ events
to the calendar while not at home is challenginggd @ften
involves leaving messages on the answering machike.most
families, the family calendar is very importanthe Newmans. In
fact, during our first visit when we introduced LONDad told us
"[The calendar] is our life line, [LINC] better waét”

The “Chambers” Family (Calgary) has the youngest family,
with two preschool-aged children. After having dnén, the
Chambers found a need to have a calendar locateglace that
both parents could see, in this case on the fritbge. Mom is the
primary scheduler. She maintains the family fridgdendar, as
well as a paper notebook calendar, and milestoleadars for the
kids. The Chambers like having multiple calendashewith its
own purpose and type of events. Yet this leadynolgonization
challenges. They find the best thing about theirtine is that
Mom is in control of it. The Chambers also findditficult to
record events when not at home.



6 EXPERIENCE WITH LINC

All four study families adopted LINC during the gea of the
field trials and even wanted to continue using LIN@er the
study finished. The benefits and drawbacks each ilyfam
experienced with LINC are summarized in Table 1ju@ms 6
and 7. In presenting the results of the field stwag organize our
findings by our design guidelines and focus on ioinly key
factors—illustrated by quotes and usage descriptighat helped
families adopt and use LINC as well as those tiratdred its use.

6.1 LINC Supported and Enhanced Existing Routines

Our first guideline focused on simple and flexileeraction.
Because LINC was designed to be used in ways sitalaaper
calendars, the Chambers and Newman families weeet@hdapt
LINC into their existing routinewith only small routine
adjustments. The Chambers Mom recorded 21 eventsiNG
during the month (compared to 13 on their papeercidr the
previous month). Mom checked the calendar as perukaal
routine and Dad checked it more because he wadedxthat
LINC was a technology (as opposed to the paperyaralendar).

The Newmans recorded 86 events on LINC (102 on mape

calendar last month) with a large number addeddtly Mom and
Dad and several by their children (who were alstited because
LINC was a technology). All family members checkddiC as

per their usual routine.

The Leonard and Isaacs families also adopted LN&E,saw
changes in their calendaring routinas a result. For these
families, LINC causethcreased family involvemeint the routine
as a result of its paper calendar qualitied digital extensions. In
both families, more than just the Mom was checkimg LINC
calendar. Despite this change, both families maiath their
existing practice of having calendar updates dotathdy Mom.
The Leonards recorded 72 events (57 on AOL calemastr
month) and the Isaacs recorded 88 events (89 oer matendar
last month). In both cases, most events were ablgedom with
infrequent updates by other family members. White @ould
imagine increased family involvement might cause fhimary
scheduler to feel their role in the family was #temed, or cause
power struggles, the families in our study andpamticular, the
primary schedulers welcomed and appreciated theeased
family involvement.

6.2 L ocations of Use

Our second design guideline emphasized the valtigeofalendar
being publicly visible. We now describe the fansliexperience
choosing a primary location for the Tablet PC ragnLINC in
their homes and the unexpected importance of ntplfai LINC.

6.2.1 Flexible and Public Primary Location

We allowed each family to choose the initial locatifor the
LINC awareness appliance (on the Tablet PC), withmes
interesting results. The Leonards did not previphsive a public
location for their paper calendar. As a result, CINnitially
moved around the home with Leonard Mom. Yet, byehd of
the study, LINC had been placed in the kitchen nexhe stove
with the realization that this location added valagheir routine
(Figure 1). Because of this public location, theohard family
saw increased family involvement in the calendariogtine.
Family members now checked the calendar becausastin a
public location for them to view:It's kind of fun referring my
family to [LINC] instead of asking mel’eonard Dad enjoyed the
fact that LINC was more publicly visible to see aping family

events. He commentedlt “makes me more interested in paying

attention to the home calendar...l never really asedsthe AOL
calendar much. [LINC] was something | could accessily

without spending a whole bunch of time looking ifor.it was
much more visible.”

The Isaacs also did not have a set location far tedendar
prior to the study. They chose to place LINC onoakzase next
to the kitchen table and also found this publidgwable location
was one of the main benefits of LINC. Isaacs Morit fleat
family involvement with the calendar increased asesult of
having LINC in a central location. She found thdskivere now
adding things to the calendar by drawing pictures &ould even
routinely ask her to make sure an activity washandalendar.

The Newmans and Chambers already had highly visible
locations for their paper calendar. For them, isweaitical that
LINC be placed in a location that allowed them taimtain their
routine. However, LINC's form factor posed some gonatic
challenges. Instead of hanging LINC on their pamtopr, like
their paper calendar, the Newmans placed LINC dkitéhen
counter next to a desk that contained one of thelye desktop
PCs; this location was across the room from thetrpagoor.
Despite a less than ideal location, the Newman Babrted
being able to adapt his routine during the firsekvef the study;
he would now walk by LINC during his exit out oftiouse.

The Chambers family was also unable to place LINGhiir
most preferred location: on the fridge where tipgiper calendar
was located. Instead, the Chambers placed LINC ocouater in
the corner of the kitchen, a good ten feet from fifidge and
adjacent phone. This new location proved awkwdthpagh they
still modified their routine to look in this cornef the kitchen at
the calendar as opposed to the fridge. As Chamidera says,
location is critical for easy calendar accedss ‘obviously not a
good location. For me, I'd like to have a littlet lohore options of
where | can put it ...I make a conscious effort taoger and use
it, but it's not my first initial place to look bause I'm used to
looking at the fridge...[the fridge] is just like sad nature.”

Taken together, these findings show that, as eggdebiaving a
digital family calendar in a public location is ionant for
calendar adoption [3,9,10]. Our experience alserald previous
findings by showing that in real world usesigns must support
even greater location flexibilitthan the Tablet PC we used for
LINC was able to support.

6.2.2 Mobility around the House

While it is certainly advantageous for familiesht® able to place
a digital family calendar in a single public locatj we saw that
family members also wanted to move the calendauratahe
home as they went about their everyday activifi&® importance
of mobility is brought to life by the Chambers.tlally, Chambers
Mom disliked LINC on the tablet because she fefttrandwriting
(vs.typing) was messy. Yet, by the end of the stubig, lsegan to
realize (and so did Chambers Dad) that the mohilitthe LINC
more than offset concerns over ‘messy’ handwrittigm would
now routinely move LINC throughout the home withr.he
“Honestly if | didn't have the tablet | know | walr't use it
because it'd be on my computer in the other roorim. nbt going
to go in [to the other room] to check it becaushalve kids in
here. I'm not going to go and type it in becausephgne is in
here, I'm not going to drag my phone around ancetigpn, that's
why | keep my [paper calendar] in here. Mobility ieery
important, that's why | like the wireless and thblet.”

On a smaller scale, mobility also enabled familiesmore
easily plan and add things to the family calendé&ie Newmans
and Chambers preferred to add items to the caleodaa flat
surface, both families would routinely move LINCttee surface
of the kitchen island. The lIsaacs and Leonard Mateda
similarly, often moving LINC to a table to schedeleents.

Given this, we now know that while a single puldalendar
location is importantfamilies should also be able to move their



digital calendars around the homéue to power concerns,
participants were typically careful to return thablet PC to the
primary public location retaining the value of abjpa location
while benefiting from the ability to move LINC anodi the home.

6.3 Always-On or Easily Accessible

Another important aspect of our second design djuiglevas the
belief that a digital calendar needs to be alwayslo the study,
we saw support for the notion that families dorénwto ‘boot up’
the family calendar to add events to it or checldg with paper
calendars, they simply want to walk up and us&hie strongest
illustration of this arose as a result of a desfaw. In the
Newman's home, the parents’ bedroom is positionsch ghat
lights in the kitchen can be seen from it. Becawsedesigned
LINC to be always-on, LINC produced a glow that Icole easily
seen by the parents as they tried to sleep. Wedieth¢his using
a built-in power feature that turns the display after 15 minutes
of non-use. Thus, in order to see the calendamafdéess of the
time of day), one had to tap the screen and wagrsaé seconds
for the display to turn-on. This interaction anditwaverhead
proved excessive for the Newman Dad and he revédréett to
walking by the paper calendar (which still had ftmily’s events
on it) on his way out of the house, rather thankimgl by LINC.
That is, even minimal overhead to viewing the cdénhad
drastic consequences for its use.

Leonard Mom also found that having LINC always rimgnvas
critical for her use of it and she simply wouldwise it if not
available without ‘booting the computer’ fike the way this can
just be on all the time. Sometimes you’ll be rugrimit the door
and somebody will call and say hey will you be aiolego to
<pause>...| don't want to run back upstairs and tuthe
computer back on.”

However, in contrast, Newman Mom felt that havindNC
running on the Tablet PC as an always-on display beneficial
but not necessarily crucial. She suggested ¢hatly accessible
(i.e., some interaction and a short wait)lstead of always
accessiblewas enough for her to use a digital family calendar
Newman Mom suggested LINC could work as an appdnatn a
PC in ways similar to other easily accessible bot always
visible applications (e.g., MSN Messenger, whichusomatically
invoked on startup).

An interesting development during the study wast tthee
families reported trying out the Tablet PC for athetivities like
checking email, web pages and casual gaming. Vigaitecularly
surprising given the lack of keyboards on the slabdets, emails
may contain prompts for new activities to be plagad the
calendar, and web pages can contain ‘extra infoomatelating
to events like driving maps or other schedules.(esgorts).
Accessing these resources was seen as being highlgd by
several family members.

These findings show that an always-on digital fgnstlendar
is important for actual use [9,10]. They also egte¢his idea to
show thatan easily accessible familyalendar that inter-operates
with related applications may suffice for some fasi

6.4 Awar eness of Calendar Content

Our third guideline focused on the need for farsilte quickly
glance at the calendar and see what is happening.

6.4.1  Staying Aware of Calendar Contents and Changes

Families highly valued the ability to use color amdher
annotations in LINC. In fact, colored notes were atfi the most
popular features. The Leonard’s calendar conta@edifferent
note colors, the Isaacs used 15, the Newmans ukedntl the
Chambers used 7. On the Isaacs calendar, Mom us&dfqr

school events, green for her son’s sports actsyitied for doctor

appointments, light blue for her own events, areydor laundry
(because she said it wasn't fun). Color codingwangs aided all
families in quickly knowingvhohad activities on a particular day
or if importantactivities were upcoming. Families typically chose
the brightest colors available to help events stautdeven more.
Chambers Mom said) ‘tlo like the idea of the colors. | can look
at [LINC] and | know, all the green is [my husbasddvents].
Similarly, Chambers Dad said,just come down in the morning,

I look, if there’s no colors on there | don’t worapout the day. If
there’s a color on there | know.”

While colors were important, Leonard Mom also aslfed
additional ways to visually annotate the calenthou know what
would be really nice, if there was little symbdisat’'s something
I've kinda enjoyed with the AOL one. I've got éttickers with
the calendar they gave meYet she soon found she could simply
draw pictures on LINC and added a heart for Vatesisi Day,”|
liked the colors...I liked how you could draw...it fgaloes look
a lot more fun.”Drawing on events was also a popular feature for
the Isaac children and made them feel much moraragb the
family calendar activities.

Another aspect of being aware of the calendar'sterua is
receiving reminders for events. Automated remindezse found
to be one of the favorite features for workplacgitel calendars
[12,13]. Yet none of our four families found muclseufor
automated reminders in LINC. Family members sa&ythad a
good sense of upcoming events because they hapitiredcked
the family calendar daily. Newman Dad explaitBecause we
look at the calendar so many times a day that feraweminder
isn't a big deal.” Similarly, Chambers Mom saysWe almost
don’'t need reminders. If | were to use remindera/duld be to
remind [my husband], but then | would just phorma hid look at
the calendar and ‘say do you remember you havettiiay?"”
While this finding suggests reminders on the mdspldy may
not be as valuable, Chambers Mom’s use of the plsoggests
reminders to mobile devices could be useful.

LINC’s change awareness panel also saw very limited This
was somewhat surprising, for any family member—pamn
child—could easily add or change calendar eventisowit others
knowing. Yet families reported their existing ptiaes for alerting
others of changes worked well. Newman Dad commentthis,
“It would be no different than our paper calendar.lobk at it
and if it has been scratched out then it obvioistyt happening.
| can’t honestly say that we would normally add stinimg on the
paper and not notice it. We’'d usually go, hey, yiid notice that.
Sometimes we talk about things before we add them.”

On the other hand, Chambers Dad felt it was impbrta be
able to see changes that happederdng the day while at work:
“We get so busy from day-to-day so if somethinghgea | look at
it first thing in the morning. If something changhsing the day,
we're lost anyhow. That would be helpful if it wasline if
something changed during the day.”

These findings show that flexible interaction td ai-a-glance
awareness of calendar contents is very importantefal world
use [9,[10]. We also saw thdbr some families, automated
reminders are not neededausing at-a-glance awareness of
calendar content to be all the more crucial. Whetoines to an
awareness of calendar changes, features higéight changes
done at remote locatiomeay be most beneficial to families.

6.4.2 Detail plus Context Views for At-a-glance Awareness

We choose to use month view as the default viewLdNC

because it is the prevailing paper calendar foramat would be
familiar to participants. However, we found thae thiews we
presented for LINC were not necessarily the bestoatveying
information at-a-glance. Reading ink in Month Viewas difficult
for some because LINC shrinks the ink to createegar more



events. Notes in Day View were larger and moreabks] yet this
view did not provide the context of the week or timon

Through their comments and sketching sessions githia final
interviews, we found families were willing to switaway from
the traditional month and day views to get a viéattshowed
details and some context. Both the Newmans and Gé@m
suggested a combined Day and Month view, where ayod
would be visible on the side of the calendar nexthe month
view. For example, Newman Dad commentg/e’ never have it
on a month because it’s too tiny. For us we justehso much stuff
going on in a day that month view is too small.t.ifldd a month
view and day view [combined]...l could see where getgom we
would ever change it.”

For similar reasons, our screensaver showing thathho
calendar did not work in practice. Newman Dad satggk“If the
screensaver defaulted to the current day that wdagd huge.
We're looking for the current day. You could walk énd you
wouldn’'t have to touch it.”Isaacs Dad similarly said that
coordination is about ‘Today’ and not today plusoaple of days.
These findings emphasize the importance of at-aegla
awareness of calendar activities in actual use0O[9,We have
begun experimenting with novel calendar views thlabw an
entire month or week combined with a day view.

6.5 Ubiquitous Access

Our fourth guideline and biggest change was enghliniquitous
access to LINC. We describe the reactions to acaessork,
while mobile, and the somewhat surprising value Seattle
families found in multiple locations within the hem

6.5.1 Calendar Access from Work

All of the families really liked the concept of a&ssing the family
calendar from outside the home. Both the Isaacs Bad
Newman Mom would check the calendar from work &y shore
aware of what activities were upcoming and what Wwa@g
scheduled (both were not the primary family schedullsaacs
Dad found one of the best features of LINC to Beaitcessibility
from work, “I think what works well is that | can pull it upnomy
work computer. That was definitely a nice thindn’ response,
Isaacs Mom said]t pulled you into being a part of it more.”

A crucial feature we hadot yet developed into LINC Web was
the ability to add events. Chambers Dad found thiagt he
wanted to do most while at work was add things ek thought of
to the family calendar. The lack of being able dd @vents on the
web page hindered this proceSsalso had something | wanted
to put on it but | didn’t remember at home untiddys later.”
Chambers Dad also wanted to be able to view thdyfaalendar
in the context of his Outlook work calendar. SimifaChambers
Mom wanted certain events from her husband’s waderdar
viewable at home. They cautioned that only somentsvshould
migrate between the work and home calendars: dfettitbey
wanted to easily discriminate through visual cuesveen home
and work events.

These findings show that calendar access from wisrk
important [2,10] and extend this idea to show ttat, some

families, the web is a viable medium for accessing the famil

calendar while at workFor othersintegration with existing work
calendars is needed

6.5.2 Calendar Access while on the Move

The Seattle families had the opportunity to use@IMobile for
the second half of the study, yet they didn’t findery beneficial.
Isaacs Mom found the display on the mobile phonéédotoo
small, which made it difficult to see calendar egereven though
the phone could show a complete day. Isaacs Mom ndid
normally carry a mobile phone and suggested addogm factor

for LINC Mobile, “I'm going to need something bigger [when
outside the home]...I've seen those PDAs, but I'msno¢ about
the size. I'm used to carrying binders...but thinkigout the
grocery store I'm not sure I'd want to carry [a tiel...if | have a
PTA meeting I'd take it so [the tablet size] for mmed my eyes,
it's probably that weening from paper to somethsimilar in
size.” As her quote illustrates, Isaacs Mom wanted te talarger
multi-purpose device like the tablet to certainiaties. We were
surprised that Leonard Mom did actually take tregestablet to
meetings and her son’s basketball game.

Another surprise for us was the amount of foresigese moms
had into when they would need to view or add to ¢hkendar
before they left the house. Before LINC, Isaacs Meould bring
the calendar and Leonard Mom would bring a printofither
AOL calendar, but only when they knew they wouldeaet.
Thus, they did not personally feel enough need @eehLINC
always with them to justify carrying another device

In our discussions with the Newman family about hihey
would visualize their preferred mobile experienck LONC,
Newman Dad suggested being able to phone the haleadar
and leave a voice event. This was similar to howcheently
leaves messages on the answering machine to remmmstlf to
update the family calendar. Chambers Dad commettied
having the calendar on a device that is always With is not
necessary; he'd prefer to leave the device beliihd didn't see a
need for it on an outing.

These findings validate that indeed mobile calerataress is
important for families [3,10], yet for some famsiét is more of a
secondary needMobile calendar use is also influenced by the
form factor of the device and the convenience afigiet, which
will vary for families. Thus, families need flexibility when
choosing a mobile calendar device.

6.5.3 Multiple Home Locations

In addition to physically moving the Tablet PC ardiuthe home,
another way to have the family calendar ubiquitpiestailable
throughout the house is to install LINC on multiglemputers.
For the Isaacs family, we installed LINC on theldeg computer
upstairs, and on Dad’s laptop which traveled betweerk and
home. Isaacs Mom stressed that people are not slwakie same
location within the home, and that it was benefitdahave LINC
in multiple places:*Having [LINC] upstairs also was terrific
because if things came in email | could modify thigimt away...1
think if anything [multiple locations] helped enhan [our
routine] because | am in different locations...| didhave to
scramble and go and find that paper calendar whichy not
always be in the place | thoughtDespite the Isaacs Mom being
the primary scheduler, Isaacs Dad felt his involeetin the
family calendar increased because the calendar nas
accessible for him to check on his laptop in theatmns he
needed it[Mom] is the master scheduler, but it did pull rirea
litle more having it.”

For the Leonards, LINC was installed on the den &t
another laptop. Mom most often used the Tabletréate events
(because of the ink), yet appreciated that LINC awailable on
her laptop and looked at it there occasionally.

Multiple locations were important for the two Séafamilies,
yet it is certainly not necessary for everyone. Nevmans had
another computer in a home office where they cagltess LINC
Web, but they never found the need to view thentkde from this
location or install the full version of LINC; theuplicly visible
calendar in the kitchen was enough for them.

Together, these findings extend the notion of digfamily
calendar ubiquity [9] to show that, for some fasslicalendar
access from multiple fixed home locations will briable.



7 Discussion

Our field trials of LINC helped us understand hosttbthe role of
paper-like design attributes and digital calenddersions affect
family calendaring routines.

LINC was designed based on several attributes gfepa
calendars: publicly visible, always-on, simple afigxible
interaction, and at-a-glance awareness. Tipager-like features
were enjoyed by familieand, for the Calgary familieghis
allowed them to fit a digital calendar within theikisting routines
(with only minor adjustments). Yet sometimes it is benefitial
move beyond the abilities of paper. For example)eagned that
at times it would be beneficial to relax the always calendar
model and allow families to use the calendar devareother
tasks. That is, a device should primarily functaman always-on
calendar, but it could also allow people to acastber programs
like email or the web (which often relate to schHedpactivities)
when needed. After a certain amount of inactivitye device
could revert to the always available calendar digplThis is
similar to paper in that it is multi-purpose, yeiper clearly does
not offer digital information access. While Table€Cs are still
prohibitively expensive to fulfill these needs imaptice, we
anticipate cheaper dedicated devices could be founithis. Thus,
a digital family calendar design should balance hHbexploits the
properties of paper while also overcoming its sfadig.

We found that digital extensions to a family cal@ndan
actually change family routines in beneficial wayhiquitous
calendar access helped increase family involverirerchecking
the calendar for the Seattle families (reportedaaprevious
challenge for them). While we initially thought theccess to the
calendar outside the home would be crucial for &dopof a
digital family calendar, we found th&mily calendar ubiquity
within the home is also important including calendzobility and
multiple fixed calendar locationdRemote access from work is
also needed and further explorations should lodkeihtegration
of the family calendar with work calendaré/hen it comes to
mobile calendar access soffianilies may not always want to or
need to carry a device with thetimat contains the full calendar.
This suggests further exploration of alternatightiveight mobile
technologies: imagine phoning your family calenttarell it to
add an event. More generally, this points to a micdk design
paradigm for ubiquitous technologies where in-h@ystems can
be remotely queried or updated in a lightweighhifas, rather
than being completely accessible with a full softéeatures.

8 CONCLUSION

We have presented results from a field study ofCINhere we
took design guidelines derived from family calernidgrtheory
and tested them in actual real-world practice. Assalt, we have
gained a deeper understanding of digital familyedar design
and use. It is one thing to predict digital famiblendar use based
on existing routines [2,3,9,10] and it is another see what
happens in actual practice. Our field study rewkathe
importance of designing calendars to support atteib of paper,
while extending them to provide ubiquitous accé¥scause of
this, we saw LINC fitwithin existing routines, whilextending
them in beneficial ways through increased familyoimement,
particularly for non-primary schedulers. The mdgiland other
uses of the Tablet PCs we provided with LINC alsghlight
some general considerations for those developingcele and
applications for the home.

Of course, our findings are limited in that theg derived from
the specific use and reactions of four familie€ fdC. However,
we took care to choose a diverse set of familiegims of their
coordination routines. These routines prove higekjyresentative
of middle class North American family calendaringutines in
general [10]. Given this, it is reasonable to expkat designing

digital family calendars based on paper attribized extending
them to be ubiquitously accessible will in fact wdfor the
majority of families from this demographic. Natuyal some
families will still vary based on geographic regiamlture, and
lifestyle, and designs will still need to be fleldlio meet a range
of idiosyncratic needs. Finally, the fact that LIN@sa novel
technology caused some members of the Calgaryiéamid pay
more attention to the family calendar. Of coursee oould argue
that this novelty would wear off. However, our frducalendar
users—our children—are increasingly exposed to coenpun
schools; we anticipate they will be more comforeahkith family
calendars that are a part of the digital realmhanfuture. LINC’s
ability to meet family needs shows promise for @ilgtalendars in
the domestic realm.
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ABSTRACT

Digital family calendars have the potential to help families
coordinate, yet they must be designed to easily fit within
existing routines or they will simply not be used. To under-
stand the critical factors affecting digital family calendar
design, we extended LINC, an inkable family calendar to
include ubiquitous access, and then conducted a month-
long field study with four families.

Adoption and use of LINC during the study dem-
onstrated that LINC successfully supported the families’
existing calendaring routines without disrupting existing
successful social practices. Families also valued the addi-
tional features enabled by LINC. For example, several
primary schedulers felt that ubiquitous access positively
increased involvement by additional family members in
the calendaring routine. The field trials also revealed some
unexpected findings, including the importance of mobil-
ity—both within and outside the home—for the Tablet PC
running LINC.

Bio

Carman Neustaedter is currently a researcher at the
University of Calgary, Canada, and a member of GroupLab
and the Interactions Lab. He specializes in the area of
Human-Computer Interaction, where he seeks to under-
stand the socio-technical factors of ubiquitous technology
design to support the everyday social practices of individu-

als and groups. His research spans the broad areas of com-
puter science, cultural anthropology, sociology, and social
psychology.

A.]. Brush’s main research interest is human-computer
interaction with a focus on computer supported coopera-
tive work. She enjoys investigating how technology can
help people and groups with everyday problems, such as
too much email or family scheduling.

She received her Ph.D. in computer science from the
University of Washington in Sept 2002.
tion research looked at annotating digital documents for
asynchronous collaboration, in particular using annota-

Her disserta-

tions for discussion in an educational setting, awareness of
annotations, and anchoring of annotations. Brush’s PhD
research was primarily done while she was an intern in the
Collaboration and Multimedia Systems group at Microsoft
Research.

Saul Greenberg is a Full Professor in the Department of
Computer Science at the University of Calgary. He special-
izes in Human Computer Interaction, Computer Supported
Cooperative Work, and Ubiquitous Computing. He and
his crew are well known for their development of: toolkits
enabling rapid prototyping of groupware and ubiquitous
appliances; innovative and seminal system designs based on
observations of social phenomenon; articulation of design-
oriented social science theories, and refinement of evalua-
tion methods. Saul holds the iCORE/Smart Technologies
Industrial Chair in Interactive Technologies, a distinguished
University Professorship, and was recently elected to the
ACM CHI Academy in for his overall contributions to the
field of Human Computer Interaction.





