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ABSTRACT

Families must continually organize, plan, and stesare of
the activities of their households in order to choate
everyday life. Despite having organization schennesny

people still feel overwhelmed when it comes to fgmi
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family calendar at work for evening events. Desfatailies
using various organization schemes, family cooriibna
still remains an everyday problem for many peofld.[

Paper calendars are one tool used by families lp $tay
organized: they are easy to use, easily shared,lenob

coordination. To help overcome this, we present OUrpersonalizable, and create an instant archive ofilfa
research efforts on LINC: an inkable family calenda jactivities [2]. Yet the downside is paper calendams not
designed for the kitchen. LINC was developed using ayajlable outside the home and can be hard to synite if
participatory design process involving interviewsper  muyltiple calendars are used [2]. The alternativa igital
prototyping, and a formative evaluation. Our wotklimes  calendar, which brings with it the power of teclomyk

key implications for digital family calendars anenfily jnformation access anywhere, the ability to easfange
coordination systems in general. We found that dioation and edit events, and easy synchronization between
is not typically done through the family calendather, the  calendars. Technology already plays a role in famil
family calendar is a tool that provides family mamwith  cajendaring in the form of email, digital work cadiars, and

an awareness of activities and changes that indnables  mgpijle devices [1], yet most technologies do netcagitely
coordination. Thus, digital family calendars shopfdvide  address the coordination problems faced by families
tools that enable families to use their own coaation because they are not designed specifically to asddre

routines which leverage the social affordances prent in
existing paper calendars.
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domestic coordination needs.

It is clear that family calendaring is part of asvand
intertwined coordination system. Yet the familyezadar in
the home is one of the core pieces of this sysiieandigital
coordination system is to be adopted by familibg, in-

H.5.3 Group and Organization Interfaces - ComputerNome family calendar must be designed to easilitiin

supported cooperative work existing domestic routines. Given this, we focuscsiically
on the family calendar in the home in an effortbitter
INTRODUCTION

" o ) understand how to design a digital home calendsrdbuld
Everyday family life involves a myriad of mundane ihen pe part of a larger family coordination system
activities. For example, recurring soccer gamesngi

lessons, doctor’s appointments, work schedulestivek’
visits, family outings, and much more. These evemist all
be scheduled and coordinated between family mengrets
then re-scheduled if things do not go as plannezbofiicts
arise. As a result, family life often requires amuex
routine for awareness and coordination to manage t
everyday activities that constitute personal ardilfalife
[1,11,20]. This notion of family coordination extén
beyond the home to also encompass activities whdbile
or at work [1,3]. For example, it involves schedgli
appointments while at the doctor’s office or chegkihe

We present the participatory design of LINC—an irkab
family calendar for the home—where our goal is titeuthe
flexibility of paper calendars with the ability tturn
calendaring information digital, allowing it to thdoe used
as part of an integrated family calendaring syst&de

p outline a series of design principles based orteelavork
and then show how we have used and extended them
through our participatory design process, whichuided
interviews with mothers, paper prototype sessi@ms] a
formative evaluation of a digital version of LINGVe
conclude by discussing the key implications we have
uncovered for the design of family coordinationteyss.

DESIGN PRINCIPLES FOR FAMILY CALENDARS
Our initial ideas surrounding family calendar desigvere
largely influenced by design implications that veairfid in
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the related literature. We present these here gislével this means presenting family members with an alaaeg
design principles and in subsequent sections stmwdur awareness of daily activities and coordination tobluilt
design supports and extends them. into the calendar.

1. A family calendar should be designed as a simple 4. A family calendar should support contextual locations.
awareness appliance. Naturally, all designs should be Crabtree et al. [3] and Elliot et al. [7] show thagople
simple, but this is especially true for the desafnhome already have well-established routines for the gataent of
technologies. Through ethnographic studies, Beeah {l] communication media throughout the home. Technology
found that people have little time to learn howus® new  should be designed to be placed in these locationsoved
systems when at home and Edwards and Grinter [t po between them. Work on situated displays for thécefby
out that current home appliances are largely ssfides O’Hara et al. [13] highlights the idea that placidigplays
because they are both simple and reliable. One wway in a particular location brings added value for rese
overcome complexity is to designformation appliances: Crabtree et al. [4] show that family calendars tymcally
devices designed to perform a specific task ortfand12]. in high-traffic areas of the home and argue thafitali
Neustaedter et al. [11] argue that families areroftot at  family calendars must maintain this physical presein the
the computer and thawareness appliancethat can be home, yet be accessible from anywhere at anyticiading
spread throughout the home are needed as toofarfoly outside of the home. Location-based designs should
coordination rather than applications designedafdesktop  naturally allow social acts to remain noticeablehiok
PC.In the case of digital calendars, we feel this nsethat Harper et al. [9] points out is a current strengtipaper-

a family calendar should be just that, a familyeralar. based systems that allow people to share, broadaadt
Moreover, its visual layout and user interactiorostd be notice changeln the case of digital calendars, we feel this
simple. means that a family calendar should be designeceémy

2. A family calendar must be flexible in order to support  Placement within a variety of locations in the horiiieely

a variety of domestic routines. Taylor and Swan [20] those of frequent communal activities.

examine mothers’ work in the home and introduce theSeveral commercial family calendars have been dpeel
notion of “organizing systems,” which capture, grizte, (e.g. 8,14), yet they are designed specificallytfierweb. In
arrange, and convey information through the usartifacts contrast, our goal was to understand how to defign
such as calendars, to-do lists, and paper notes; Jiggest  domestic locations. Plaisant et al.’'s [16] sharadily
that digital systems for the home must allow cornmgin  calendar focuses on sharing between multiple famili
heterogeneous devices, support flexible systems ofather than our focus on intra-family coordination.
organization, and integrate with established ozgtitn These principles provide guidelines for the designa
systems. Dourish’s theory of embodied interactid®oa  ¢ymily calendar. Our contribution is to show how heve
describes how a design’s usage should be decidefleby ¢ them into practice in our own design and, more
user and not the system [5]. Similarly, Neustae@terl.  mnortantly, how we have extended them with new
[11] discuss that family awareness tools should bet ygjications for the design of digital family caliars that
designed to replace existing routines; rather, tseuld  \yere not found in the related work. In the nextisec we

augment them and create new opportunities for ¢oation describe our method for building on these prinaiple
schemesln the case of digital calendars, we feel this nsean

providing tools through which people are able toptsy ~ PARTICIPATORY DESIGN METHOD .

their own routines rather than restricting them. dtso ~ We recruited twenty mothers with at least one cloer
points out that a digital family calendar should et of a  three years of age to participate in our desigregss. We
larger system of coordination tools. chose mothers as prior research has shown womethere
primary schedulers for households [1,10,20] and fdmaily
scheduling is more difficult with children [1], tbgh
paturally calendaring challenges will vary amongst
households depending on other factors as well. r@tbe,

we sought a diverse group that varied in age, famil
composition and employment. One caveat of our user
selection is that we did not include other familgmbers
that comprise the secondary users of family calenda
While we can learn from all family members, witliraited
number of users we felt that the primary scheduatarld
provide us with the best overall picture of the ifsim
coordination processes.

3. A family calendar should provide tools for
coordination. Neustaedter et al. [11] found that family
members use a daily awareness of their cohabitants
activities to coordinate schedules. This awareniess
gathered using face-to-face interaction or teclgiek like
the phone, email, or instant messaging, which lggtd the
role that communication systems play in family
coordination. From their fieldwork, Crabtree et[4]. found
that family coordination is about negotiating salied
rather than predicting event attendance and matihgrs
aware of who is going to be at an event. They ssigat
family calendars should supparegotiation protocolghat ) o )
provide families with the ability to negotiate sdnkes  AS it turned out, all but one of our participantidsthey
through the calendaFor a digital family calendar, we feel Were the primary scheduler within their family vehithe
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remaining participant shared the role with her lamsh
Eleven participants were aged 31-45 and the renminine
were aged 46-60. All but two participants were ently
married. Our participants were fairly diverse ie thumber
and age of their children. Six participants did ootrently
work outside of the home and the remaining fourtesd a
variety of jobs (e.g., realty, law, art, teachingprking a
range of hours from less than 20 to over 40 pekwee

Our participatory design process began with theativee
design of several low fidelity prototypes [18]. @it
reaching what we felt was a reasonable design, agetén
participants partake in individual paper prototgpuesign

April 22-27, 2006 « Montréal, Québec, Canada

CURRENT CALENDAR USAGE

All twenty of our participants took part in an inteew

about their family’s current coordination routinas the
beginning of each study. To ground our interviews

asked participants to bring in their primary familglendar
or printouts of a current time period if it was ithd) along

with any additional items they may be using for igm
coordination (three forgot, in this case we stibadissed
their calendar). We begin by outlining one pargeip
family’s coordination routines and then use thisighlight

the major findings from our interviews.

Kayla’'s Family Calendar

sessions. During these sessions, we interviewedh eacKayla and Larry are married with a nine-year ola,skan

participant about her family’s current calendargesand
then had her perform a series of coordination aveteness
tasks with the paper prototype calendar. Tasksudead
locating a particular family member, adding evetatsthe
calendar, moving events, and looking for conflict$ie
calendar was preloaded with a sample family’s es/emid
the participant was described a family scenariorestshe
played the role of the mother. One of the reseascheted

(names have been changed). Kayla works around @5 lao
week as a teacher and also volunteers with theobclnama
program. Larry works over 40 hours per week aarite
director. At the heart of the family’s coordinatiooutine is
the school district calendar (Figure 1, left), whids

normally kept on the wall next to the kitchen phone
Sometimes the calendar leaves this location, bl @n
Kayla is doing detailed planning. Kayla used toéhawdaily

as the computer by updating screens as needed. Eagiianner in her purse, but found it was difficultrt@nually
session was videotaped and notes were taken by thsynchronize events between it and the wall calendar

researchers to record suggested interface changestlaer
observations. The session concluded with a disoosst
the prototype and any recommended changes.

Kayla is the primary family scheduler and has argir
feeling of ownership over the calendar: she rolirelds
events and monitors upcoming activities. Larry stmmes

Next, using the feedback we gained from the designwrites down events, but only if they affect the figm

sessions and interviews, we iterated on our lovelifig
prototypes and created a digital medium fidelitysige.
This digital version was prototyped as a locatiasdd
information appliance using a Motion Computing Tdt#C

routine. For Kayla, the calendar is a tool for stgyaware
of a variety of upcoming activities and tasks. Egample,
lan’s soccer games can be seen on fhené &', and a note
about Ken's family visiting spans the 20 25". Because

(12" display) in landscape mode. We then had thethe calendar was supplied by the school distiict|so lists

remaining ten participants partake in a formatival@ation
of our digital prototype where the goal was to infothe

holidays and school activities. Most days contagtween
one and four events or tasks that Kayla needsteméer.

redesign of the prototype. This study used the sameayis tries to use a pencil to write on the calenstashe

methodology as the first study except that theigipent
interacted with the digital version of our calendar

1
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can easily make changes, but often she will jusphki use
whatever writing instrument is closest at hand etreugh
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Figure 1. Portions of two participants’ calendars.
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the calendar can get messy with scribbles and sherum
out of space. If a colored pen is available, shié twi to
write important events using it so they will stamat more.
For example, lan’s first ‘job’ is feeding the nelghr’'s cat
while he is on vacation. Kayla has marked ‘CATréd ink
on the 28 (and other days) to make sure lan fulfills his
responsibility. Kayla also adds other tasks to ¢eendar
not associated with a particular date like the ‘PRI that
appears on the left side of the calendar. Somethagta
adds these types of annotations using sticky notes.

Kayla usually checks the calendar twice a day, ha t
morning to remember what she has to do that daj/ ttzem
at night to see what is happening tomorrow. Sonegim
Larry and lan will look at the calendar, yet mofen Kayla
will be the one that tells them if there is anythirpcoming
that they should know about. Kayla also uses ataligi
calendar at work, but it only contains family attes if
they affect her work schedule (e.g., she has teeldeom
work to go to an appointment). When Kayla is atkvand
needs to add something to the family calendar siie w
usually write it down on a piece of paper and ttransfer
the information once she is at home. If confliaiseain the
family’s plans, Kayla will phone Larry at work oalk to
him once they are both at home to arrange altemdés,
work schedules, or change event dates.

Key Findings

Kayla's coordination routine is remarkably simitarmany
of the mothers we interviewed, though the fine itketa
differ. Here we highlight the key interview findisg

Calendar Type. The types of calendars people use naturally
vary based on one’s own preferences. Fourteen of ou

twenty participants used a paper calendar as freary
calendar where ten of these were a typical monlgndar
like Kayla’'s and four were personal paper daytimditse
remaining six participants used a digital calendane-osed
MSN’s online calendar and five used Microsoft Oako
Only one person had a device (a Blackberry) foessitg
the calendar while she was mobile. Several famiils®
have more than one calendar that they use, for gheam
using the school district calendar as a secondalgndar to
stay aware of school activities. Having multipldecaars
typically introduced greater complexity into coordiion
routines as calendars would need to be synchromsizedat
double booking was not an issue.

Contextual Locations. We found that, like Kayla’s family,
most families keep their primary calendar in a higtffic
location like the kitchen or near other coordinatitems
like the phone or computer (email). Calendars sibiconly
leave these locations when large amounts of plgnane
being done. Digital calendars were either on a aderpat
work or a family computer (sometimes located iroenmon
room like the living room or home office). Thesadings
validate [3] and [7]. Despite most calendars béaogted in
the home, people are not often at their calendhat Ts,
even if it is located ‘close by, checking it onhappens
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once or twice a day, or when a specific need arBesple
generally remember what activities they need tdoper
during the day or make a list that they can taki wiem.
Yet mobile access to the calendar is still stromggired for
planning upcoming activities like a follow-up apptment
with the doctor.

Coordination Routines. While the calendar is a resource for
the entire family (containing events generally fal
members), the calendar frequently becomes a prolgject
in terms of editing: adding events is typically estricted
activity for only the primary scheduler. In general
participants were surprisingly possessive with thmily
calendar. When asked if others add events to tlendar
one participant respondet®h, no no no, | only put things
on.” Another said,It's my brain, that's why | don’t want
people to mess with itOne participant said that it was fine
for family members to write new events on stickyesoand
leave the notes on the calendar for her to laterstribe,
but actually writing on the calendar was forbiddanother
participant used a personal daytimer in her pusseha
main family calendar and then manually replicatednts
on to a month calendar that family members coubd kat.

When viewing information, the family calendar tysliy
becomes a public object from which other family rbens
can gather some sense of activity awareness. Howthee
responsibility for reminding people of activities hearly
always left to the primary scheduler. In contrdst,the
workplace individuals typically manage their owrlecalar
with some level of visibility on to the calendarsaihers.
[15]. The use of existing digital calendars by our
participants appeared to make the calendar leaspaiblic
object: it became more difficult for family membets
check the calendar because it either required eagdegin
or was not always publicly visible on the screen.

Flexibility. Family calendars contain a wide range of events
from birthdays and anniversaries to doctor’s apipoamts,
days off from school, and recurring sports game=e (s
Figure 1 for many examples). Some people chooseanot
include the routine activities that occur frequgntt.g.,
church on Sunday, the soccer practice that isdheedime
and place each week. On the other hand, some adé th
events to the calendar for fear they may scheduteething
that conflicts with a routine event. For each eyent
participants typically write its start and end tsneand
location. Some participants add the name or isitidlwho
the event was for, and sometimes times/locatiores
dropped for events because family members simpigvik
these details. Events sometimes come in througlil &g,
a child’s list of baseball games), requiring peopte
manually copy them to the calendar.

ar

Several participants developed interesting schdanassing
color to highlight particular calendar aspectsoggelto half
of our participants used colored pens or markeisdizate
an event was for a particular person or was aioefpe of
event; the participant whose calendar appearseimigint of
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Figure 2. Month View

Figure 4. Event Options

Figure 1 used a yellow highlighter to indicate impat would be always-on. We created three simple calenda
events like those on the lGand 17. Other participants views—Month (Figure 2), Day (Figure 3), and Weekt(no
didn't use any particular color scheme, insteadngisi shown but similar to Day view)—which purposely look
whatever pen was closest. Tentative events also sawimilar to many existing paper calendar designss Type
creativity from participants. While some would \erita of calendar layout is a natural choice as it igadly at the
tentative event on the calendar just the same poter core of everyday family coordination—every singlee arf
event, some people would annotate the event (eiging a our participants had a calendar with a view sinitak INC.

“?" next to it) or use a pencil to write it in.\as clear that  \ye wanted to make the creation of events in LINC as
participants had a wide variety of creative schemessimme as on paper (e.g., writing directly on tiaéendar),
surrounding color, writing instruments, and evecksts. however, we needed a means to compartmentalizestes
Calendar events often contained extra information i handwriting into separate events because we expeoe
addition to the standard event description. Forngte, digital versions of LINC to share events betweeritipie
driving directions to a sports field may be recakd&his clients (which may or may not appear the same lhgua
‘extra information’ was either kept on separateeshieof For this reason, users can add events to any ofCsIN
paper, sticky notes, or written on the actual evdihis views by either starting to write on the calendahich
information was routinely placed so it was readyatd creates a ‘sticky note’ underneath the handwrigesnt, or
near the calendar either by being on it or next to by writing on an existing sticky note under the dab

PAPER PROTOTYPE DESIGN SESSIONS Events' (Figures 2 and 3, bottom right) and theagdjing

We now build on our understanding of calendar udage the note to the app'ropriat.e date/'gime. Double tigkan
describing our original paper prototype and findirfgpm event opens an Optlon§ d!alog (Flgure 4) vyheresusan
the design sessions. At this point, our design bhased set an event as recurring. .C“Ckmg a day in thieraar
entirely on our design principles as our first teterviews (bottom left) toggles it onfoff in the recurrence.

occurred in parallel with these design sessions. We decided to experiment with a simple time metagbo
Day and Week views. Instead of containing rigidetinas is
often found in work calendars, these views incltiitae

buckets’ for: Any Time, Morning, Afternoon, and Eweg

(Figure 3, left). For those who desire more rigidets, we
left the ability to add specific times in the Optsodialog.

Flexibility. We specifically added features into LINC to
allow flexibility of routines. These include the iy for
users to drag items into a ‘Need to Schedule’ baogure 1,

Paper Prototype

LINC was designed to be an inkable family calendhere
each event is written on a sticky note and placedhe
calendar. In this section, we describe how LINCpsuts
each of the design principles.

Simple Awareness Appliance. We designed LINC as an
inkable awareness appliance with the intention tHAiC
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right) that acts just like a bulletin board or ‘Dw’ list, or

add images to the ‘Photos’ box (Figure 1, rightjolhcan
then be dragged on to any date or event for peligatian.

We did not include any special integration withestdigital

organizational systems as our focus at this poag an the
user interface of family calendar; this is an gukaned for
future explorations.

Tools for Coordination. In addition to gathering an
awareness of activities simply by looking at théendar,

April 22-27, 2006 « Montréal, Québec, Canada

event's time right on its sticky note and thus didreed to
set a specific time through the interface, whichgasted
our notion of simple ‘time buckets’ was reasonable.

Flexibility. We found that our prototype lacked flexibility
when it came to event information. Participants nm@nted
that the size of the notes were too small and cowltd
contain a lot of the extra information that papamts
wanted to add directly to an event's note (e.gcation,
driving directions, phone numbers). Participantggested

we provided support for family members to coordénat that the interface should allow larger notes toadded to

schedules through the calendar’'s Option dialogufeigt).
In the top left corner, users can mark an everteagtive,’
which creates a jagged border around the evenspseific
start and end times, or add driving time to an evienthe
top right corner, users can add people or resouees,
car) to an event under the ‘Needed’ label. Checkifiga
given resource like a family member will assignt therson
to an event. The note on the calendar will thenehav
colored dot for each assigned resource. A legenddlors
appears on the right of each view (Figures 2 anBt). In
the bottom right corner, users can create multipieinders
by checking off a reminder box and leaving a haiittisvr
note, which will appear on top of the calendar la t
appropriate time interval, either 15 minutes befome day
before, or one week before the event.

Contextual Locations. We designed LINC specifically to
be located in the kitchen, which is generally ahhiigaffic
area of the home [3]. During the design sessionshesved
participants a slate Tablet PC and asked themdgiime the
prototype was running on the tablet. We chose ® as
stylus as the only interaction tool as keyboardd amce
tend not to permit location flexibility, e.g., wiht a desk or
table present they are fairly awkward to use. Thwice of a

events so that extra details could easily extersd tasic
event information. Naturally, participants preferte write
this information on the actual event itself althbutdetails
like an event's location was sometimes simply refered
rather than having it written down. This highlighlke fact
that a great deal of tacit knowledge already exastsund
the family calendar and explicitly adding it to thgstem
would introduce redundancy. We also saw that many
participants expected events to automatically appea
chronological order within the time buckets. Thisnewhat
contradicted our underlying principle to keep thesidn
open to the user applying meaning, e.g., movingisvio
form their own spatial organization where some make
events chronological and others may not.

Tools for Coordination. Our most compelling findings were
in terms of coordination tools. In the workplace,
coordination is very much donérough the calendar:
people can send meeting requests and then accdptlare
incoming requests [15]. However, in the home, wentb
that assigning people or resources to events wds no
something that participants found particularly ugef
Instead, we found that people generally use thendalr as
a tool for gathering an awareness of activities #meh,

Tablet PC as the display device constrains thegdesi using this knowledge, they coordinate activitiemgdace-

possibilities, yet a larger display would limit thebility of
the calendar and smaller displays would restrietaleady
small space typically allocated to calendar days.

Participatory Design Sessions

We now detail the key findings from our design &ass
While usability issues with the design are inténgstwe
instead focus on the findings which suggest
implications for family calendar design. Despiteving
supplies available for modifying our paper protaypn the
fly,” feedback typically came as verbal explanasion

Simple Awareness Appliance. We saw a reasonable

acceptance of our first design principle: creagngimple’
awareness appliance for family calendaring. Paditis
enjoyed being able to create events in a veryfirea way,
e.g., just by writing on a sticky note or on thdeadar. In

fact, some commented that the creation of events wa

almost as simple as their current calendars. Wehioped
this would arise as clearly it was our intentiorowgver,
there did seem to be a learning curve for partidpdo
realize that this type of very direct event creatizas even
possible. We found that most participants simplpteran
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larger

to-face or phone conversatiorihe calendar is merely an
awareness tool in the proceda fact, one participant even
commented that she would not trust a calendarlébatou
assign people to events, noting that it still wounlot be
clear if someone wouldctuallydo what they were assigned
to and the extra overhead of entering this infoiomainto
the calendar didn’'t make it worth the effort.

Our interviews had showed people sometimes use @mlo
highlighting specific activities to aid coordinatioWhile
our paper prototype used a single color, we distliske
use of colored sticky notes or colored pens wittligipants
as tools for coordination and awareness. We redeniged
reactions from those who thought it would be hdlpu
those who said that they already know who is scleeldior
a particular event and would not need a coloreck rtot
more easily see at a glance. Again, this highlighéstacit
knowledge that family members naturally maintain
surrounding family activities. People also discdssbe
ability to hide certain people’s events.

We learned that reminders are somewhat differemnwih
comes to family scheduling than work schedulingwairk
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minutes before an appointment,” yet we found mos

participants say this late of a reminder was alehu
useless in the home. In fact, reminders for actuakving
for an event were really not needed. Most partitipa
would check their calendar at the beginning of diag or
the night before and would already have a good mfea
where they needed to be or what they needed toaget the
next day either through memory or a handwrittetn Wéhen
used, reminders were instead seen as ways to delaote as
a reminder to bring something specific to an event.

Contextual Locations. Our main finding regarding
contextual locations was also about reminders. Witen
came to the placement of reminders, it was quiidest
that pop-up reminders on top of the calendar wauttply
not do the trick as most participants were notrotie their
calendar. Instead, participants desired remindersbe
delivered to cell phones, placed in locations whszeple
actually were, or were audible when the person iwabke

home. This confirms our fourth design principle and

suggests what information should be made availabd¢her
household locations.

DIGITAL CALENDAR AND FORMATIVE EVALUATION

Our next design stage involved using the knowledgéad
gathered from our design sessions and interviewsh{s
point ten of the twenty participants had been inéswved) to
implement a digital version of our calendar whichuld be
evaluated by another group of ten mothers. We desour
digital prototype and the findings from its evailaa.

Digital Medium-Fidelity Prototype
Simple Awareness Appliance. The general layout of our
digital prototype design remained fairly consistbatween

the low and medium-fidelity prototypes as we saw no

indication that a change was needed. Figures 57asttbw
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the Month and Day views respectively for the digita
version of LINC. We did not create a Week view &S i
seemed that it provided little additional benefitybnd the
Month or Day views. Like the paper prototype, useas
add events to any of the views by writing on akstinote
and then dragging the note to the appropriate dsitey a
control point in the leftmost corner of the Noteoltar
(Figure 4, top left). This toolbar is only shown annote
when the mouse is hovering over it. We did not peusers
to write on the calendar to create events as werdithe
paper prototype because this would interfere witheio
functionality, e.g., writing on a day is interpreétas a click
that opens Day view. We also stayed with the notibn
‘time buckets’ and relied on the user to spatiglbsition

events in a day. Users could open the Options glialo

(Figure 6) for a note by clicking an icon in thetBld oolbar
(Figure 3, Note Toolbar, second icon from left).

During implementation, we realized that recurringergs
required a fairly complicated cognitive model talerstand
if event changes would affect the entire seriejust a
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single event. To simplify this aspect, we alloweskns to
create ‘copies’ of events instead by tapping onsdaythe
calendar at the bottom of the Options dialog (Fégéy or
choosing a pattern similar to Outlook’s method.d0tirse,
the downside of this model is that copies of ameaee not
linked together and changes must be made to easfit ev
individually. Despite this, we were interested @eisig how
this input style would work for family calendaring.

Flexibility. We increased flexibility in our digital prototype
by providing more writing space for notes: resizagote
could be done by dragging the icon in the bottoghtri
corner of each note (Figure 5, Resize). In orddéntoease
space on calendar days, we implemented a zoométgrée
Notes appear in full size on the left of the cakndnd
when dragged on to the calendar they shrink in giza
thumbnail view. Dragging off the calendar causetesido
grow to their full size. The calendar can provida-alance
awareness of 3 or 4 events per day (Figure 5, Malti
Events Per Day) if they are sized accordingly; yeire
events on a day will cause overlap. This is a davkaur
design; however, bringing a note forward in a stafckotes
can be easily done by clicking on a buried notextNee
discuss how we added flexibility in terms of cooation.

Tools for Coordination. Instead of explicitly providing
resource management in the Options dialog and lasecb
dots on notes, we chose to provide users with thalsthey
could use in their own creative way for coordinatid@o

this end users can change the color of each nothen
respective Note Toolbar (Figure 5, Note Toolbaghtinost

icons) and pen color and thickness were availabtaé Ink

Toolbar (Figure 5, top left corner). While we digef that
some people might use explicit resource functitypalive

wanted to see if participants would ask for sudbadure to
be added. We preloaded the calendar with the saem@se
as the paper prototype and colored notes accotdimgho

the event was primarily for (e.g., each family memhad

their own note color). We described our note caldreme
to participants and also explained that the notegaining

typed events (Figure 5, Typed Events) were basegbaties
that had been downloaded from the web (this funelity

didn't exist, but is a future consideration). Weclided

multiple reminders, but removed the tentative flagd

driving times due to limited use in the previousidst

Reminder times included “the morning of the daytie'day
before,” “a week before,” and “two weeks before.”

Contextual Locations. As previously mentioned, LINC was
prototyped using a Tablet PC with 12” display. Thilows
LINC to be easily placed in a variety of home limas.
One caveat, of course, is that Tablet PCs are miyre
prohibitively expensive to dedicate to calendaripgt we
anticipate that our design could potentially lead the
manufacturing of a dedicated cheap informationiappe.

None of our participants had any experience usiiglaet
PC and were purposely given a minimal descriptibra o
Tablet to see how our design would work for a catel
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beginner. To simulate the calendar hanging on &, wel
placed the Tablet PC on a shelf approximately Shes
(132 cm) from the floor and had users do half @f thsks
standing (~10-15 minutes). Participants were gitka
option of sitting down, but none did. The otherfladl the
tasks were done on a table in the room. As ourysaid
LINC was still in a lab environment, we did not ilament
any location-based or mobile reminders, yet thisukh
certainly be explored in future efforts.

Formative Evaluation Findings
We now describe findings from our formative evailmt
focusing on the significant aspects and shortfalls.

Simple Awareness Appliance. Participants found the digital
version of LINC to be generally appealing and owdel
for handling recurring events as ‘multiple copiegis well
received. Our findings relating to the first desiginciple
were mostly usability issues typically stemmingnfra lack
of user familiarity with pen interfaces. For exampl
participants experienced problems with stylus mofies
dragging notes, inking, and erasing. Users easitietstood
‘erase’ mode, but had problems differentiating lestavdrag
and ink modes, even with a larger drag region fies and
visual feedback. See Yang et al. [21] for furthicdssion
of mode issues with pen interfaces.

Flexibility & Tools for Coordination. In the digital

prototype we had not included a specific mechaniem
assign resources to an event; rather, we focused
providing flexibility by allowing colored notes andk as

tools for coordination. This turned out to be quitecessful
as our presentation of colored notes was the mmstilar

feature within the system. Participants loved tHleai of

being able to assign colors to individuals or typss
activities. In relation, one person asked for eithéentative
flag or a pre-specified color for tentative ever@ly one

participant desired to actually assign people ten&v and
have detailed conflict resolution. This participduad five

children and was a heavy Outlook user. For the i@ng

participants, either using one’s memory or a usdindd

color scheme worked fine.

We found participants were easily able to discem a
awareness of the whereabouts and availability efirth
family members with the digital calendar by lookiagthe
events placed on it, yet participants desired asremess of
calendar changes. Given that most calendars argaired
by one person, our expectation was that a familgnckar
interface wouldn't need visual cues to show changes
Instead, we found the opposite to be true: the comfear
was that someone would change something on thedzle
and the primary scheduler would not know abouwith
paper calendars, people have fairly strict sodiatqzols in
place to guard against this (e.g., the family ktiesy would
get in trouble if they added something to the odden
without telling Mom first). Participants desirednse level

of access control for the digital calendar, sucta asmple
list of calendar changes.

on
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Our design of reminders was also well received. more about awareness. Thattise family calendar is a tool
Participants found it easy and flexible to createm. Again  that provides family members with an awareness of
participants desired reminders to also go to offlaces  activities that in turn enables coordinationFamilies
such as a mobile device or an email account. already have well established social protocols raudines

Contextual LocationsMany participants liked the fact that &round coordination; therefore, flexibility in  thiamily
LINC was not intentionally designed for a home aithey calendar relates strongly to coordinatitins important that
liked that LINC could be placed in the kitchen amuild be ~ family calendar systems provide tools which farsiléan
easily written on despite not being familiar witsing a  US€ to employ their own coordination routindsis also

stylus. Most also really liked the thought of hayibINC necessary to realize that a large amount of coatidin
accessible from the web (for when a family memiseati information is part of tacit knowledge that designeeed

work). Most participants found it equally easy tsetthe not negessgrily replicate .in. a calendar design. &\Vive
calendar from both the standing and sitting pastio could imagine that explicit resource management and
although a couple of participants desired a lovesgtit for automated conflict detection in family calendarsuldobe
it on the wall. The size of the display was alsoljavell ~ Valuable for some families, our research suggesis if
received; only one participant commented that sbelav such features did exist most users would stick wdting the

like a smaller display and nobody suggested a large. calendar in a manner that fit with their currentitioe and
these features would be utilized only by power siskfore

DISCUSSION _ important design features may instead be ‘edittemtion
Through the design of LINC, we have brought forward for children or indications of calendar changes.

several implications for the design of family calan

systems that extend our initial design principles. We also saw thatamily calendars offer rich stories about

the coordination of family activities, but they amet just
Simple Awareness Appliance. Our design of LINC was  apout the presenPeople cross out events, draw arrows to
centered on the idea that it should be a simpleevess move them, and provide other rich annotations. This
appliance For the most part, the simple approach we tookinformation helps families see what has changed raost
was successful and it supported typical family ireg. The importantly why it has changed. LINC, along witheey
visual appearance of our design was purposely made  other digital calendar that we have seen, doegrmtide
much like existing paper and digital calendarsrireHiort to this rich information. Instead, in an effort to neak
harness people’s existing experiences. Throughdesign  calendaring ‘neat’ and ‘organized,” we have removitll
process, we saw no reason for which we should haveyistory. Again, this is a cautionary tale about mgv
deviated from this standard layout, though it imals a  towards a digital system and we strongly beliew diyital
possibility that a paradigm shift may be appropriadur  family calendars must provide an awareness of cilen
most important finding about the design is in thetalls;  changesin order to show what has changed and who has
that is, even though the layout is similar to emgystems, changed it so that people can then begin to urafetsvhy
the fine details of how calendaring functionalitg i something has changed. It is likely that an awa®ne
supported must be very specific to the needs dfiéamVe  changes can also be used as a basis for socialcptdb
saw interesting transfer effects between papendals and  regulate accountability (e.g., who moved an evant) the
our digital system. People sometimes expected festu gsynchronization of multiple calendars in varyingdtions.
norma”y found in a dlgltal medium that we did metlude Work on aSynchronous Workp|ace groupware Simi|ar|y

in an effort to replicate paper-based systems.eixample,  stresses the importance of change awareness [19].
some participants expected events to automaticgdpear

chronologically in days or ink to convert to texdther
features found in paper calendars like being ablevrite
anywhere were not supported in our design, yet lpeop
expected them to be because our system was vegr-pap
like. This presents a cautionary tale of desigrandigital
system to replicate and extend an already famgeger-
based one and suggests tlaamily calendar designs should
really aim for the best of both the paper and @iitorlds

Flexible Tools for Coordination. Through our design
process we have found our third and fourth design
principles emphasizing flexibility and providingals for
coordination are tightly coupledcrom their ethnography,
Crabtree et al. [4] argue that families need meishanbuilt
into the calendar through which coordination can be
achieved. More specifically, we have found thatséhe
mechanisms are in fact less about resource manageme

While our findings show that there is usually ordpe
person who schedules events, digital calendars niake
easier for multiple people to add and update thendar.
We advocate that although people’s routines mayeatly
involve one primary scheduler, it would be a misté lock
the family calendar so only one person can access i
Instead, providing appropriate change awarenessbean
seen as an important mechanism to enable famiiesiapt
their routines to utilize the power of technology.

Contextual Locations. Our fourth design principle outlined
the importance of contextual locations for desigimile our
main focus was on the kitchen calendar, we fourat th
people are not often at their calendar#/hile a simple
finding, this has serious implications for locatibased
designs and extends Crabtree et al’s [4] concdpt o
information anywhere. In addition to having calendecess
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while mobile,calendar information must be accessible from
multiple locations within the homeExtending LINC to

provide remote access as well as the placement of

information in a variety of home locations is paftour
current development plans.

CONCLUSION

Through the participatory design process of LINGligital
family calendar for the home, we bring forward two
significant contributions to the research and desaf
family calendars. First, we present a proof-of-apic
family calendar prototype that shows how we have
incorporated related work and a portion of our ifigd into
an actual working digital prototype that can nowrbfned
and evaluated in real-world usage. Until now, stadof
domestic culture have not led to the actual desifjra
digital calendar for intra-family coordination. Niaally,
paper calendars are widespread in homes and ant iist
not to do away with them. In fact, one caveat ef ¢arrent
version of LINC is that it does not yet offer feas like
information anywhere that would warrant moving todeaa
digital family calendar. However, these features r@atural
extensions of LINC and what we have done is a fitep
toward a digital family calendar with a user expade that
is simple enough not to inhibit adoption.

Second, and perhaps more importantly, we have atalil
and extended the findings from ethnographic studies
domestic culture with a set of implications for thesign of
family calendar systems. Specifically, we have fied
that coordination is not done through the calendad
people need awareness and flexibility in order uppsrt
their own routines. We have also shown that goiiggtad
takes away many of the rich social affordances plzguer
calendars bring including an awareness of changeigh
needs to be addressed in any digital family calentaese
are highly significant for they are findings thatsp
ethnographic studies did not uncover and it wasy onl
through our design exploration that they becameaiag.
Our future work includes extending LINC to incorpta
more of our study findings and we have plans fdrekd
deployment of LINC in a number of households.
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