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ABSTRACT sentimental reasons, many pediatricians and public health

Parents of young children oftemantto keep a variety of  organizations such as the Centers for Disease Control,
records on theichildrerd s ear |l y year s, é&noouragé hparent uttragguasye s e ®d r d their
preservation of memories or at the request of theirdevelopmental progress to help asseb® risk of
pediatrician However, time constraints, motivation, and developnental delay. As a result, pdiatricians often
forgetfulness may hinder their ability to keep consistentprovide parents with development assessment surveys to
records We developed a system, Baby Stepsich is complete over the course of several moribsveen visits
designed to improve the recekdeping processin this during their first five years of lifeDetecting and treating
paper, we present theesults of a 3nonth deployment these delays and disorders earlpfi®n the key to ensuring
study of this technologywith 8 families and their a healthy outcome of the child2].

pediatricians The studyshowed thatvhen compared to a
control condition, experimeak design features of Baby
Steps encouraged parents rtmre frequentlycollect and
review records,provided higher confidence irreporting
and improvedparentpediatriciancommunication.

Previously, weconducted an huepth qualitative study
identifying the requirements for recek@eping for parents
[16], where ve fourd that aspite the need and desire to
record information on young children, there are still many
challenges that parents face in collectiemgough quality

Author Keywords information Raising a chilccan requirenuch effort on top
Children, health, families, decision support, depetental of an already hectic lifestyle, and lack time may bea
delay, reatworld deploymentfield trial reason why parents do not record as much information as
ACM Classification Keywords they would like Traditional methods of recording
H5.m. Information interfaces and presentatierg( HCI): ~ information are often noproactive and parents forget to
Miscellaneous. regularlywrite data in a baby book diary. There mayalso

be psychologial or cultural factors that prevent a parent
INTRODUCTION from regularly recording developmental information for

Becoming a new parent is often a life changing, gaite  ,qir pediatricians, such as a fear ttratir child is below

experience Many new peents hae dreams for their oy eraqe0r a desire to not woyrabout the minutiae of
newbornsand want to raise the child to the best of their everyday life As a result, parentmay wait until the last

ability. Parents often want to record information on their .. e "t complete records and amecdotes from

child as they develop, such as their physical characteristics,q jiatricianglescribesomeparentswaiting until they are in
favorite foods and toys, and pictures and videos tha he parking lot before they arrive for their scheduled

provi de snapshot s.Reasosforittesmay ¢ Qb ginfhn@reThid hal Fot be an accurate reflection of the
include wantinga repord for- their own persqnal reflectlon, c hi | defopment @ver the course séveramonths.

to share with family andriends or so their child can

someday in the future see how they were as a young child. To encourag parents and families to keepore accurate
recordsin a way that can reduce some of these roadblocks
or anxieties we have designechd developed a computing
systemcalled Baby StepsBaby Steps hefpparents track
both sentimental and developmental records asés
Permission to make digital or tacopies of all or part of this work { ~ €Xisting motivations to take pictures and share information
personal or classroom use is granted without fee provided that cof with family and friendslt alsoaimsto encourage parents to
bear this notce and he il ctation o the it page. To aapsruise <P rack of developmental records and provide supporting
or republish, to post on servers or to redistribl?tegtd lists, ré?quires evidene using pictures and VldeOBaby St_epsuses _the
specific permission and/or a fee. metaphos of a baby book and baby calenddth proactive

CHI 2009,April 41 9, 2009, Boston, Massachusetts, USA. reminders to help parents remember to regularly enter and
Copyright 2009 ACM 978-60558246-7/09/04...$5.00.

In addition to wantingto keep records for personal or



review data Finally, it incorporates sharing features to Preserving family memories through annotating and
encourage parents to communicaith friends, family, and  organizing home moviesith the Family Video Archivg1]
pediatricians on their chiladh&ds rrerrcouglls. storing memor abi |
b o x §12,&23] has been another research foclhese
technologies primarily aim for enjoyment, but they

influence our work as solutions for storg healthbased

. . data in a way that i s enjoyab
those dediions effectively to pediatrician®Ve proposed closely relatedare several commerciakoftware systems

that four main design features would contribute to effectlvethat have been designedo help preserve childhood

reporting and reflection: a proactive reminder system, thememoriessuch as Tumblon.cong]and Baby Allum [24]

ability lo create sentimental keepsakes., online datq Sharingi’houghthey address similar goals of preserving childhood
capabilities, and an easyawto capture videos and pictures memories, they do ndtavethe specific goals of improving

with a customized integrated recording device These and motivating parent reportingn addition, thereare no

features were tested in an experimental version of Babystudiesevaluating their effectivenes@ther babyfocused

ﬁte%?hzgsggttr?af?ﬁgsﬂ ;/ee;tsd?gsvxghjgtigqhiséi;i?‘;lmﬁess' websites, such as BabyCenter.com, offer to send regular
yp P i updates about child milestones, but these reminders are

reporting experience along five dimensions, including the o . .
ability to capture more data, increased reflection upon data?ften general and nespecific to a particular childp].

increased confidence in parent reporting, improved Technology for Early Detection in Chil dren

timeliness in recording data, and improved communicationPrevious research ithe area of using technology for early
between parents antieir pediatriciansThe results of the  detection ofchildhooddisorders habeen limited toa focus
study show positive trends in each of these areas for th@n automating the process of identifyiregrly warning
families in the study who used the proposed features. signs The Human Speechome projecR0] uses an
extensive recording infrastructure throughout a house to
L ; . gather linguistic data to help researchers ascertain how
we _b_egln W'.th related work in using techngjoto supp(_)rt children acquire language. Fedt al. examined ways to
families, children, and recotkeeping Next, we describe o576 haby babble as early indicator of speech related
the design an.d implementation of Baby Steps and preseMisorders 10], and Westeynet al. augmented toys with
the study design we used to evaluate the sysmmthen_ sensors to automatically identify developmental milestones
present the results o_f the deployment study and.prowde % young children 25]. Our work seeks to support early
discussion fo how this work can be used by designers t0 yotaction using a more holistic approach, by usingyman

develop future applications in this domain. Finally, We iterent indicators for developmentather than focusing
conclude and provide future directions for this research. on a singledomainor constrained set afinical signs.

RE.LATED WO.RK . . Collection and Analysis of Health Data
This work builds upon previous research across three mairy y4jition in health cares to collect datefor maintairing a

researctareas supportingthe needs of families, technology healthy lifestyle makng a diagnos, or trackng a

for the_ early detect_ion ofchildhoqd disorders, and co nydi prdyg(iess&esgearchersghave become inqterested
supporting data collection and analysis for hepltfposes in designing computing technology to aid in the process of
Supporting Family Needs collecting and reviewing dat@ full review of this area is
Researchers have recentlycbmeinterested in developing beyond the scope of this paper, but there are several key
computing technology for failies. Foucault conducted a similarities to this work in domains outside of caring for
cultural probe with new parents to detéme their  young children.Previous work haddentified needs for
technological needd 1], whichbroadly examined all ways technologyfor collecting and sharing data for senioi§ [

of supporting new parent®©ur work is particularly focused and individualswith chronic conditions such as diabetes
on trackingdevelopmentaprogress Hutchinsonet al. used [18] and cancer]3]. Morris et al. identified a method for
technology probes to design technology alongside familiesubiquitously assessing health by embedding assessment
by deploying systems with regular interactigd$]. Our techniques into existing practices 19]. There are
work was inspired by this technique amsksa deployment  similarities between domainén collecting and analyzing

of technologyto evaluae and modify our initial design data We are inspired by these successes and have applied
concepts.Dalsgaardet al. examined using technology to similar techniques to a new domain with new challenges.
improve the relationship between older children and their.l.HE BABY STEPS SYSTE M

parents, but their focus was on improving relationships andBaby Steps is softwarelesigned toencourag more
not on reord-keeping P]. Other work has explored how frequent collectin and review o ¢ h devetbimental

families use and share tech_nologﬁ],[ hO.W awareness progress The systemdesign was basedn our formative
technologies can support family communicatidr]] and study and design guidelines proposedientz et al. [16]

how families coordinatebusy scheduleg20]. This work for desianing technoloavior recordkeening for veun
focuseson families with older childrenwhereas our work children %Ne ﬁadfive expl?git goals forBabE)/ S%eps young

is focusecbn younger children

We deployed Baby Steps with a set8otlifferentfamilies
for a 3 montHong smallscalestudyto determinéts ability
to help parentsecordthe r ¢ skilld addécemmunicate

The remainder of thipaper is structured as followsirst,
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Figure 1: Main screen for viewing a child's milestone progress. Numbered links across the top are used to access different age
ranges. Thepanelon the left contains milestone questnsand i cons representi sthepgatkereenmis| est oneod:
information, it is displayed on the panéto the right.
1 Encourage recording of more data States. Each age range cover8 thonths and consists of
1 Encourage more frequent review of data approximately 30 milestones across 6 categories
M Increase confidence in parent reporting (Communication, Fine Motor,Gross Motor, Problem
f Improve communication between parents and phrased as a question, and parents must choose a response
of

fiYes, 0O ASomet i Baby Staps also i No
prompted prents to enter the date the milestone was
These goals aimed to support the decisiaking process observed_,indicate wh_ich paren_t orc_:aregiverob_ser_ved it,
t hat parents go through wWplqag pictures gryvideps dfeig child agcompfishing hat | § 4 s
developmental progressn particular, these goalsftect goa_l, and write general no_teE]e data can then_be br_owsed
those of Brassard and Ri t te8N%Radpagegts capquickly gcan toses whiclh milgsfopes ¢
effective decisionmaking [], which include providing they need fo recordStatus indicators show ‘a green

health care professionals

more data, sharing with all involved parties, making timely ¢ h e c kmar k i f the parenleforchoos:e

decisions, and improving confidence iSo met i thea , De & n_X f e_ta{rlconlal_adsb _Y et .
shown if the parents have associated a picture of video with

Baby Step s Features the milestone Figure 1 shows the main interface for

Baby Steps is a staralone software application that acts as entering and reviewing milestone progreltiestone lists
a repository for storinginformation about a child or  canalsobe easily printed so parents can bring them to the

childrenusing the metaphor of a baby book. pedi at r i cilm additon to ferftering emilestone
Main Features information, parents also have the ability to write journal
Using the software application, parents have the abiltytoe nt ri es on their childds prog

enterthei chil dés devel opment a Brefigdormédatuserpedsan alsp baye pirturasgdeeso
t he ¢ hi Thd tikstoaeg or our prototype system associated with them

were based on the Ages and Stages Questionrdire [
developmental screening surviey childrenfrom birth to 5

years used in manypediatric offices across the United

We designed the general GUI theme Baby St@s using
pastel colors and nursetlfemed graphics and icons. The
design was intended to be gendeutraland appeal to both



parents ad children. This theme was modeled after many Implementation Details

baby book designs, which use many colors and decorativdVe developed dth the Baby Steps and the custom
pictures for aesthetic and sentimental reasams had the  recording device using Cénd aMS SQL database server
intention of appearingess like a medical record and more installed locally on the machine. Video playback for Baby
like a keepsake or scrapbook. Steps use the Microsoft Direct X libraries, andwve
implementeda custom DirectShow playback feature to
provide the buffering capabilities and playback of video on
the custom recording device. Baby Steps runs on a
Microsoft Windows XP machine and uses a Windows
service for the reminder systelVe prototyped theustom
recording device on a Sony VaigX ultra moble PC

Ill:llgn\(/jizggds];]aar:’}lrllyecvzegs\iltlsoegilll)géobr}r/l Lg)égig';g t;\reergt;o (UMPC) for ease of development, custom interface design,
9 ' ' P storage space, and sufficient processing for the video

Stepscanautomatcally generaté a PDF newsleter of their DUfefing. The UMPC also had a bt touchscreen.
P Y9 camera, microphone, wireless connetyivi and was

childos pr ogeshared via enwil ar printeda rrgorta le enougho be taken anywheréVe used a Nokia
for a scrapbookseeFigure?2). Third, parents need a way to N800 as the remote viewing componeior the baby
remember to enter information if they are busgby Steps onitor, which mirrored the screen of the UMPC over a
provides daily popup reminders and email reminders sen irelesé connection

every 3 days These renriders contain three random '

milestones that the child fa&ot yet completedseeFigure STUDY DESIGN

3). Finally, parents require a way to easily capture andTo determine if Baby Steps met dive explicit gods for
import videos and photosThus we also developed a improved recorekeeping, we conductech smallscale
specialized recording device thakes pictures and videos deployment studyor a 3month periodwith 8 families. In
and can easily be synchronized with Baby Steps.uses  this study, families used Baby Stefosrecord and review

Experimental Features

We hypothesized that four key features woslitourage
parents to entemilestoneinformationand associate photo
and videa to each milestonebased on our formative study
findings First parents camshare associated videagith

video buffering to allow parents to recomhexpected T € al data on their childoés d
events[14] and also functiors as avideo baby monitor to  devised a study that alloweus to test whether the four
encourage frequent use experimental features described above would encourage

parents to record more data and make better decisions about
their c hi.lTd @st theger features wesdeployed
two versions of Baby Steps: an experimental versiith

the four hypothesized features included and a control

Jacobs Development Newsleter ol version that included everything except those four features
b For thecontrol version,all families had access to a digital
Hetgnt and Weight Changes camera with video recording capabilities instead of the
b R custom recording @vice We implementeda between
VIR e subjects study design to test of the experimental versus
e —— control systems, where 4 families received the experimental
TS suacn e A valc, o 1Rl e Stones Fist IdodFlas. ackieved it aesd: version of Baby Steps and 4 families received the control
i —— version. We also conducted several withirbjecs tests for
Hhedi ki ey meem each family by administering surveys, interviews, and

observations of Well Child Visits at both the beginning and
end of the study to see whether there were any changes
before and after the deployment of eitkiersion.

Figure 2: PDF newsletter automatically generated based on

) . . . Participant Selection
milestone information provided by parents. P

We recruited a pediatriciané office in suburban Atlanta,
Georgiaconsisting of two doctors whalready used the
Ages and Stages Questionnaire with thdients and had

never met the researcherssmenBaby Steps prior to this
study To recruit the 8 famiés, we mailed 90 study

1. explains drawings to you

2, walk up 2 steps alone

4. heors el ' description letters and screener surveysttthe of f i ce
patients witha child nearing®, 12, or 15montts thatwould
e | be scheduling checkups for those ages sddwe screener
2 s survey asked basic information about the composition of

the family, demographic information, computing equipment

at home, and experience with computers. We received 28
screener surveysom whichwe selected! pairs of families

that matched on various family and demographic criteria

Figure 3: Daily popup reminder for upcoming milestones for a
child (left) and customized recording device (ght).



(seeTablel). Werandomly assigned one of each pair to the the Well Child Visitwas ahome visitto install Baby Steps
control group and one to the experimental grotipese  on thef a mi dompliter and conduct an initial interview.
matching pairs ensured that we would have aThe parents then use®8aby Steps uninterrupted for
counterbalanced experimental desidgfamilies were not  approximately 12 months.Halfway through the study, we
told whether they were in a control group @n visited the families again to download software logs and
experimental group and neither families nor the conduct a migstudy interview. After approximately 3
pediatricians knew that there were two different versions ofmo nt h s, we 0 b snextWeb @hildtVisieandc h i | d ¢
the systems deployed for the studyl families consisted  distributed the same surveys as during the ¥isst. Stortly

of parents of a similademographics andociceconomic  after the second Well Child Visit, wamade afinal home
statusto control for as man external factors as possible visit during which we downloaded log files and conducted a
Thus, all parentswere married, middle or uppemniddle final interviewo n  f a mpérienees @sing Baby Steps
class,were in their 30s to 40and were college educated andsuggestions foimprovements and new features.
currently attending collegeAll parents were American RESULTS AND DISCUSSION

except for G2 (both parents born in South Koreapas2 This section presents findings from data collected during

(father born in South America). the deployment study of Baby Stepdle presentresults
Table 1: Participant families and demographics selected for showing theeffects on the amount of data collectezhd
the two groups. reviewed confidence inreporting timeliness ofreporting
and improvements to communiiat between parents and
f @ el B pediatricians We also discussthe overall reaction the
A % g _2 é g’ % g’ system and suggestions parents had for improvement.
- o S S S & A Increasing Data Capture
= ** g = Baby Steps aimed to helparents and pediatricians
E1 | Experiment| P1 | 12months | M | 1 | No defte.rmme progress based deta and evidence, theer than
opinion or instinct alone Thus, we wanted to assess
C-1 | Control P1]12months |M |1 | No whether thefour experimentalfeatures encouraged the
E-2 | Experiment| P-2 | 9months | M | 0 | Yes capture of more dataVe analyzed the logs and database
C-2 | Control P2 | 9months | F |0 Yes files for eachfamily to determine how manynilestones
E-3 | Experiment| P-1 | 9months | M |1 No were recordedand how many Ilpotos and videos were
c3 | Control P1 | 9omonths | M |1 No associatedis evidencefor those mllgstoneSeeTable 2).
E4 | Experiment| P2 | 15months | M | 1 Vos On average, wfound that_ the experimental groogcorded
a higher number of milestoneshen compared to the
C-4 | Control P2 | 15months |M |1 | Yes control condition(90.5 vs. 48.5p=0.16; Cohenods d e

Data Collected size =1.19 and a higher number of pictures and videos

We collecteda significant amount odata to evaluate Baby (10.-5vs.2.75  p =0 . 2 9d effeCtsiteel 0@).

Stepe successn achieving itsfive goals stated above. To parents who did not enter much data reported several
determine whether parents recorded more data, we loggefbasons One of thecontrol groupparticipants mentioned
all information entered by ¢ parents. We recordetiie  hat she needemore motivation to take the time to use the
number of timeghe system was used and which features spftware, and that one possible way of motivating her
were used frequently to determine how often pats wou| d be the ability to share
reviewed data. To measumdnfidence levels of parent B ] o
reporting, we had parents rate their confidence on a scale dyiother, C-1: fi need to be motivated think if there was some
1 to 5 (5 being highest) for a list of age appropriate way of sharing the information online posting it to a website,

. . then| would be more motivated to put data inRight now | just
developmental milestones before and after using Baby . . .

. . ’enter it, and it doesn't go anywh

Steps. We measured the effectiveness of communication . _
between the parents and pediatrician using a standardizeldh the experimental group,ne of the parents mentioned
survey instrument 2] completed by both parents and t hat whil e she recorded all t
pediatricians. Finally, we measured the timeliness of thedevelopnent, she only felt compelled to record pictures or
recording or reviewing of the data by logging the dates atvideos if she was not sure of her answer.
W_hlch da_lt_a was recorded. We an50 conduqtgd interviewSyiother E-1:8 1 f | knew it. thenBulif wasnb
with families and focus groups with pediateins before, | wasnét sure, then | got the vid
during, and after the study as a means of triangulation.

Study Timeline

We met with each fam”y fivéimes over the course of the 3 1 We usedmdependent Sample-Tests with equal variance

months. The firsmeetingwas an observation of the Well assumedo test significanceFor p values greater than 0.05, we

Child Visit between the pediatrician, parent, and childal so cal cul ated Cohené6és d,A which
where we alsdlistributed prestudy surveysShortly after Cohends d greater than60.8 indica



i st of whraet olf .walsirkéet Isur eal |
example, that throwing the balAnd even when | got it on video |
replayed it a couple of

throw that, or was it a drop?

Table 2: Number of milestores, pictures, and videos recorded
and the number of days families used Baby Steps

Participant | Milestones Pictures Days
ID Recorded & Videos | Accessed
C-1 64 8 6
C-2 12 0 10
C-3 5 0 3
C-4 113 3 7
E-1 74 22 16
E-2 79 4 22
E-3 101 0 23
E-4 108 16 20
Control 45.8 2.75 6.5
Average (¢ = §5 (4 = ( G289
Experimental 90.5 10.5 20.25
Average (a = 24 (a4 = 1 (4309

Increasing Data Access

We alsowanted to knowf Baby Steps encourageadrents
to reflectupon data moreften We examined the use of the
system vidog filesto determine how often parents viewed
their childbés milestone®n o
average, parents in the experimental gragpessed their
c hi | d écsossdnaré dayhan the control grouf0.25
days vs.6.5 days p< 0.01). Table 2 shows the number of
individual days of access by each family in the studyd

Figure 4 shows a distribution of these accesses over the &

months of the studyshowing for the most part, that access
was distributed across the days of the studypoststudy
interviews, parents in the control group reported forgetting
to use the system atatedtherewas not enough timeAll
parents in the expenental group repted that the
reminders helpedtthink alout using the system

Mother, C-3:fiBecause when you do

you just donét think about

mC-1
mC-2
uC-3
nC-4
mE-1
= E-2

E-3

E-4

Day of
Study

Figure 4: Plot of days Baby Steps was accessed across the 3
months of use.

hav
remember instead of picking up a book and reading it. You know
it

yncremsing GdnfidenseunReportinp o u t for
Anotheraspectof recordkeepingwe aimed to supponvas

o measure confidencparentsconpletedthe papetbased
version of the Ages and Stages Questionnaire for their child
at both the beginning and end of ttieee months (each
guestionnaire consisted of approximately 35 questidius).
eachmilestone we also askegarents to rate theonfidence

of their AYes, 0 NASomet onmae s,
scale from 1 to fwhere 5 is highest confidence)

To analyze thsurveyresults,we averaged the total number
of responses for both withisubjects and betweeubjects
conditions. For the within-subjects comparison, there was
an increase in confidence for 8liparticipants between the

first stage of the study and the second stage of the study, 5

of which were statistically significant (p5) (seeFigure
5). For the letweensubjects comparisonye compare the

average differences between the beginning of the study and

the end of the studyFor the control group, the average
di fference was 0.52 (4@ 0.
the average di ff @39 The averaga s
difference between the two groups was fairly small (p=
0.96). The overall findingsuggesthat although there was

a difference for almost all of the participants in terms of the
within-subjects gains, there was not a statistical difiee
between the experimental and control groups

er the course of
Control Group

C-1 C-2* c-3

3 N

© R N W & W
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Figure 5: Average confidence ratings for each family. An
asterisk denotes statistically significant differences.

In the postdeployment interviews, participants from both
groups reported that using the Baby Steps software in

general helped increase their confidence and awareness of

t i me gncréagng EoAftEncesiN regofting!develBpmeritall prdyess.r e a |

0

53)
0.

ont h



their chil doés devel opment a
parent mentioned that although she had a general sense
how her child was developing, usiBgby Steps helped her
to be more awaref some of the more minor milestones.

ratingpfrorgr ¢ b & .
bétween the two phases of the studiyhe difference
between the averagéar the two groups was significa(p

< 0.05). An analysi®f the pediatriciancompleted surveys

ekpempiameéntcall ag,r ow

Mother, E-3: i [ | ' m] more aware of muS?%WEd ag }ngeagipf%r bclm} qrogpstb%t\/iver(]a%tgg two phases
Like thereds the big obvious Ootnees?UdYI i OYVEVery ngraKvYaﬁ 8‘ b'gagﬁrd CrGRsS eritI?'neg a
stuff, but yes, it was very interesting knowall the different experiment al gr ou p for(the cdntrob 1, u
categories and everything unddr Otthe §itf f0.(kBQ0)TuLd sHOVILWO o
Improving Timeliness of ~ Reporting charts showing the differences between thegmepost
Ideally, parentswould reportt hei r chil doés Stﬂdg SVUI'é/quOOE)an]tQ tr¥ptesaf?r both groups.
progressmore frequently and morevenly spaced over the —
time betweerpediatrician visits, réer than alclusteredon 1.00 1 g Control Group
a single date To get a sense ofvhether Baby Steps 0.50 - o o © a 3
encouraged this practiceve loggedthe dates that parents I g © P e ©
enteredmilestoneinformation into the system. With these 0.00 - - | I
dates,we could determine how often parents entered data o = =
and how long they took betweereporting In generalwe -0.50 - S o o
found that the experimental growgmtereddata on more 0 ' ' '
unigue days on averaglean the control groufil2.25 days -1.00 - o
vs. 6.75 days)p = 0.22). Parents in the experimental group c-1 c-2 c3 C-4 Average
also averaged a shorter amowf time between days that
the decisions were mad&0.62 days vs. 17.54 day$p = ® Parent-Completed  ® Pediatrician-Completed
0.34).Finally, we looked at the longest gap between entries
(i.e., the highest number of days between two reparts) i
found that thee x per i ment al gr s gapod s 1.50 - S Experimental Group
between entrieswas shorterthan that of the control 1.00 - - 6o —
condition(26.75 days vs. 42.67 days out of a possible 90) o o e © g < g
(p = 0.21) The trends for these groups show promise for| 0.50 | = S S e S
improving timelines@nd n the posstudy interviews, some =l Cﬁl II _I
participants acknol@dged this trend. 0.00 TSNS gy -
Mother, E-1: i Wh e n [PEYJ first gave me the Zfhonth -0.50 - N
uestionnaire it was at the-@onth appointment... And like that
\?vas just stuck in this foldeBut then V\F/)r?en | started working with E-1 -2 E-3 E-4  Average
[the system], then it was something | was camtbfainteracting
with and usingEv en i f it w a Is wad somedhingl a m Parent-Completed m Pediatrician-Completed
that | was being able to be more aware of instead of pulling it out
the day before hischeckp and going over t t?fiﬁureI 6 Er}artsoshowing the differences in perception of
Improving Communication communication between parents and pediatricians between
One final goal for Baby ®ps was improving  the beginning and end of the study
communicatiorbetween parents and their pediatriciaV®  Another interestingesultof this survey is that perceptions
analyzed theperceived collaboration levels from the of communicationwere not necessarily reciprocal. For
parentso pskg a pnedifiedi wversion of a  example, for G1, the difference between the psudy and
stardardized survey called the Patidbactor Interaction  noststudy ratings by the parent showed the biggest
Scale or PDIS[2]. The modified PDIS consised of 21~ decrease between the two phasessg), whereas the rating
statements probing wariety of satisfaction levelssuch as  py the pediatrician for this parent showed the biggest
communication rapport establishedand satisfaction with  jcrease (+0.61). A similar trend is shown participant E
care receivedThe ratings usga 5point Likert scale, with o where the difference from
5 always bing the positive answetVe created a similar s howed a decrease of 0.24, whe
18-questionsurveyfor pediatricians to rate parentsith a  perspective, it showed an increase of 1.D6e mother of
focusont he parentso knowl ed gigmilyB-DiRditdted it tRedsfiudy iftéhielv th& She felt
development and the pductiveness of theiappointment  moreorgni zed for her doctords Vi
We administered these surveys immediatellowing the

Mother, E-22fA1 j ust have | ot ). bdforequest.i

Well Child Visits at the beginning and end of the study.

Analysis of theparentcompletedsurveysshowed that in

general, there was a net decrease in the average ratings fore c au s e

the controlgroup-0 . 11, G= 0.31) hend

| would write them down and keep them in, like, my nightstand

dr awer , but now that I have [Ba
I 6 m al wafgesso organizechvéehend gomp ut e
apd pletcainnecyetased i nh qut the 1ist



One possible explanation for thidservationmay be that  Mother, E-1: fi | l'iked some reminders, b
as parents become mor e Sama reneindersgecause tif yog et too rganyj nhggugsiart
developmental progrespmthep e di at ri ci andsINgEF B elchteimy 8

this is seen as a pasi change because they are more parents in the experimental group rarely used the video and
aware However,parents who are more knowledgeable may picture sharing feature, mostly because they already used
begin to quest idepthoftevakiatign®el i ey itdols ad) Bctomplish that taskowever, they

believe that thlgesult indicates thamore research .in.to a appreciatedthe ab|||ty to generate a newsletter of their
deeper understanding the nature of the paediatrician  chj | d6s progress.

relationshipis needed . .
Mother, E-3: A So | |l i ke the newsletters,

Onefinal result of interest in the area of communicaisn gr andparents or stuff. You know,
that for six out of the eight families in the study, one parentwh ol e baby book. 0
primarily took on the role of entering data or deciding on
the chil dés de vFioiltogefamities,ahat
parent was themother, and she was the only one who
attended the Well Child Visits. The exceptions to this were
family C-1, where both parents attended buisits in the
study, and E4, where the mother attended the first visitl a
the father attended the second visit. In both of the
families, both parents used the system collaboratively.
However, in other families, the other paremighthelp take  Father, E-4: iBef ore, hedéd do something
pictures and videosnd otherwisebe involved with the fascinating, an_d then Whe_n you try to get the v_ideo to record it, tkle
child, but they rarely pécipated in the aftethe-fact process of going to get it, or whatever, set it _IIIph en h_e ol 1 't
recording and reviewing of data. This observafimicates &St racted by it, and itos like, ©
: ) . . t han do the trick. Now, we can ge
that designers should take into consideration ways that the
secondary caregivaould be encouraged to be maive Many parents from both groups had suggestions for how
in thedata recordingrocess. Baby Steps could be improved Almost every parent
wanted explicit suggestions fomore sentimental records
that they could enter into the system, such as first vacations,
Ifirst haircuts, favorite toyspr family trees Though they
could enter this information using the journal feature, they

he video recording device we prototyped was not
ri’réqt?eﬂtlgl L?sédsoy those families in tlgperimental group
The functionality to use it as a baby monitor was more
complicated than typical monitors, so most families did not
use it continuouslyHowever, several families would set up
eplay sessions with their child angdedthe video buffering
S capabilities for recording unplanned, interesting moments.

Overall Impress ions and Suggestions for Improvement

During the posteployment interview, we asked parents
about their general perceptions and suggestions fo
improvement or new feature®lost families had a positive

reaction to the Baby Steps systeflme exceptions tohts wan_ted to be prompted byspecific que_stionsAIso, we
were families €2 a)r/1d Gg, W)I{IO very rareIF;/ used it to designedBaby Stepss a standlone application for health

record their .Thémotherofe cited that s tIBGPEVECY reasonsbut many parentgequested aveb: -

she just never remembered to use it. The mother®h&d based or networknabledversion so they could access it

an existing solution of refEOH]?nJFOH‘%Uterher daughterds i mport
moments €.g, words she knows, teeth that have grawn Mother, C-4:AMaybe you could evlevas have
etc) in a text file she stored on her comput@he said that thinking that | would use it more, because | was on my #at |

it was faster and easier to do that, and since her daughtéyould have just gone to the websiemthereo

was always above average, she had no reason to want {9;rents were also naturally curious and wanted to know

keep milestone record$he mother ofamily E-1 was the oy their child compared to the average chikveral

most enthusiastic about the systehter older son had g,ggested includingverage development rates or charts so
shown warning signs of autism at a young age, and so shg " y could visualize t.Meir ch

was worried that her second son (the one participating ingiq not include this information for fear of invoking anxiety

our study) was also at risk and wanted to watch him closely;s progress was slower than average, bhemwprobedibout

Mother, E-1:AWi t h my first child, 1 thispossibility, masysaig they wokhgant toakngiose theyl i k e
nervous between one well visit and the next because | was reallgouldact upon the findings
on my ownAnd so this made me feel more comfortable about

[chil dés name] because | knewgﬁ\%ﬂfﬁgf\:/tﬁetﬁvaleg@eoI%Sfé(%rt.c?ﬁ Jkiuzts a[dlol ttthlie:
Interestingly, parentdrom the control group requested i nf or mati on, but | want to know. o0
feature_s that existed in the experimental ver_sion,_ such BRother, E-1: /il 6 d r a tllye anjoksmotknowingAnd

reminders and the ability e knduwhat 6 work dhbu'know? Bécdust od carfwdrk @

others Parents who used the hypothesized featuresonitwithplayl t 6s not | i ke ités a chore.
appreciated their existence, but had suggestions forS | d'to be abl K hi ; h
improvementMost parents wanted to be able to customize S€Veral parents wanted to be able to keep a history for eac

the frequency of the reminders that were sent, as they felmi!egtone With Baby Steps, the_y COUld. only update
the default was too frequent. existing data mad one parent mentioned beihgsitantto



update a note she had made about a milestone, because shterest or ideas for what a jgat might entein free-form

wanted to be able to store that for later refereRasally, entry boxes. Many parents did
many parents requested a search function, as the curreentering milestone information, because they were not sure
system only allowed for browsirty age and category what would be appropriate to write in that space. Similarly,

Mother, E-2: fi | had a video of [ chil p@%e%tls cciﬁdan%teuece%sg;%yﬁkpqwnvv%hat. r?ﬁvﬁé(?tgr twas .

knew that must be a mileston,c\@r,)aeb Vn'Fey@Eil ﬁ%?“er%'ﬂ‘f’, SXSG'P’rSBUi/se

through everything to find it ISgossiblenew usersmay notfully appreciate the extent to
which a system could be used without having a previous

DESIGN CONSIDERATIONS .. example. Thus, having examples for what a parent might
The deployment of Baby Steps uncovered some insightgyant to recordwould be helpful in getting them to enter
into how computing applications for this domain can | oce data or use additional features.

succeed or failThesefindings can serve as guidelines for

the design of future applications. In this section, we discussAdaptation of system for those with limited financial means

various lessons learned and aspects of the design we believhe participants in our study were all in a position to afford

had an impact on the resufiresenteébove home computers with internet access, but this teloigy
should also aim to benefit those with limited financial

Provide explicit guidance for busy parents t0 enter ynaansThe pediatricians reportesl concern about this, as
information Although some parents enjoy coming up With a0y 10w income families are often the ones tratunder

their own information to enter about their child, many do diagnosed. If Baby Steps werewebbased it would

not think to write specificdata without some sort of 5 eviate the need for ovmg a computer, as public libraries
guidance. Many pans requested ideas for data and topics 54 \yorkplaces often offer free Internet access. However,

to record about their child and appreciated th? fact thaty,q system still relies on digital pictures and videos, which
milestones were prentered and thus they could just mark g ,51ly require at least a digital camera if not a camcorder. _
iyeso or finoo rather than bRk sfutids May'beto Uk mdbi® Prbned\hieif 1 P LI

Thus, we believe Baby Steps could beervcloser 10 3y he more economically feasible than a computer with
existing baby books by asking more sentimental qUestions,, “intermet connectioror provide kiosks at public health

However, we believe still providing the opportunity for jihicq These areas remain open for future exploration.
some fregform entry will make the system flexible enough

that parents can use it for a variety of tasks. Designing for limited anxietyOne danger in designing

: . . . systems to <suport better tracking of medical or
Quallty of artifacts ued for sentimental purposes is developmental data is that it may causmecessarworry
important. Because _Baby Stepsaw aresearch prototype gy er progressWe tried toavoid this danger by presenting
_created W'.th limited  resources the _de3|gn a_lnd Baby Steps as not only a developmental tracking tool, but
implementatiorof the system was not as high of quality as ;155" 54 sentimental recokibeping toal We ako made a
one would expect frora commercial system. For example, cqnseious decision to not provide any analysis of the
the pictres captured by the Sony Vaio UMPC weredow g agtionnaire by the system, but to only allow parents to
quality than digital camerasThe method used to makee  5int the list of milestonefor their pediatricianto analyze
recording devicento a functional baby monitor was also None of the parents in the study reported an increase in
cumbersome to use and thus parents quickly dismissed ity,qy anxietylevels when asked, but could imagibeing
Lastly, the newsletter generated by tsystem was listed as  ;ncernedf their child wasnot progressing normallyWe
questions rather than statements, so parents were less likefy,jieve further research may be necessary to determine

to want to share it for fear of confusing others. THbS,  petter wys to present potentially sensitive information.
importance of visually appealingong-lasting artifacts

should not be underestimated. CONCLUSIONS AND FUTURE WORK

) o ) . Helping new prents keep better recordsbout their
Perception of comunicaion is notnecessarilyreciprocal childrenhas the potential to achieve numerpassonal and
As seen in the results of the analysis of ratings Ofpublic healthgoals In particular, bymore closely and
communicationamongst the parents and the pediatricians,Continuouswt racking a chil dobs Prooc
there can be a difference between how collaboration is,demify the warning signs of a potential dewpmental )
perceived amongst different members of the care teamproplem earlier than they might have otherwiggisting
Thus, it may be considered that having more '”format'onrecordkeeping techniquedack the ability to provide a
may actually make caregivers perceive others as not doinggnsistent and integrated location for recording all
as much as they could. Technologies to support caregivers n f or mat i on about a chil dés
should take the differing roles into consideration and makedevelopmental, medical, andngienental records.
advancements to help allembers of the care teaio

understande a ¢ h  adlek and lfeson the same page [N this paperwe preseredthe design, imgmeration, and
about how care is progressing. evaluation of a computing system aimed to meet these

needs The system, called Baby Steps, udedr specific

Provide examples telicit interest in completing a task gesign features to encourage parents to record and review
Having specific examples would be helpful in sparking



information more frequently, including the ability to share 7. Consolvo, S., Roessler, P., & Shelton, B. The CareNet
information with others, the ability to generate keepsakes, Display: Lessons Learned from an In Home Evaluation
proactive reminders, and integrated video and photo of an Ambient Display. I n Pr

recording tools A 3-month smallscaledeployment study g panl J. Scharf. G.. & Francl. L. TumbloRetrieved

test the ability of these feature® support parentsn September 2008tom Tumblon: http://tumblon.com
keepng better recordsResults showed promising trends

through more frequent recding and review of data, 9. DaIsgaard,_T.et al Mgdiated intimaqy in families:

improved perceptions of collaboration, increds@arent understanding the .relat|on. between c.h|ldren and parents.

confidence in reporting, artinelier recordkeeping In Proc. of Interaction Design and Children. 2006.

10.Fell, H., Cress, C., MacAuslan, J., & Ferrier, L.
visiBabble br reinforcement of earl vocalization. In
Proc. ofAccessibility and Computing. 2004.

Although this stdy showed significant findings in how
technology can support recekéeping, there are still many
areas for future exploratiolWe plan to conduct future
studies to identify more specifically how oufour  1l.Foucault, B.E. Designing Technology for Growing
experimental features individually contributed tihe Families. Technology@Intel Magazine. 2005.
improved recorekeeping. W alsoplanto conducta larger 12 Frohlich, D., & Murphy, R. The Memory Box. Personal
study with a more diverse set of users for a longer period of  and Ubiquitous Computin@000.

time. We plan to adapt this technology to support those . .
with varying financial means and reduce the necessity Of13.Hayes, . GR et al .Opportunltles for Pervasive
owning expensive témologies while still providing the Compu_tlng in Chronic Cancer Cardn Proc. of
same benefitsin addition, this domain can be used as a Pervasive2008 pp. 262279.

means for studying appropriate ways to design technologyl4.Hayes, GR. et al Experience buffers: a socially
in such a way that it can limit the anxiety involved in appropriate, selective archiving tool for evideihesed

collecting potentially negativelata The implicatons of care. In Ext. Abst. oCHI '05. 2005.

these findings can reach beyond the domain of young;s Hytchinson, H.,et al Technology probes: inspiring
childrento those needing toare foranotherindividual. design for and with families. In Proc. 6HI '03. pp. 17
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