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This project represents the design and development of an iPhone application, website, and
supporting framework that simplifies the collection and utilization of observations of daily

living by patients, parents, andohysicians. These observations of dailliving provide a wealth

of information for patients to use as preventative measures and in managing chronic condition:
Physiciars can use that same information to refine diagnosis and treatment. TiKedOoDL
website andiPhone application, designed aroungbrimary stakeholder needszparents with
infants and pediatricians take advantage of appropriate technologies, providing innovative yet
intuitive tools for tapping a hidden medical resource and bettering patient health outcomes.
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Problem Statement
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physical activity, quality and quantity of sleep, pain episodes and r?‘é)bldwever,collecting,

understanding, and using this information is time consuming and cumbersyngplyingmodern

Internet and communicatiotechnologies to patient cented healthcare, this project heypatients and

caregivers collect, share, understand, and best utilize their information.

During a clinical visit, physicians have a limited opportunitystgess a patient's condition. In addititmn
their own examinationthey can ask questions about the patient's experience since theivikist Key
determinants of health take place between these epis@ticounters and a physician's ability to act on
them is dependent otthis information being communicated effectivelys patients, we do our best to
remember, but being able to properly recall every instance of our cause for going phyisecian
especiallywhen a chronic condition, is incredibly difficult to do over long periods of time.

Many people benefit from collecting ODLs. Chronic disease patients, pregnant women, parents with new
infants and children are just some for whom ODL collection can prawiienable information for
0SUGSNAYT GKSANI KSFHEGK 2dzio2YSad thFdASyda gAGK RA
response to food consumption by time, type, and amount and measuring that against exercise. This

allows the patient to bettedecide insulin dosage in a way thragjuireslessphysicianintervention.

People living with HIV follow similar tracking regimens to keep their bodies healthy in the hopes of

avoiding toxic drugs until absolutely required. Tracking ODLs helps the fdat¢ntore in control of

their condition and lifepossiblyleading to better outcomeslracking the information motivates the

patient to act proactively rather than just wait faphysicia?d RAF Iy2aAiAa8 FyR GNBIF GiY$
to note that not all ODLracking should be done after a problem occurs. For example, parents of

newborns track information as a preventative measure, not after the teopmesil.

Observations of daily living are also usefuphysicias. While the validity of measurementsken by

patients at home may be open to question, if there is a consistent pattern presented fuhifséciann

a clear manner, he or she has that munhre useful information, qualitatively and quantitatively to

make a diagnosis and design a treatmennpM/hen this information is tracked more systematically and

perhaps at the behest or following the advice of the physicianpthgsicianis much more likely to

incorporate patient created information in the diagnosis and treatment plans. The informdson a

provides the physician a more holisticor @B INBES @A Sg 2F (KS LI dASyiQa 02
unforeseen causes or triggers.

Trackingobservations of daily livinig often difficult, cumbersome, and time consuming. Only the most

dedicated are likely to cargrounda notebook all dayhand writing everything one wants to track.
Conditionspecific devices can help, but also add to the clutter of devices one carries each day and can
arayrt GKFG LISNE2yQa AfftySaa (2 resank® hdiitioatgthes | & & (K
physical problems of recording this data, there egportingand recalbiases that affecefficacy. When

one does not record the information as it occurs, it is very common that the information is wrong, even
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if just incrementally. These small increments have a large impaaggregatedata validity. One may
also need to take the collectedformation to a physician or caregiver to properly understand its
meaning.

With this in mind our project has focused on addressing the need for ease of collecting, storing, sharing,
and analyzing observations of daily livi@yr use case, tracking infortian about infants, also includes
tracking developmental milestones

The target audience for our project is any person who can benefit from tracking ODLs, patierys, fami
members, caregivergndphysiciad ® ! & | dzaS OF aS ¢S Q@8ithAeddDIsiSR 2y |
tracking important developmental information about their babies. This is especially salient to one of the

team members who recently brought home a fweek premature infant for whom OCdAnd milestone

tracking waf paramountimportance

When parentdeave the hospital with their newboritheir physiciancommonlyassigns them a set of

ODLs to trackbout their child. From the moment the baby is brought home, parents need to track how

much and when the baby eats, both bottle and breast feedingy hmich and how often the baby

sleeps, and frequency and type of diapers (urine, feces). This information, providedpbytieian
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the parents must quikly respond by contacting their physician. Tracking this kind of information and

having an average or norm to expect offers a great deal of comfort tetifingt parents and parents of

premature infants. It also acts as a signal to action if there mayfreblem. Knowing their baby fits

within a normal range goes a very long way towards helping them manage their new, much busier lives.

In addition to collecting eating, sleeping, and elimination ODLs, developmental milestones are key
indicatorstophysit I ya4 S&ALISOAlFffe& | o02dzi GKS OKAfRQa 3ANRGGK
abilities babies should develop within a range of time (i.e. within the first three months an infant should

be able raise its head and chest while lying prone). If Lilel cloes not achieve these milestondsis

may signal a problem to thghysician

Our solution to thechallengeof collecting, managing, sharing, and maintaining ODLs and milestones is a
soup to nuts service that includes an iPhone application, wehs#b,service that synchronizes the

mobile application with other mobile applications as well as the website. Our service will allow multiple
caregivers to input and view information about the child, provide meaningful visualizations for the
parents and theD K A fhysigidis, as well as link to personal health record (PHR) systems such as Google
Health. By supporting the storage of data in Google Health, our service not only provides greater control
and continuity to the patient over their medical informeati, it eases integration into electronic medical
records (EMR) on thghysiciahospital side.

By combining the collection of ODLs and milestones our service provides a huge opportunity for
individual users to track patterns in their health. By collectirig information anonymously across a
large swath of people, we maagsist irachiewng greater insight into child development overall.



Project Goal
This project hd three interconnected goals.

The first wago desigh and develop a working iPhone applicatithat meets the needs of parents and
OF NBIABSNE Ay O2ftSOGAYy3IT GASgAYy3IST aKINAYy3IS YR
milestones.

The second goal was to create a wagdplicationthat works in conjunction with thenobile application
syncing information from the web application to one or more mobile applicafltrewebsite would
allow multiple caregivers controlled acce3tiewebsite and mobile applicatiowould both provide an
opportunity forparents to find patternsAn example othis is finding a correlation between eating and
sleeping habits via data visualizatidihe websitewould accomplish this byeneratng visualizations of
ODLs andilestones These visualizations would alsmvide parents decision support aptiysiciars
meaningful measures of development quickly, easily, and intuitiéally, he websitewould allow
users towrite their data tothird party PHR vendors such as Google Health.

Our third goal was to develop an overall framework and API (applicationgmoging interface) for the
collection ofmultiple types ofODLsand milestondike information. A scalable and flexible data model is
imperative in achieving this.

Our use case for this project wiee KidOoDL (Kid Observations of Daily Living) iPhonecabioin and
website. While this application stands well on its own, we plan to expand the types of ODLs collected
and have included this intent at every step of design on the frameydatia mode] and APIls. We built

our system from the ground up to allowaing. We hope to convince others to use our framework and
API to create applications that connect to our service for other conditions and needs. We built the
framework with the intention of encouraging voluntary social exchange of information by users.

Each team member had individual goals in contributing to this project. The overarching goal for all
members was taking the opportunity to utilize and practice the skills we developed during our two years
at the UC Berkeley School of Information in a-eatld setting. We wanted to create something

tangible that would last beyond fulfilling our degree requirements. We each were drawn to improving
healthcare and found the nexus of our skillsets created an opportunity to use our newly gained
knowledge to impove healthcare outcomes in a way that is cutting edge feasible

dz



User Requirements

In order to gain insight into the needs of our potential users, we conduetesgito-faceinterviews with

new parents five coupleswith infant children. Two othercouplesprovided written responses to

interview questionsAdditionally, one member of ouprojectteam is a parent of a premature infant. To
understand the needs of pediatricians, we met with a community pediatrician, two pediatric hoggjtalis
a pediatrics resident, and a focus group of academic pediatricians. The interviews were supplemented
by two surveys, one for parents and one for physicians (n=10 for each survey).

In studying new parents, we learned thesasa fair amount of variabily in parenting styles and thus in
needs for an application to support the tasks of parenting. Parents varied in how interested they were in
formally tracking data for their baby, which things they chose to track, and which observations they
made about thethings they tracked. Thegll agread on the importance of doing some tracking, many
having been encouraged to do so by their pediatriciéme @rents tried a variety of techniques for

tracking, most with paper or some type of journal. Parents who usg@éigaased tracking felt that it

was difficult to manipulate (particularly at night) and easy to misplace. Several had tried electronic
applications, either welbased or smartphorased, but nonevere satisfied with their chosen tosl

The primereasons fo discontinuing use of electronic applications were poor usability and lack of
necessary features.

Parents were universal in their need for an application that could be used when half asleep, in the
middle of the night, with minimal fumbling. They alsowrattention to the need to allow multiple
caregivers to enter data. We found the most universally tracked observation types were feeding (both
breast and bottle feeding), diapering, and sleeping. Many parents also wanted to be able to enter
comments assoated with their observations. Most parents had smartphones, and 60% had iPhones.

We found that pediatricians, like parents, varied in their interest in tracking baby data. Some felt that it
only needs to be encouraged for infants with known problems and that parents would be better off not
worrying about tracking. Others felt that aléw parents should track specificsubset of dataln

addition toeating, sleeping, and diapering, pediatricians wegey interested in adding milestones to

our list of observation typed.he connection between parents and pediatricians is central tqooagtuct
concept.Therefore we feel including milestones will make our system more helpful to the medical
community, and by extension, parents and infants

There are several existing smartphewe web-based applications for trackingaby data. We looked at
Baby Brain, BabyConnect, iTrackBaby, Baby Activity Logger, NursingLog, Todmalyeightbot,

and Baby Geek for the iPhone, Baby ESP for Android, and themebrixie Tracker. These applications
vary in the subset of observations they irady from nursing ne to a list of thirteen categories of

data. Most accept data for two to four types. Only two applications accept data via a web siteofBoth
whichhave HTMibased applications for thé&hone as well. One offers web pages optimized for view on
amobile browser,while the other has an iPhone application built with HTML.



We also looked at web sites that collether types ofobservations of daily living from users. One such

site is Keas, WWhOK 3IAPS& dzaSNBR Y2Rdz I NJ aOFNB LX Fyaé GFAf 2N

Keas care plans are developed with physicigiving thesite a certain level of authority. Users can
subscribe to the care plans of their choosing, a model sfarnization that weind practical

AnotherODL collectionveb site, theCarrot.com, allows users to track a wide range of things about their
daily life, such as body measurements, foods, energy level, and exercise. The site provides customized
reports andoptions for sharing data with a community of users.

PatientsLikeMallowspatientsto share information about their experiences with having a specific
disease. Theinput information about their symptoms and medications, sharingtitiata with other
usersor even the general publid@his site also reaches out to the medical research community making
data available for studies and helping patients find studies to Ji@would like to incorporate similar
social networking features in a future version of guoduct.

We have also beefollowingli KS RS@St 2LJySyid 2F GKS w20SNI 222R
Design. This program has granted funds for research in collection of observations of daily living and
integration with personal health records. particular, the FitBaby project is relevant to the GidDL

concept. The team is developing a mobile device for parents witkbiahw-weight, preterm babies. It

aims to deliver nearealktime data to clinicians, including data about the infant as wethagarents.

w2z



User Interface Design
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adoption.We chose to follow a usearentered design process emsurewe builtour application and
serviceto meet user needs both Uldesignandfeatures. The requirements called for a designdor
iPhone applicatiomnd complementary web site. The two shared most features, but the designs needed
to bedeveloped in tandem for each platform.

As discussedbove, we began with interviews and surveys of parents and physicians. From this input,
we creatal a set of personas: a father, Rick; his wife, Angela; a community pediatrician, Emma; an
academic pediatrician, Scott; and a babysitter, Susan. We choseafaggelr primary persona, since

her profile as a mother who is not working made her most likely to be caring for and tracking data for
the infant (Sammy).

Next, we conducted a task analysis for our set of personas to determine which features were afthighe
priority. From the prioritized feature set, we devekgbscenarios in which the personas completed the
tasks to be supported by the interface. Working with scenarios, we developed initial designs for both the
iPhone application and the web site.

The degyns were first produced in Balsamiq Mockups. We therdysints of the electronic files to

generate paper prototypes. We conducted usability tests with the paper prototypes, iterating the design
between testing sessions. In order to test the iPhone pgies more accurately, we built a test device

G2 K2fR I LI LISNILNRG20GeLIS aONBSYy (KIFG O2damer oS
tested each interface three times. The first tests of the iPhone and web applications were conducted
with different users, to avoid transference of knowledge from one test to the other. For subsequent
tests, we asked the same users to perform tasks with both interfald@sassesed how well the two

worked together. Wemodifiedthe paper prototypes after eactesting session.

2
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Figure 1. Paper prototype for iPhone application, with test device.

After conducting usability tests, we began graphic design windt, we created a logo for the KidOoDL
service, then detailed designs in Adobe lllustrator for the bgrage and the data entry pagé/e

wantedto convey a sense of simplicity and ease while also appearing formal enough to be trustworthy.
The color palette is a calming blue with accents of more lively green and red. The logo font, Relig, is
playful and adve. The symbology is of growth and nature (grass, blue sky).

Development of iPhone Designs
For the first version of the iPhone design, we wanted to experiment with accepting data input in a single

click once the applicatiostarted We chose to make theath entry screen (Figure 2) the root of the

iPhone application. From that screen, the useuldimmediately save a single observation entry by
GFLIAY3I GKS ! RRé odzid2y F2NJ 0KIFG 20aSNBFGA2Yy G@&LJ
time, mostlikely option settings). If the user wanted to enter ndafault data, each observation type

had controls for setting common options on the tgvel screenEach observation type hdidks to a

separate screen for setting less common options. In usakekiyng, we found that the singlelick

method of entering data was confusing for users. They were unsure when and whether their data had

been saved. After testing several singlick options, we decided to use separate screengfmhdata

entry type
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Figure 2. Initial iPhone data entry screen.he left screemappearsas the applicationfirst opens Center
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entry screen

Eachdata entry screen also liekito screens for viewing K I G O Higt&ya r2dedis Caiid making
configuration settings. Once the user navigated away from this screen, their movement through the
application was restricted to returning to the root levelsability testing showed that this was too
restrictive. We therefore added tab bar navigation on all imeadal pages of the application.

The initial version of the design did not adequately handle switching from one child to another. Users
were sometimes2yY Fdza SR | 602dzi 6 KAOK OKAf{ RQaldresslisavbl | G A2y (K
included identifying information on each data entry screen.
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containingall observations for a single child. The first version of the iPhone design also identified
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and unrelated to their taskThereforewe chose to identifghe information inthe échart by the name

of the child and rewored help text to obviate mentions of charts. In order to minimize clutter in the

interface associated with choosing among multiple charts, the initial design allowed usetatohart

inadive. In practice, the idea of archiving a chart turned out to be distasteful to parents. They felt it



would be a personal slight to the chiMe were able to minimize the appearance of lists of children in
the interface without including this feature.

Edit
observation

Does the user A
Is user have at least Is> 1 chart
one chart? active?

registered?

yes ><k yes yes —>| Selectchart [—>>| ODL entry history
A
no no
* No >

i > sharing

settings
Registration Create chart >

Y

Track these
things

A A
—>| configuration

—>| report options

!

report

Interaction Flow for iPhone Application Annette Grainer

March 11, 2010

Figure 3. Interaction flow for initial iPhone design.

Development of Web Designs
Tests of the web designs exposed similar problems to those found in testing the iPhone application.

Users working with the web application had difficulty knowlimgwhich chid they were entering data.
To solve this, we added more informative titles for data entry screens. The difficliypwingwhen
their data had been saved was a problemwsoreworked theinteraction flow to make use of modal
dialog boxes.

One way inwhich the web site testing informed the iPhone interface was in the entry of sleep data. We
found users were inclined to set and forget a timer for a ldngation event like sleeping, and the use

of timers for sleep events was confusing. We chiaséead,to collect a start time and a stop time for
sleep events, cueing the user with a t&sstsedmessage on the tofevel data entry screen when a sleep
event was in progress.

Users were more insistent on similarity between the iPhone and web applicationsvinarpected.

One example is the configuration of application preferences for data entry and those for granting access
to other caregivers. The two were initially grouped together on the web site but were separate on the
iPhone The iPhone link titles weraecessarily shorter. Users looked for the same grouping of

preferences and expected the same link titles in the two applications.
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Figure 4. Initial interaction flow for web application.

Final iPhone Design
The final design for the iPhone allows for mietyeractive button areas, especially on the data entry

page. It also presents all the observation types with no scrolling. Througtettigndevelopment, we
found allowing a longer interaction path through the application often coincided with moriyctar

the user. Since keeping the application easy for siéggrived parents to use was important, we felt a
longer but more straightforward interaction was superior. (See Figure 5.)

[_Kkﬂ Lila New sleep entry for Lila New enfry for Sammy New entry for Semmy
K - " (cancel)  sleep  ((save ) Breast Feeding Diaper
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Feeding pm Mar 13 (3}
Enter Past Event No
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C Feedlng foday Q Comments:

AR _|

L |

Figure 5. Sample mockups for data entry screen and dialogs for filRlione design. The landing page is
much simpler and shorter thanprevious iterations. Also, Isep times are entered without a timer. The
Breast Feeding link goes to a page with a timer or the option to enter times directly. The diaper screen
gives the usea selection for dirty diaper colors thamay also play adiagnosticrole.



The screens for viewing the historyuderentered data (Figure 6) became much more streamlined with
successive iterations of the design. The final versions take advantage bfditbpsureshat group
what would otherwise be long lists.
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= — — — — 15 min. from R, 12:48 am (&
| | ,
Bottle Feeding for Sammy
(2 oz, mix, 4:15 am '37_59

|

Figure 6. History screens for final iPhone design. The user initially sees a list of months for which data
has been captured. They can then drill down to a specific date to view observationsmed by type.

Screens related to milestones (Figure 7) are grouped by age ranges in which the milestones are expected
to occur. The list of milestones was very popular with potential users in usability testing. They reported
that they would enjoy lookinghrough the list in order to determine what milestones their child would

likely achieve next.
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Figure 7. Final designs for milestone related screens for the iPhone application. Left is theleogl
milestone page, showing age ranges for selection. Setérom left is a list of milestones for one range.
Right of that is a data entry dialog. Right shows the list modified after the user has entered a date for
the first milestone.
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Figure 8. Interaction flow for final iPhone design.

Final Web Design
The firal design for the web application has strcengd intentionalsimilarities to the iPhone application.

However,it takes advantage of the greater window size afforded on a computer screen. Figure 9 shows
the final design of th&idOoDlhome page.
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[ About KidOoDL ]

KidOoDL is a new approach to active parenting. Busy moms and dads
have enough to worry about with feeding, diapering, and helping baby
establish healthy sleep cycles. Whey spend even more effort tracking it [ KidOoDL for iPhone }
all? With KidOoDL, you can track your child’s activities with the touch of

a button. No more piles of paper notes, no searching for the journal or

the pen. KidOoDL is here online or on your smartphone, or on your

spouse’s (or sitter's) smartphone. It can even save customized reports

for your pediatrician. Now you have a bit more time to spend with your

small wonder. Learn more
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Figure 9. KidOoDL.com home page before user login. New users can register immediatedyurning
users can readily log in.

Data entry on the web site is similar to data entry on the iPhdhe main differencessthe use of
standard web controls for selecting optis andthe use of modal dialog boxes layered over the referring
page. Figure 10 shows the data entry page for the web application.
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Figure 10. Final design for the data entry page of the KaDL.com web application. Users begin an
interaction flow for each observation type by clicking the corresponding button.
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Figure 11. Final interaction flow for web application.

Visualizations

The webbased reports include charts and graphs that give users deeper insight into the data they

entered. We designed four tinctly different views, twstandaloneviews forviewingmilestones, and

two linked views foviewingdaily observations. The visualizations were tested for usability with paper
prototypes. Three parents were individually asked to answer aseries@fque2 ya | 62 dzi G0 KSAI
based on the graphs. We made major changes to all the visualizations basezlirdadtiback.

Milestones
The milestones can be perused in a linear graph that plots a dot for each milestone the child has

reached along &orizontaltime axis eganized by age ranges (Figure 12). The age ranges are color
coded, so that dots occurring before or after their expected time appear in a different color than the
surrounding dotsThis makes spotting milestones outside their expected range eaBlexr nilestones

are grouped by category (e.g., social and emotional, movement, etc.) akertjal axis. Milestones

that have notoccurredbut were expected by the current time are shown ifaaright column The

OKAf RQa OdzNNFPoydivertical he dcidss allytarehdbiesiivVhen the page loads, the user sees



a compressed view showing only the dots in each category. Hovering the mouse over a dot reveals
details such as a description of the milestone, the age range in which it is expactethe date it was
observed. Clicking in a category area expands that categagyeal the descriptions farach dot.
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Figure 12. Linear milestone visualization showing age ranges along the top and milestone categories on
the left. Each dot represetis a milestone observed for the babWilestonesin the Delayed columrhave
not been observed but were expected by the current time.

We also developed a set of spider plaidso known as radar plotsf milestone data (Figure 13). These
plots show concemic circles representing months of age. For each date range, a separate spider plot
shows the range highlighted in the same color used in the linear visualization. Dots representing the
milestones are each plottecdccording to categonyn one of seven 5tlegree angular sections. The
distance of each dot from the center corresponds to the date at which the milestone was observed. We
connect the dots to get a shape extangbeyond the shaded area if milestones have occurred late or
extendnginward from tre shaded area if milestones occurred early. Rollover effects for each dot report
the milestone description, date of observation, and expected age range.



Figure 13. Spider plots of milestone data. Concentric circles with a colored fill correspond to i
the given age range. Dots are plotted angularly by category with their distance from the center
determined by the date of observation.

Observations of Daily Livin g
The daily observation data are plotted in a visualization that consists of a date range selector that shows

an ovewiew of all data entereas well as detail plot. The detail plot shows eithemountover the
selected range of days (Figure 14) or evemtss 24hour schedule over the selected range of days
(Figure 15). The date selector consists of sparidigke lnear plots of sleep, breast feeding, bottle
feeding, and diaper amounts. A pair of slideverlaidon the sparklines allows the user to select a range
of time for detailed view beeath




































