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ABSTRACT

DEVELOPING mHEALTH SOLUTIONS FOR
NATURAL FAMILY PLANNING

Md Miftah Uddin

Marquette University, 2013

Natural Family Planning (NFP) is a method to helpples determine the fertile
and infertile times of a woman’s menstrual cycléhwiatural indicators of fertility. NFP
methods have advantages over other methods ofyfahaihning. Proper use of NFP
methods also ensures high effectiveness (clos8% $h helping couples avoid
pregnancy. However, very few physicians prescrib® ¥b their patients due to lack of
credibility to the fertility methods and lack ofcass to NFP knowledge. The Marquette
University College of Nursing Institute for Natu@gmily Planning has been researching
for many years to increase knowledge and efficieafdyFP. Their proposed evidence-
based Marquette Model (MM) for NFP already showattess as an internet based
charting system. It is obvious to have an effectnidealth (mobile health) solution for
NFP because of enormous growth of smart phoneshade designed and developed
muFertility, a mHealth framework that follows theWwkso that couples can chart the
menstrual cycles. In this thesis, we have discudsedhajor human computer interface
(HCI) and design issues. We also have also preddote user feedback cycle based
approach can be used to incorporate user expesi@mtiee development and deployment
of a mHealth solution.
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CHAPTER 1: INTRODUCTION

The term Natural Family Planning (NFP) is useddnegally indicate various
methods of family planning that are developed tp men and men determine the
fertile time’s of a woman’s menstrual cycle. Couplean use these methods to avoid or
achieve pregnanciNatural methods to avoid pregnancy have been peatfrom ancient
times. However, modern methods of NFP are becomurgasingly popular in the
modern age because of its increasing effectivei¢ssd because there are no harmful
physical side effects with its use. Using NFP mdghalso increases fertility awareness.
The practice of NFP actually confers married lif@gher human value and increases
communication between men and women. There arg mathods for applying NFP in
real life. These methods use some form of nateralify indicator through women
menstrual cycle. Calendar rhythm, Basal body teatpes (BBT), Ovulation method
(OM), Sympto-thermal methods (STM/SM), Hormonal morng method are some of
the popular methods. However, most of the methoelsery complex by nature to
ensure it is handling all natural variability in netrual cycle and providing efficiency for
reliability in order to compete with other methaafdamily planning. It requires
expertise of fertility and natural fertility inditas and continuous supervision from some
NFP expert as well. This reduces people’s intéregtacticing these methods.

In United States of America only 64,000 to 124,800ples are currently using
modern natural family planning methods to avoiddmieve pregnancy. Though NFP is
effective and has some advantages still it is nattped hugely in USA. Fehring and
Jones in their research identified major reasodsidie lack of access to qualified

teachers, actual and perceived ineffectivenessaaidf credibility of the methods



among health professionals, nurses and generaktp[i#]. It is clear that practicing
NFP methods can be increased with spreading kngeladd ensuring ease of use. An
approach towards achieving this goal can be propeiof information technology.

Marquette University College of Nursing Institute Natural Family Planning
launched a federally funded “Effectiveness Studyrao Internet-based Natural Family
Planning Methods” In February 2009. The pilot pebjeas targeted for couples wishing
to avoid or achieve pregnancy by charting thesl\fértility signs[15]. Two methods
(hormone based & mucus based) were randomly askigrtbe couples registered to the
system. The study shows that the acceptabilityedfedtiveness for the internet based
system increased in the pilot study [4] but the banof responses decreased with time.
It is clear that the internet based system wastalpeovide effective service to its users,
however it wasn't able to be used as a part ofydiéd to the modern fast paced
technology based society who are more used to $hwareé and feel comfortable using
them because of their portability and ease of use.

In the modern age of technology using handheldogsvare becoming more
popular than ever. People are feeling more confitettn access or exchange of
information using mobile phone applications thamdgsame service with any other
method (paper based or internet based or any attegias). Because of large number of
sensors and ease of use Mobile based healthcarea|thiHis also envisioned for
becoming one of the largest focuses for the indesstAs of 2013, 95 million Americans
are using mobile phones as health tools or toliralth information, according to
Manhattan Research. This is 27% higher than 20b2nwhe number was 75 millions

[12]. There are lots of available smart phone application monitoring women’s



menstrual cycles to avoid or to achieve pregnam@sa vital sign for health. However,
most of the applications only focus on a singlélfgrindicator and/or simple user
interface designs.

Designing a mobile application for NFP requiresalwement of NFP experts and
reliable feedback from its users. It requires baskgd research and collaboration with
health professionals and specialists on relevaaitinéopics. Also a considerable issue
for application development is that people who Wwélusing the application are
considered as they don’t have any prior knowledguaNFP or fertility markers.
Therefore the application designs need to haveyasmple interface and learning
methods along with a good source of knowledgeddility awareness. The NFP model
for the application should also cover all variaiand have the ability to handle
exceptional cases to satisfy all of its potentsdrs. Generally couples will use the
application every day; therefore application uségnaction design should satisfy major
Human Computer Interaction (HCI) issues. Also tprave user experience the
development strategy must have an iterative praoesontinuous feedback and
modification. The data entry system in the appefaeryday has to be quickly accessible
so that the application can be operated everymaynminimum amount of time. On the
other hand regardless of the device data repraganta the application the interface
should be designed to bring a clear picture ottireent status of the menstrual cycle to
the users.

To implement the Marquette Model for NFP we hageeadoped an iPhone
application that we named muFertility. It is fund®da grant from the Institute of

Natural Family Planning at Marquette UniversityeWarquette Model used in the



application is a combination of hormone based noositbasal body temperature and
cervical mucus as indicators of fertility. In thigesis we mainly focused our discussion
on the design considerations and how we addrebssd tvhile implementation. We also
discuss how the user feedback based developmerel maatributed throughout the
development process and improved the applicatitanfaces from the user’s perspective.
We also discussed how we have implemented thedenesl issues and the way these

issues solved the problems in real life.



CHAPTER 2: BACKGROUND

Natural family planning has been practiced sinagean time. It is found that
early Greek Physicians practiced a form of natiaalily planning method. The Greek
physicians were able to define fertile and saféopesf women. Also many types of
potions and behaviors for the purpose of contraceptere prescribed by the Saraons.
Anthropologists also found use of natural signgedility in ancient African aboriginal
tribes and Australia. Natural Family Planning iscapracticed among traditional Jewish
because they found it religiously influencing. Etwexlly the world of NFP gave rise to
the monitoring cervical position and mucus in thedern age. The World Health
Organization conducted studies to further validageefficacy of these new methods such
as the Billings, and Kipply's methods. In the 18710f. Thomas Hilgers begun to do
research on the Billings Method and created thigsstally validated Creighton Model.

2.1 NFP Methods

There are several biological markers for NFP. Seleof biological markers
depends on accuracy, cost and ease of use. Amengartkers cervical mucus is most
focused. At different stages of menstrual cyclertheeus can be clear stretchy and/or
lubricative (slippery). The self-measurement of tin@ary luteinizing hormone (LH)
surge is another widely used and available markegrblity. Self-measurement,
however, requires use of test strips for urinasags and/or fertility monitors and
renewal of test-strip supplieBhe basal body temperature (BBT) method is lessrate

compared to other two methods.



1. Calendar Rhythm: Calendar Rhythm is based on tigtheof the shortest and
longest length of the past cycles. This methodmgaratively easy to use but
has less accuracy.

2. Basal body Temperature (BBT): This method is fokovby tracking the daily
waking temperature of women through her menstryekec

3. Ovulation method: Ovulation method requires traghime characteristics of
Cervical Mucus. The patterns of cervical mucus lmacategorized to
beginning, peak and end of the fertile cycle. Thisne of the complete
indicators of fertile phase.

4. Sympto-Thermal methods (STM//SM): It is a combioatof BBT and
Cervical mucus (Ovulation method)

2.2 Marquette Model for NFP

To ensure the reliability and efficacy of NFP fdrypicians and their patients
NFP methods mentioned above need'’s to provide eealéor their efficacy and
usability. Unfortunately all the methods and threlated calculations are complex for
couples to follow everyday for themselves. A be#tigproach is required to make the
methods applicable with defined calculation andedent circumstances. The Marquette
Method (MM) proposed by College of Nursing Instiwtf Natural Family Planning is a
new system of NFP that utilizes one or more ofitiodéogical markers of fertility [14]. It
combines electronic hormonal fertility, basal béeyperature, and changes in cervical
mucus. A woman'’s menstrual cycle can be divided thtee phases pre-ovulation,
ovulation and post-ovulation [8]. During the phaséa woman menstrual cycle a man

and woman together are fertile for only 6 days. filmeng and length of these six days



(also known as fertile window) for ovulation carry&om cycle to cycle. Post-ovulation
phase is the most stable phase of a cycle; whereasvulation phase is the most
variable phase. The calculation for the beginnind @end of fertility differs for the first 6
cycles and for the cycles after first 6 cycles.
e Beginning of fertility
o For the first 6 cycles: fertility begins on day 6
0 After 6 cycles: fertility begins on peak day oftléscycles minus 6 days
or days for first high or peak reading, whatevenes first
e End of fertility:
o For first 6 cycles: Fertility ends 3 full days aftpeak” day
o After 6 cycles: Fertility ends 3 full days afteethast “peak” days of the
last 6 cycles

or last peak days plus 3 full days of current cydatever comes first [8]

Variability of Fertile Window

Figure 2.1: Variability of menstrual cycle phases

2.3 Online Cycle Monitoring



The Marquette Institute of Natural Family Plannivags developed online fertility
monitoring system. Over 3,000 women have or anegusie online fertility monitoring
system. They have online discussion board to hamgarsation with the health
professionals and NFP consultants. This systemegutd users for avoiding or achieving
pregnancy and also increases their fertility knagkefollowing Marquette Model (MM).
In the online charting system women can monitorpiases of their menstrual cycles,
their estimated fertile window, and other signd thaght indicate health problems (e.g.,
unusual uterine bleeding). The users are alsotabteonitor symptoms and notes every
day. With the user input the system calculatedahdity window and indicates it with
color. All cycles are saved in database; theredouser can view their past/completed

cycle history.

Online Charting System

u ity Institute for Family
Online Charting Tool

LLLHHHHHHPPHLL[L

LLLLHHHHHPPPHLL|

Figure 2.2: Online charting for Marquette Method

The online fertility tracker also has a discusdimmm where registered users can

share their cycles and consult with fertility exgeprofessional nurses and physicians.



CHAPTER 3: RELATED WORK

The demand for Natural Family Planning and fetititonitoring (in particular
for couples wishing to achieve pregnancy) is insigga A mobile fertility monitoring
device with smart touch screen also makes it essienplement for end users with
complete functionality. There are not many insiitug or health centers that already have
mobile applications for NFP. The two top mobile lgadion market places, Apple’s
Appstore and Google’s Playstore for app, have feplieations for NFP. Most of the
applications in the market places are publishaterapplication market places in recent
years. We are discussing some top application artiang.

3.1 Kindara Fertility Tracker

Kindara Fertility Tracker is an iPhone applicationKindara Inc [10]. The
application has a very simple data system. Theay @isvide fertility education to
increase fertility awareness. Within one year dtfteir first launch they already have
more than 200,000 users. The application requi@stimhy and yearly subscription
charge. With Kindara application a user can onlyitao their cycle cervical mucus or
BBT.

3.2 Fertility Friend

Fertility Friend by Termits Web Services Inc. igyweice and clear application
[11]. It uses calendar based method for ovulatimarting. It also contains education
materials to increase the knowledge and confidehds users. This application saves its
data to cloud. But to always keep in sync withdhéne data, users needs to be online

while using it. It has a unique functionality cycdemparison where user can compare
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two or more menstrual cycles. Additionally withglapplication it is possible to track
and chart weightThis application particularly provides a lot of fitionalities to its
users. To provide a lot of functionality it is tdutp use the application from the beginner

level.

o Simple | Research Secondary Cervical | . . .
Application | Calendar screen | evidence BBT LH Estrogen MUCUS Simplicity
Kindara
Fertility Yes Yes No Yes No No Yes Medium
Tracker
Fgrtlllty Yes No No Yes No No Yes No
Friend
Monthly Yes Yes No Yes No No No Yes
Cycles
muFertility Yes Yes Yes Yes Yes Yes Yes Yes

Table 3.1: Fertility applications comparison

3.3 Monthly Cycles

Monthly Cycles from Deltawork is also a widely ddeaded application [12].
They have both iPhone and iPad version. The agjgicdesign is very simple and
intuitive. The application is unique because alide to make prediction for end of the
fertile window and end of current cycle. Becausé@o$implicity the application is
highly rated by its users.

All the applications discussed above have vergralgerface design and are used

by a great number of people. Still none of the i@ppibn mentioned above are collecting
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all the major fertility indicator parameters. Al everyday use the data entry system is
comparatively complex from multiple data input gash view. The applications which
have simpler data entry methods have no way to detail data status whereas
application that are providing a detailed data viwe complex data entry methods. A
better method is also required in the field of NR& is capable to consider all variability

of fertility indicators and can be used as a singgplication.
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CHAPTER 4: OUR APPROACH FOR DEVELOPMENT

An entire smart phone application fertility monitay system was developed with
a combination of screens and a complete navigaistem among those screens. To
follow the Marquette Model which is a combinatidrhormone based monitoring, basal
body temperature and cervical mucus based methetiawe used agile development
method that followed continuous feedback collecfrom its end users. We made the
application interface versatile so that we can méze the most of the user’s satisfaction
or willingness to use the application every day.

There are some major design considerations th&iawe listed to make the
application match with its user emotion and implatibe Marquette Model in an
efficient way. After implementing the backgroundaebfor the application we provided
it to the users and listed their feedback. Addaibnwe have considered how feedback
from the users changed over time. While the apjtinalevelopment cycles running we
found focus for users’ feedback for the applicattbanges overtime. At the beginning
the users wanted the details of each control irmgpication but their expectation for
details reduced because they have already usegbtieation. When a user gets used to
an application they want the navigation systemuicldy access the most commonly
used screens.

We viewed user experience from two perspectives veay is viewing data and
another is the data input system. At the beginointpe study he primary focus of the
users was to the presentation of the data. Whengibieused to the application they
become more focused to wanting a simpler data eystem. They started to focus on

the decision of avoiding or achieving pregnancyertban the data representation and
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fertility indication data view. The application ftre NFP system is supposed to be used
for daily data entry. A system with only proper ¢tionality is not enough rather people
who are using the application need to be connesittdthe application emotionally so
that they use the application everyday with satigfa. It is also important to make users
feel that the application is reliable and meet# tivepectation as a tool for their family
planning needs.

We have developed the application with user feeklbased iteration. In general
from the users’ feedback we found though they tteelimportance of application data
view at the beginning of their use of the applicatiover time they get more interested in
simplicity of data entry system. Usually once tbeftdence level is obtained that the
application will provide necessary information t® user they started to put less focus on
viewing the detail of data they have entered. Sonade every data entry simpler and
put current day data entry button on the home sar@er than putting the calendar
view.

One of the key features of the Marquette Model amitoring BBT. Monitoring
the menstrual cycle with BBT is complex comparedtteer fertility indicators because
there can be many reason that results in chanigedyf temperature, e.g., stress, lack of
sleep, and illness. Also the measurement of tenyoeraeeds to be accurate because

calculation for fertility window can vary with atlie change in temperature.
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Figure 4.1: BBT curve for coverline method

We have followed the coverline method for monitgrBBT and determining the
significant shift in temperature that indicates lation. The Cover-line Method is
determined in the following manner:

1. Women need to use good (accurate) digital thermemtetrecord waking
body temperatures for 10 consecutive days (begiywith the first day of
menstruation). We locate the highest of these ¢6rdings and above 0.1
degree Fahrenheit (Centigrade) of that temperatardraw a line

2. The woman continues to take and record temperaftaeeBBT will
eventually rise above this coverline.

3. After the night of the 3rd consecutive temperateord above the coverline
women will have their infertile phase. If one oéttemperatures falls below
then you should begin again to observe 3 consextagimperatures. [7]

The bridge between an application and its userpdragn through it user

interface. The satisfaction of an application dejseon usability that is related with
effectiveness and efficiency of the application &mtet users perform a particular task.

To be more specific about mobile application usgriace and interaction design a big
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challenge is fitting all the controls in the smabereen of a mobile device. At the same
time to meet the user expectation to perform etesk the way they want. The
application interface has to be intuitive and ablprovide all functionalities. Positioning
of buttons views and panels not necessarily needseet the efficiency rather it has to
meet user’'s expectation and it has to incline gersuto the application emotionally.
While designing all the screens and navigation et khis principle on high priority.
There are more than 20 screens in the applicatidoding some screens with only text
instructions. Among all the screens we considavwawith great importance since users

spend almost 80% of their time with these scredmtewhey are using the application.
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New Cycle

All Cycles —i Cycles List

Quick
Informations

—

Data Entry Symptoms
BET Curve Notes
Tampon &
/ Ad Pads
Help &
Instructions \ About
Settings .

Figure 4.2: Navigation tree for muFertility

4.1 Home screen

The home screen is designed as a single pointesatipn for users of the
application. We have provided input buttons for trpagoular inactions. We have a
circular shape to give a quick graphical repregsemtaf the current menstrual cycle. In
the graphical presentation we display a maximudi2odays length cycles. Less than
10% of women have their menstrual cycle greatar #fadays. Having 42 days makes it

clearer to view and understand. We have providgdgle tap button to enter data at the
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center of the home screen. When a user gets uskd &pplication they use the home
screen more frequently because they only wantndéirco the status of their fertile
window. The two main purposes of monitoring the steral cycle are avoiding or
achieving pregnancy. We put the status messagepoof the screen and highlighted it so

that the user gets a clear idea about the fertitedaw regardless of their intention.

avoid COMPLETE
PREGNENCY CYCLE

c

CALENDAR

) 7

SETTINGS APP CENTER

Figure 4.3: Home Screen

While using the application couples can change thension of charting in the
home screen. If a user taps on the “avoid or aehpgggnancy” button they will be able
to change their charting intension in the middl@afycle. A user can also complete their
current cycle. We provided a complete cycle quioteas button in the home screen.

4.2 Calendar Screen

The calendar screen has four layers of view: stagér, graphics layer, cell layer,

and indicator layer. The scroll layer is providedstroll through all 100 cells of a cycle.
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The calendar cells layer contains all calendas@sbkociated with single tap and dot
tap action. The 2D graphics layer draws the feviledow around calendar cells to giv
clear indication of the fertile wirow. The toplevel cell data contains two indicators. 1

two indicators are for fertility indicators andentourse

Cell data indicators

2D graphics window indicator -

Calendar cells

SCFO”pane / _ s ');-

Figure 4.4: Calendar functional distributed I

People are more used to see graphical representatizer than raw data valu
We are showing graphical images on each cell. It m#kesells look busy that make t
user confused and getting the real idea aboutriganal data. We have separated
intercourse indicator and show it at the top positf a cell. Having intercour is not a
fertility indicator but intercourse information farday is important because it is direc
related to the issue of avoiding or achieving pegmgy. As we know, having intercout
within the fertile window will result in a high chae of achieing pregnancy and havir
intercourse outside the fertile window is safedwoiding pregnancy. The calenc

screen also includes a button to view the BBT dowvecurve



19

Cycle Complete

Selected Cell

Fertile window

Scrollable
Calendar panel

Quick data
display

BLEEDING Control Menu panel

SECONDARY LH INTERCOURSE

ADVANCED DIGITAL TEMPERATURE 98.0

Mucus SYMPTOMS »

Figure 4.5: Calendar screen panels and col

The dimension of a cell is an ilortant issue. While designing the cell dimens
and other properties we have to consider two nfafis, we have to show as many c
at a time and we have to maintain the minimumsie# so that users will be able to
the any cell with ease. Acding to apple’s Human Computer Interaction guidetime
dimension for any tap area should be minimum 42Mat.kept the minimum siz
standard and provided scrolling to view rest of¢hks

A cell is associated with two actions. A user cawthe dat for a cell or they
may want to enter data for that day. The singleatzn for a cell is associated with d
view at the bottom of the calendar cycle so thaser doesn’t have to navigate av
from the calendar screen when they view data fgrcgxle day. Data entry functionali
is associated with double tap action. The datayduatrctionality has to be associal
with every cell button because if we give anothgtdn for this purpose it may confu

the user. With any button other than the itself users have to change their focus fi
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the respective cell to that button and have to nibee fingers to tap. That's why v
brought the double tapping functionality. But theuble tapping functionality he
problem itself. Smart phone users art generally used to with double tappi
Therefore we are showing a message to the usey ewer they are single tapping t
button. This makes them adapt to the double taptimmality even if they don’t have ai

idea about how to go to the data erscreen.

Fertile window

Intercourse

Status level color

Monitor
Secondary LH
Mucus
Advanced Digital
Monitor

Figure 4.6: Cell graphical indicators in de

At the primary stage of the application design vegaxshowing all the fertilit
indicator data with graphical representation. Simgwnultiple indicator data in a sing
cell somehow makes the @earance of the cell complex and difficult to intetp After
getting the feedback that users are getting codftreen the data representation
changed the original design and combined all friihdicator data in one disple
parameter. We combinehe data from the hormonal fertility monitor, thesedary LH
test, the advanced digital monitor and cervical msuato a single graphical indicat
The highest fertility level from any fertility indator receives the priority rating ama

the input daa of all the parameters. It gives the user a ¢t about the hormone sta
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for that day. The opportunity to view the data afte parameter is still available at-

bottom of the calendar screen when the cell islsitagpppec

L

Figure 4.7: Colorhade for different bleeding level

Menstrual bleeding levels indicated in the cellthvéa shade of red color. T!
shade on a cell gives a clear idea with a simplk &o that user gets idea about data |
without looking at the detail of data status the calendar screen fertile window is &
indicated with a graphical layer that draws a lidoederline around the cel

4.3 Data Entry Screen

The data entry screen actually gives the userppertunity to input differen
fertility indicator data. Al the indicators have their different panels. Eveayel has
title indicating which parameter it is used for.tBantry screen is made scrollable tc
the different input paramete

The hormonal fertility monitor in the data entryesen actually cllects the status
of the Clear Blue Monitor Data. The Clearblue HiggtMonitor is a small batter
operated device [10]. It has a small window thatvtes the information for the curre
cycle day and the fertility status. It has a stotfértility test sticks for the levels of tl
estrogen and LH hormones. If the couples are citausing the Clearblue monitor
monitor the daily fertility status of their menstiicycle they have to use this indicato

the data entry screen. The monitor hase levels of fertility (Low, High and Pes
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Fertility). To enter the data the user has to symg@b on the level button. The buttons

designed with the monitor screen ph

Cycle 07-22-2013
INTERCOURSE

With
No Yes ; Withdrawal

SECONDARY LH

BLEEDING

Number of pads used

EEB0,

ADVANCED DIGITAL

SYMPTOMS

TEMPERATURE

Figure 4.8: Data entry screen

The secondary LH panel is used to input dor secondary luteinizing hormo

with use of an ovulation predictor kit. If couplas following secondary LH for chartir

their menstrual cycle they have two buttons a plga (+) for positive and a minus si

for negative (} to input results. The sondary LH panel also has a clear data button

quick information button. The clear button is para to clear the data entered for a

Figure 4.9: Clearblue monitor
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To monitor ovulation and the fertility status ofreenstrual cycle, Swiss Precision
Diagnostics (Geneva, Switzerland) the makers ofdearblue Easy Fertility Monitor
has introduced a new device called the ClearBlueaAded Digital Monitor. In our data
entry screen we also have a panel for the AdvabBegital Monitor. The Advanced
Digital Monitor shows three kind of result on itseen, normal, flashing smiley face, and
smiley face. The normal face equates with Low ligrtithe flashing smile with High
fertility, and the fixed smiley face with Peak fety. We have provided three buttons

with respective images like the Advanced DigitalriMor to make it easier to data entry.

Figure 4.10: Different level of cervical mucus

Monitoring Cervical Mucus is one of the popularthozls for fertility charting.
We have included Mucus as the fourth panel in #ta dntry screen. Like the monitor,
mucus is rated as L for Low, H for High and P feaR based on the characteristics of the
mucus. Each mucus button has a respective imagditate how to rate the Mucus
status. Like other panels Mucus also have a clat@a @ahd quick information button.

Basal body temperature is a unique data entryadettnere the user has to select
a real temperature value for data entry. With tarmpee data entry a user can follow
Basal Body Temperature (BBT) method. In the tempeegpanel we have a plus button
to increase and a minus button to decrease thestaope value. The changes the

temperature 0.1 decimal value of the Fahrenhelescaoth Fahrenheit and Celsius
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values are displagd in the panel. The default value for temperaisiset to 98.¢
Fahrenheit scale.

4.4 Symptoms and Notes

Monitoring menstrual cycle symptoms is also impatrfar special situations. |
the symptoms window a user can select single otipheisymptomshey are having o
that particular day. Listing all symptoms needstaf space in the data entry screen.
this reason symptom data input screen is sepairatedifferent screen. There are th
categories of symptoms which are grouped in a tabw in the symptoms screen.

user can also save any special notes for each dgy

uill ATET = 6:18 AM

07-22.2013

PHYSICAL SYMPTOMS

Bloating/weight

Breast tenderness

Headache v
Swelling

BEHVIORAL SYMPTOMS
Appetite change
Decreased interest

Poor concentration
Sleep disturbances

Social withdrawal

Figure 4.11: Symptom screen

4.5 Evolution of Interface Designs

There are two ways of interaction for touch basedrs phone applications Swi

based and Tap based. We have used tap based desigwhere. We made every u
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interaction tap based so that users will not gafused about whether to have any
functionality with swipe. We took feedback from tse all iterations of development
and followed significant recommendation to imprake fertility monitoring application.
Initially we designed the home screen as a contieriu home with a set of buttons. After
launching the first release we found the followisgues from the users.
e Calendar screen is too complex to understand wafinek look
e For everyday use there is need for only one cdliéncalendar among all the
100 cells

e Everytime a user opens the application, they hag® to the calendar screen
and select the current day cell and then entedéale from the data entry
screen

To solve the issues, we have modified the homeeaciEhe current day data
entry button also shows a graphical representatiohe calendar screen. The calendar
screen has a lot of focus and design consideratiecause this screen is most frequently
used. We have updated the calendar screen phadebg according to the analysis of
user feedback. At the beginning of the implemeatathe calendar screen was very
simple and showing fertile window with its color.

In the second version of design we associatedtddtee calendar cells. We
showed Monitor, Secondary LH, Mucus and Intercouwedaes with small graphical
images on each cell. Associating graphical imagdselal users a lot. Application users
no longer need to tap on any cell to view the aased data. However this presentation
system is complex for general users. Finding afdinage indicators makes them

confused and they were unable get the clear pictutiee data they have entered.
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4.6 Handling Fertility Notifications

There are several special situations in which datared for a menstrual cycle
might indicate a condition or menstrual cycle vhility that they need to consult with a
professional nurse or primary care physician. Weehiendled the following conditions
in the application:
e Short Cycle & Long Cycle: This kind of conditionarconly be identified when a
cycle is complete. Usually a cycle length variesrfr22 to 42 days. If any couple
are having cycle length shorter or longer than Lisungth we consider it as a
special condition
e Unusual Uterine Bleeding: In a menstrual cycle tileg (i.e., menses) occurs in
the first three to seven days, Any bleeding aftdays is consider as unusual
bleeding. The user is notified with a messagedf/thre having unusual bleeding.
It is especially important to indicate unusual dieg inside the estimated fertile
window. We indicate bleeding in a fertile windowtiwred borders. The deepness
color shade of red border indicates level of blegdi

4.7 Database and Controllers

As we are using phone based application we saveldtl in a local database. We
have used SQLite database engine. All databasatupes are done using MVC
technique to keep functional logic and data acopssations separate. To make the
application version for iPad or even an online dgtac option it will not require too
much further development. When the calendar sappears the controller requests a

database for updated data and refreshes the sertenew data. The parameters which
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are related to the entire cycle are called cyctamater. There are four cycle parameters
which are significantly important for any cycle.@de parameters are:
e StartFertileWindow: the first day when a womanegife in a cycle
e EndFertileWindow: last day when a woman is feiitil@ cycle
e EarliestPeak: the cycle day when first Peak
(Monitor/SecondLH/Mucus/Advanced Digital Monitoryaurs
e LatestPeak: the cycle day when last Peak occurs

Calculating cycle parameters is the most imponpant of the entire application because
it actually determines whether a woman is fertii@aot for the current day. When any
change made in the data entry screen all the pgrlemeters are updated.
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CHAPTER 5: EVALUATION

The Marquette Model of NFP provides the user amapif monitoring fertitly
with a combination of a hormonal based electrdeitlity monitor, cervical mucus
based monitoring and/or basal body temperature toramg. It was a challenge to
combine the functionality of all these fertility mitoring methods and at the same time
making it simple for any user who doesn’t have kleolge of NFP.

It is important that user gets a clear view of nterad cycle length, the start of the
estimated fertile window and the end of the femiiedow. We have calculated the start
and end of the fertile window when any data is geah In the calendar screen we have
colored the entire fertile window with dark bludam it distinguishes the fertile window
clearly from pre-ovulation and post-ovulation peridnother purpose of the calendar
screen is to provide a clear indication of the hmmmstatus. Rather than showing each of
the vital sign parameters separately, the systaomnatically combines values from the
electronic fertility Monitor, the Secondary LH, @a&ral Mucus and the Advanced Digital
Monitor and provides a simple representation of thagay fertility status.

5.1 Different Features

The development approach for muFertility app fokalexperience and feedback
from several experts and users to help increasstmahcycle accuracy and a
satisfactory user experience. It also uses ematised user interface design. This makes
the muFertility unique compared to the existingesesh based fertility applications. A

simple but effective navigation system for the a&agtion is an important issue to make
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users comfortable. We used a navigation contratienake the navigation system simple
and quicker.

5.1.1 Background Research

This application follows the well researched awidlence based Marquette Model
which has research evidence for its effectiveneffisiency and accuracy.

5.1.2 Feedback Cycle Based Devel opment

We have followed the agile method for developm@&he end users are the
population who can contribute the best feedbacki$er experience. We provided the
application to end users for 12weeks and modifiedatpplication with user requests.
This makes the application more acceptable. We hkeecollected feedback from a
physician and advanced practice professional nuvkesh ensure the effectiveness of the
design from health specialist’s perspectives.

5.1.3 Home and Calendar Screen Together

The application has both single screen based a&eicalendar based detail view.
Users can use the application at the same timguiock data entry and detail analysis.
Supporting both design concepts in a single apjibicancreases user satisfaction.

5.1.4 Smplicity

We kept presentation layers simple compared t@tbeided functional feature
we have in the application. To provide the simpfian the application we have

introduced a unique method combining fertility icatior data for fertility phase
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calculations. The combined parameter ensures #efusultiple fertility indicators and
valuation of all parameters together.

5.1.5 Completeness

A keen question to our test users was “Does théagtion fill its need?” To
answer this question we have collected a good nuofbeew features request and
feature enhancements for every iteration of thilifgrapplication. At this stage of
development we were able to meet the testers’ stgseiccessfully. However, there still
are functionalities that were requested that nedzbtadded. One of the most commons
request is to have internet based data synchramizahich ensures data safety. The
following table demonstrates how new user requeste solved at every release of the

fertility application:

Release No._ of No. of design | New functional| New design
. functional .
Version . issues feature feature
issues
14 4 18 2 8
5-8 7 5 4 4
9-12 3 4 1 1
2 2 1 0 0

Table 5.1: Release issues

5.1.6 Focusing on User
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The most common users of the application are esuf@specially women). To be
more specific most the targeted users for the egpdin are women over 22. We
designed the application theme and controls (batémd other action inputs) considering
it as a priority. We provided softer contrast, wallented controls, and buttons with

pictures so that the user interfaces match with es®tion.
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CHAPTER 6: CONCLUSIONS

The muFertility application is published in the Apgre and we are hoping that it
will be used not only all over US but also all otee world. The purpose of the
application was not only to provide a usable apyion for NFP but it also spreads the
knowledge and awareness to its users. Another parpbthe application is to bring the
confidence at social level that NFP is the best feayamily Planning. In a broader
sense NFP is the method that increases the unaddirsgebetween men and women.

6.1 Summary

In this thesis we have presented muFertiliy apgilbm which brings the
Smartphone technology to provide NFP for couples.NAve started our development
following the Marquette Method of NFP using genét@ll considerations. Though the
development process we have improved the applitaisign from user feedback. The
modified application is able to satisfy its curreisers. The next step from the NFP model
perspective is to analysis user feedback and @akmlildata to improve the accuracy and
efficiency of the application.

6.2 Contributions

The main focus of the muFertility app was to b@itdapplication that is able to
provide NFP functionalities to aid couples to avoidachieve pregnancy. At the end of
development this application is able to provideithplementation of the Marquette
Model in a hand held smart phone type device.dtss capable of handling the
variability and special cases like short or longleg and unusual bleeding etc. With a

user feedback based design we are also able tofyjdemme major Ul design
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considerations that get priority from the user pecsive. This is the only application that
follows Marquette Model of NFP and combines hornmiananitoring, basal body

temperature monitoring and cervical mucus basedtorang in single application.

6.3 Impact

Though this application is focused on NFP andfedl the Marquette Model of
NFP, but we are able to bring contributions that loa followed for any mHealth
application that requires daily data entry. Theliappion is predicted to satisfy couples
who are searching for a simple and reliable apptingor NFP. The application also
integrated with basic NFP knowledge; thereforeapglication has the potential to
spread the NFP knowledge not only to the couples avh interested to NFP but also the
couples who are searching for learning more abéR.N

The application design reflects the user satigfadiecause its presentation layer
has a big contribution from end user feedback. hnoader context the design
methodology brings the new mHealth application ttgu@ent strategy that promises to
keep satisfying user expectation.

6.4 Future Work

The Marquette University College of Nursing Insté for Natural Family
Planning already has an online charting methothérfuture we are planning to create a
new iPhone application which will have the samehmods and user interfaces but
additionally it will be able to synchronize all dab the server. This online system will
have all data save to a cloud based system sa tsdr can login from anywhere and use

any device to access their data. Also data fousiees will not be lost if they lose their
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mobile device. There are four level of applicationctionality is predicted for future
work. In this thesis we have only discussed aboeibiasic version. The next level will be
data synchronization with online system. The thaencel of the application can be
integrated with consultancy with NFP experts, ptigsi and nurses it can also have alert
system for fertility notifications. Additionally tprovide proper support, next level will

be having social networking system where app usiéirbe able to share their calendar
or current status.

The data from online system will also be a goods®tor research and analysis
to increase the efficacy in avoiding or achievimggmancy with Marquette Model.
Another future work with the current system caralf&MS based version that can be used
for Title X users of proposed government fundee fseone. The complete NFP app
system will not only be a perfect tool for NFP sskut also be a part of spreading the
knowledge and interest in use of NFP to couples aremot yet using NFP for their

family planning needs.
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