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Abstract. Smartphone applications (Apps) provide a new way to deliver
healthcareillu strated by the fact that healthcare Apps are estimated toupake
over 30% of ew Apps currently being developed; with this number seemingly
setto increase as the benefits become more apparent. In this psiperthe
development of an In Vitro Fertilisation (IVF) treatment stress stygly & the
exemplarthe alternatives of Native App and Web App design and impleme
tion are considered across several factors that include: user intedaecof
development, capabilities, performance, cost, and potentialemnebDevd-
opment for iOS and Android platforms and a Web App using Jaypa2nd
HTMLS5 are discussed.

Keywords: Web Apps, Native AppsmHealth, Ecological MomentarysA
sessment, User Interface, User Experience, JavaScript, HTML5, Android, iOS

1 I ntroduction

Smartphones are becoming the central computer and communication idepame
ple’s lives offering multiple means of interaction via many built-in sensor tyueh
as accelerometers, gyroscopes, GPS, cameras and microphone [1]. MdphSnes
are now integrated with Wi-Fi, Wi Direct, Bluetooth and NFC networking Gap
bilities which also enable them to connect to external sensors, devites@ous
networks. These capabilities are enabling new applications in, for exanepéeethof
healthcare [2, 3], transportation [4], retail, banking and envirotahenonitoring.
Healthcare Apps build upon earlier work in telehealth, mobile computidgprana-
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sive computing in healthcare settings [}, Application areas for Smartphones in
healthcare include education and awareness, remote data collection, riocatiow
and training for healthcare workers, disease and epidemic outbreakdraokl dig-
nostic and treatment support [7].

This paper describes the design and development of a Web App andtiven Ajbgos
for use in a prospective observational study whose aim is toiegavhat psychas
cial factors influence distress levels in patients throughout the ducft@r e cycle of
In Vitro Fertilisation (IVF) treatment. The study uses a number of questi@s
which ask patients to report their health status in relation to their infesditlyits
treatment. The patients need to be signalled to complete the questi@tmhiferent
time points throughout the treatment process. To supporiatBisiartphone applé
tion (IVF App) has been designed so that, at each selected timetpeipgtient e-
ceives a reminder to complete the set of questionnaires. One of the quésthas
different questions presented on different ddyach time they complete the e
tionnairesresponse data is sent to a server for analysis

2 IVF Treatment Stress Study

This study aims to examine what psychosocial factors may predict lewdigress in
women who are undergoing a cycle of In Vitro Fertilisatibdrmethodological wda
ness of past research within this area relates to the timing and impéeiowe of the
distress measures which, to date, have tended to be administered atremgleints,
often before treatment commences, using conventional paper-based nj8ihods
cycle of IVF treatment generally consists of three stagewn regulation; stimal
tion; and embryo transfer. Each stage is characterised by differesicghgnd pg-
chological demands upon the patient. For example, the down regulatioriranid-st
tion stages routinely entail self-administering drugs via injectidngtwoccurs whilst
patients ready themselves for the emotional and physical burdemsi@fgoing the
embryo transfer surgical procedure. As such, each stage oé#enémt is considered
somewhat separate and indeedoes appear that they differ in the extent to which
they lead to patients experiencing distress. Therefore, administericgogsgial
measures at a single time point fails to adequately capture the considetebbegh
neity in which patients will respond to different aspects of the tesatpnocess.

The over-reliance on single time point measures within the literaturbeessbased

on the premise that it is necessarydduce the degree of potential burden that-
cesive paper-based questionnaires or diaries may confer. Therefore, it is tracial
novel approaches must be user-friendly so that they optimaltyreapsychological
distress throughout the stages of the IVF process in ways thahisentihis burden.
Alternativesto pgper-based diaries include Personal Digital Assistants (PDA) and



more recently Smartphones. The methodology underpinning the usehofrgthods
is commonly referred to as Ecological Momentary Assessment (EMA) [9]

Within this study, patients are signalled every two days at varying pioints. The
facility to vary the time points of patient signalling confers an advaritagjet ce-

tain moods may become entrained to particular routines and times ¢1@agnd

thus impact upon the levels of distress that are subsequentlyeckparfurther d-

vantage of a flexible signalling facility over and above the use of gagssd mét-

ods is that the response delay (i.e. the time it takes to respond tgriakasid con-

plete the task) may also provide an indirect measure of response rgligbilie-

sponse that is too long after the initial signal is susceptible to retrospeatiil bias
and thus compromises the central tenet of EMA 1Y, Another significant d-

vantage of the method is that data is transferred to a secure sedviuarstrem-

lines the data collection and storage.

3 IVF App Design

In order to design the IVF App, it was necessary to consider trexatiffviewpoints
of the developerclinical researchers and users (i.e. patients).,Rrsmall survey
was conducted to gather information from the IVF fertility clinic at the Quétsd-

cal Centre in NottinghamFor this a questionnaire was designed to examine

smartphone usage in order to gather information for the IVF Apgrdesid devie

opment. 76 females attending the fertility clinic for IVF treatment completed the

questionnaire and the findings are presented in Table 1 below.

Phone Model Frequency Percentage
i0S 31 41
Android 25 33
Symbian 11 14
BlackBerry OS 9 12

Table 1. User phone models survey result

As reported in Table 1, the majority of the patients use the iOS amhloidn

smartphone platforms, representirgyo of the total. It was therefore decided that the

IVF App should be developed on both platforms to optimise the nuaflgatients



included in the study. Furthermore 80% of patients reported faityiliavith
Smartphone Apsand use of the phone for internet access. This is important because
internet access is required for transfer of the patient responses to tteessrwarA

related question therefore was whether internet coverage wtadeihin the patient’s
contract to determine if this would result in additiorabense to themB2% of -

tients reported that their internet coverage was covered by their contract agreement
with their air time provider. To inform the use of any signallingchanism patients

were asked whether or not they used an alarm facility on their mobileplvath

92% reporting that they did, so indicating that it could be incorporated intvihe

app design.

The purpose of the IVF App is to measure distress by askingatients about their
current mood and feelings of stress with measures taken evedatso The patients
are askedirst “How stressed are you feeling right riband then to indicate whether
this stress is related to their fertility issue in general and/or the |VFneaattself
These questions are designed to measure conscious mood, that is, feelatigg to
fertility and the treatment that the patient is aware of. The secondie¢tigkred via
the IVF App is designed to capture the extent of unconscious stresstitmg may be
experiencing8].

One instrument designed to capture unconscious mood is the IPANRThat e-
quires respondents to rate the extent to which a nonsense word represetsds
like a particular descriptive. The descriptives used within this IVF study wapext
from those used in the original IPANAT so as to represent feetimge closely e-
lated to the experience of infertility. Patients are asked to what extenbribense
words SAFME,VIKES, TUNBA, TALEP, BELINI and SUKOV ‘sound like’ the
descriptives CALM, TENSE, UPSET, RELAXED, CONTENT and WORRIED. Only
one nonsense word from the list of six (SAFME, VIKES, TUNBA, TALBELINI
and SUKOV) was presented to the patients every two days. This was tqpeesad:-
ing the full IPANAT which it was considered would have been admro the p-
tient. Presenting one word at each time point also allows for changes intonbed
assessed over time

31 IVFWeb App Implementation

Web Apps are application programs that can be accessed over the intermgt ghrou
Smartphon& web browser. Web Apps enable information processing functions to be
initiated remotely on the serveA Typical Web App consistsf: a client layer; appl
cation layer (on a server); and database layer. Based on the surveys pageif-

ferent smartphone platforms such as iOS, Android, Symbian and BlackB&rry
Therefore we initially decided to investigate the possibility of buildiged App to
support all phones with a web browser which would also reduce dewehbpime.
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Fig. 1. Screenshots of IVF Web App implementation on Android and i®hon

Screenshots of the Web App implementation (with Android and iPdispéays) are
shown in Fig 1The basic questionnaire of the IVF treatment stress study was-impl
mented using HTML5, JavaScript and jQuery Mobile but it was notilges® im-
plement a sensible continuous signalling mechanism for differenpiiinés, because
Smartphone notifications and persistent data storage features are nallynantes-

sible through web technologies (i.e. HTML5, JavaScrifitjother possible way of
providing signalling is via SMS from a servealthough control over the response
timing is lost Furthermorea Web App cannot work offline and mobile interneheo
nections (GPRS, GSM, EDGE, HSPA etc.) are often unreliable inside buildings or in
the urban canyon environment and Wi-Fi is not always availaldeagssible. One of

the main requirements for the IVF App is that it should provigaeas (alerts) to the
patient in a predefined time irrespective of the mobile network coverage. f~urthe
more, there was a concern from the NHS ethics committee about the usage of SMS
text mesaging due to data confidentiality. However, since some kind of siggafiin

still required to prompt the completion of the questionnaires it was considetted

to use to an integrated signalling mechanism inside the Native App rather se@n

rate signalling mechanism wigttWeb App. Consequently the Web App implenaent

tion of the IVF study was abandoned.



3.2 IVF Native App Implementation

Native Apps only work on the proprietary smartphone operating sy&tenvhich

they are developed (e.g. iOS, Android, Windows Mobile) and each smartphone
platform has its own development process (e.g., Xcode, Eclipse, Wénkitmlile
Development Tool) and uses a different programming language (e.gti@GbjEdor
iPhone, Java for Android Phones and C# for Windows Mobile). Natppes &Aan be
stand-alone applications without any need server interaction. The followingnsectio
briefly discuss IVF Native App implementations for Android and iOS.

Android Native App implementation

The Android IVF Native App was developed using the Eclipse Android Development
Tool (ADT) plugin with Java programming language. The commser interface
elements (Buttons, TextView, Radio Buttons, Message Notification {JToarsd
Activity) were used from the Android Library [14]. Android Alarrakager
functionalities were used to provide signalling at specified time pointead time

point the user responses (with timestamps) are transferred to the serware when

a comection becomes available, or if there is no internet connection, the data can be
recorded in the phone’s memory.
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MASAPP

SAFME
calm

Doesn't fit at all

Fits somewhat

Please respond to the alarm and
answer the questions by
selecting the ‘Start Your Trial’

@ Fits quite well

Rsver el option below
Start Your Trial

Fig. 2. Screenshot of the Android Native IVF App



iOS Native App implementation

The iPhone IVF native App was developed using Xcode with the ObjeCtive-
programming language with user interface elements (Buttons, Labels, TextField
Local Naotification and View Controllgr from the iOS CocaTouch library [15]. As

no Radio Button objects are provided with Cocoa Teowthndard Button Objects
were customisgto produce a ‘Radio button object. Alarm Manager functionality is
not available to the third party iPhone developer so the local notification mawohanis
provided by the @S was used to provida continuous signalling mechanism for
different time points. Similar to the Android IVF Native App, at each time gbt
user responses (with timestamps) are transferred to the secure sense aiso
recorded in the phone memory. Screenshots are presented in Fig. 3 from the first
version of the @S IVF Native App implementation on an iPhone (hence further tests
may result in a slightly different output).

..... 02-UK 3G 13:06 E  w..02-UK 3G 13:07 =

SAFME
Calm

@ Doesnt fitatall

© rs e bl O
O Fits quite well PREDICT STUDY

Please start the trial

@ Fits very well

You have selected, Fits quite welll

Next

Fig. 3. Screenshots of the iPhone IVF Native App

4 Discussion and conclusions

Native Apps are able to leverage elements of their native operating systiat s
they havea more responsive and attractive User Interface and can be run offiine.
an internet connection is necessary then they can resume the neaessarwith the
server (e.g. file uploading) when the connection is successfully restdtexlrest of
the time, the App can run stand-alone.

Native Apps can more effectively use phone hardware such as accelerogeters,
scopes, GPS, cameras and microphones as well as phone softwardi@pplstech
as contacts and calendar. The IVF Native App implementations used Alarmianag



functionalities, Local Notification features and File Storage accesshwdrie not
normally possible in the case afWeb App implementation using JavaScript and
HTML5. Also, importantly, some healthcare Apps need a high fasampling of

the sensor reading which can be achieved using Native processindaag\ative
Interface in Android) whilst others may need to interface with extermalosg with
wireless communication technologies where access to the native networking relate
native APIs (Application Programming Interface) is necessary.

However, since they only work on the platform they were desigogdpbrting a
Native App across different platforms takes up more resources fordesd®pment
and testing time. In some instances there may need to be a completesign of the
App since different host systems provide different restrictions to thessofeéhad-
ware and software functions.

Web Apps can run on any mobile web browser and can be develspefJavs-
cript, HTML5 and CSS3 so that device-specific customisation can often be eghiev
easily Because of this, the cost of developing a Web App for use adiffssent
platforms is significantly lower than developing multiple Native #&pphis is pa-
ticularly relevant as hardware fragmentation increases and more platforrhdenus
supported However, Web Apps cannot have direct access to the hardware features
and functionalities of the native operating system of the host platfohey can
achieve access to some functions via abstraction using JavaScript &id Bt
generally not all, and this access is platform-dependent. Web Appeaerally less
secure than Native Apps as they requioastant connection with the server where
private information could potentially lmmpromised

In the IVF App development, it was decided that a Web App would ksealgls to
deliver a complete and reliable solution for a stress study using EMA contpared
that achievable viaNative App.

However, the decision to build either Native Appsadeb Apps depends not only
on technical requirements and functional requirements but budget, cesmnr
straints and time. In some cases, a Web App will be technically poasithlso po-
vide the most cost-effective solution. In other cases it will be necessargdncethe
extra cost and effort of producing Native Apps.

It should be noted that Hybrid Apps are beginning to emerge theidp cross pla

form solutions with abstraction via use of the same Native APhatodevelopers
can write Apps only using JavaScript and HTML5. However, hybrid Appg not
currently provide adequate performance compaoeNative Apps due to the ore
head introduced by abstraction and HTML rendering in addition to tleettiraxecute
the native code, although this may be overcome in the future.
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