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Rating Pregnancy Wheel Applications Using
the APPLICATIONS Scoring System

Kathy Chyjek, mp, Sara Farag, mp, and Katherine T. Chen, MD, MPH

OBJECTIVE: To identify the top-rated pregnancy
wheel applications (apps) using a newly developed
APPLICATIONS scoring system.

METHODS: A list of pregnancy wheel apps was identified.
Consumer-based and inaccurate apps were excluded. The
APPLICATIONS scoring system was developed to rate the
remaining apps. Application comprehensiveness was evalu-
ated. Objective rating components included price, paid
subscription, literature used, in-app purchases, connectivity
to the Internet, advertisements, text search field, interdevice
compatibility, and other components such as images or
figures, videos, and special features. Subjective rating com-
ponents were ease of navigation and subjective presentation.

RESULTS: A complete list of 55 pregnancy wheel apps
was created from three sources. Thirty-nine (71%) were
consumer-based, inaccurate, or both, leaving 16 (29%)
for analysis using the APPLICATIONS scoring system.

CONCLUSION: More than two thirds of pregnancy
wheel apps were excluded from our study secondary
to being consumer-based, inaccurate, or both. This
highlights the importance of identifying systematically,
reviewing critically, and rating the thousands of available
apps to health care providers to ensure accuracy and
applicability. We propose that our APPLICATIONS scor-
ing system be used to rate apps in all specialties with the
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goal of improving health care provider performance and
thereby patient outcomes.

(Obstet Gynecol 2015;0:1-6)

DOI: 10.1097/A0G.0000000000000842

LEVEL OF EVIDENCE: 11l

he use of mobile technology by health care pro-

viders is rising given the increase in ownership of
handheld devices such as smart phones, tablets, and
phablets (a class of mobile devices designed to com-
bine the form of a smart phone and tablet). Critical to
the popularity and functionality of handheld devices
are applications (apps), which are self-contained
programs or pieces of software designed to perform
a specific purpose. However, health care providers
are experiencing app overload, navigating the thou-
sands of medical apps in search of useful specialty-
related apps.' Our previous research showed that less
than 15% of 1,800 Apple Operating System apps
were considered potentially useful to obstetrician—
gynecologists.”

In a recent survey among junior physicians,
medical calculator apps were preferred over other
types of apps.® Calculating the estimated date of deliv-
ery and gestational age is an important, vital task for
providers of obstetric care. In fact, new guidelines for
calculating estimated date of delivery were recently
developed by the American College of Obstetricians
and Gynecologists, the American Institute of Ultra-
sound in Medicine, and the Society for Maternal-
Fetal Medicine.* It is notable that pregnancy wheel
apps are more accurate than paper wheels.” The ulti-
mate responsibility of critically evaluating the accu-
racy and usefulness of the apps falls on the end user.
However, there are many pregnancy wheel apps
available and health care providers have no system-
atic way of rating them. The aim of this study is to
develop a scoring system consisting of objective and
subjective components for comparing Apple Operat-
ing System and Android apps and to apply this scor-
ing system to pregnancy wheel apps.
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MATERIALS AND METHODS

This study was exempt from the institutional review
board from the Icahn School of Medicine in New
York, New York, because the research did not involve
or pose any risk to human subjects. A complete list of
pregnancy wheel apps was generated from three
sources by: 1) including apps from our previous
study, which were found between November 18,
2013, and November 30, 2013%; 2) adding apps found
by Chambliss and Clark on November 2, 2014°; and
3) searching the phrase “pregnancy wheel” in both the
Apple iTunes store on October 27, 2014, and Google
Play store on January 24, 2015, to capture any newly
available apps. All of the apps were downloaded and
analyzed based on their content. Applications that used
patient-centered language and nonmedical jargon were
considered consumer apps and were excluded.”

The accuracy of the apps was evaluated to ensure
that each resulted in a correct estimated date of
delivery and gestational age. For example, an app
was considered accurate if 1) a given last menstrual
period in the year 2014 resulted in the correct
estimated date of delivery and gestational age; 2)
a given last menstrual period in the leap year 2016
resulted in the correct estimated date of delivery and
gestational age; and 3) a given estimated date of
delivery resulted in the correct gestational age. The
last menstrual period dates chosen were January 1,
2014, January 1, 2016, and the authors’ birthdays
(April 23, 2014, August 22, 2014, and November

Table 1. The APPLICATIONS Scoring System

Box 1. Example of Measures Used to Determine
Accuracy of Pregnancy Wheel Applications

Measures of Accuracy (input— output)

I. Last menstrual period— estimated date of delivery
and gestational age calculated on September 29,
2014

January 1, 2014 — October 8, 2014, 38 5/7 wk
April 23, 2014 — January 28, 2015, 22 5/7 wk
August 22, 2014 — May 29, 2015, 5 3/7 wk
November 30, 2014 — September 6, 2015, invalid
II. Last menstrual period— estimated date of delivery
and gestational age in a leap year
January 1, 2016 — October 7, 2016, invalid
III. Estimated date of delivery — gestational age calcu-
lated on September 29, 2014
October 8, 2014 — 38 5/7 wk
January 28, 2015 —22 5/7 wk
May 29, 2015—5 3/7 wk
September 6, 2015 — invalid

30, 2014). Box 1 shows an example of the measures
of accuracy used. We used Calculate by QxMD to
verify the calculations.” As soon as an app resulted
in one incorrect value, it was deemed inaccurate and
excluded from further analysis.

Characteristic information from the remaining
apps was collected. This included the download
date, developer or seller, version, interdevice com-
patibility (iPhone, iPad, or both; Android phone,
Android tablet, or both), and price. The popularity

Component Score Description
Application comprehensiveness' 3 1 point for each measure of comprehensiveness
Price'* 1 O=priced, 1=free
Paid subscription™ 1 O=required, 1=not required
Literature used'® 1 0=no references, 1=references used
In-app purchase'” 1 O=present, 1=absent
Connectivity' 1 O=lInternet required, 1=Internet not required
Advertisements'® 1 O=present, 1=absent
Text search field'? 1 0=no search field, 1=search field present
Interdevice compatibility*° 1 0=iPhone or iPad, Android phone or Android tablet;
1=iPhone and iPad, Android phone and Android tablet
Other components?'
Images or figures 1 O=absent, 1=present
Videos 1 O0=absent, 1=present
Special features 1 O=absent, 1=present
Navigation ease* 1 O=ease of navigation score less than 3, 1=ease of
navigation score 3 or greater
Subjective presentation?® 1 0=subjective presentation score less than 3, 1=subjective
presentation 3 or greater
Total 16
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Fig. 1. Analyzed pregnancy wheel applications (apps).

Chyjek. Rating Pregnancy Wheel Applications. Obstet Gynecol 2015.

index was calculated from the product of the
average app rating and number of reviews.” Appli-
cations were initially downloaded and analyzed
without Internet connectivity to determine if func-
tionality was dependent on the Internet. Each app
was evaluated for the presence or absence of paid
subscription fees; literature or references used; in-
app purchases; advertisements; text search field;
and other components such as images or figures,

videos, and special features. In this study, special
features included fetal weight, length, or weight
and length estimates; prenatal testing recommenda-
tions based on gestational age; aneuploidy risk strat-
ification; and patient tracking.

Comprehensiveness was determined by the types of
calculations each app could perform. Applications were
considered increasingly comprehensive if they could
perform one or more of the following functions: 1)

Table 2. Pregnancy Wheel Applications Characteristic Information and APPLICATIONS Scores

Download Date App Developer or Seller Version iPhone
8/4/14 Due Date Calc OB Gregory Moore 1 X
8/4/14 Due Dater Hooah! Software/Nicholas Fogelson 2.2 X
8/10/14 Ferring IVF Wheel (Apple iTunes) Ferring Pharmaceuticals, Inc. 1.1 X
1/31/15 Ferring IVF Wheel (Google Play) Ferring Pharmaceuticals, Inc. 1.1

1/24/15 Ob (Pregnancy) Wheel Quatertone 7.1

1/24/15 OB Calc Pro (Obstetrician) In Pocket Solutions 2.01.04
1/24/15 Ob Wheel (PRO) Quatertone 7.5

1/24/15 Obstetrics (+pregnancy wheel) Medical Doctor Apps 3.01

8/10/14 Perfect OB Tracker Evan Schoenberg 2.2 X
8/5/14 Perfect OB Wheel Evan Schoenberg 36 X
8/10/14 Preg Wheel Andrew Yu 3.1 X
8/5/14 The OB Wheel Pro eNATAL LLC/Don Miller 1 X
8/6/14 The OB Wheel Pro 7—Gestational Age Calculator eNATAL LLC/Don Miller 1.2 X
10/27/14 The Wheel eNATAL LLC/Don Miller 1.2 X
8/10/14 The Wheel HD eNATAL LLC/Don Miller 1.01

8/6/14 The Wheel SP eNATAL LLC/Don Miller 1.5 X

App, application; NA, not available.
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calculate an estimated date of delivery based on an
ultrasonography-determined gestational age; 2) calculate
an estimated date of delivery or a gestational age based
on assisted reproductive technology dates; and 3)
calculate an estimated date of delivery or a gestational
age based on biometry measurements.

Navigation ease and subjective presentation
were evaluated on a Likert scale with 1=poor,
2=Dbelow average, 3=average, 4=above average,
and 5=excellent. The three authors’ scores were
averaged. An average rating of less than 3 received
no points and an average rating of 3 or greater
received 1 point.

The APPLICATIONS score was developed using
12 objective and subjective components based on
references noted in Table 1. All authors independently
scored each app to account for any interobserver differ-
ences. Objective and subjective measures of each preg-
nancy wheel app were obtained between August 1,
2014, and October 27, 2014, for Apple iTunes store
apps and between January 24, 2015, and January 31,
2015, for Google Play store apps.

RESULTS

From an initial list of 36 pregnancy wheel apps
potentially useful to obstetrician-gynecologists, as
published by Farag et al,” 33 were included in our
study, because three were no longer available. Ten
additional pregnancy wheel apps were reconciled
from the Chambliss and Clark study,” although seven
were no longer available. Searching “pregnancy
wheel” in the Apple iTunes store yielded 18 new apps;
however, nine were nonpregnancy wheel apps and

therefore excluded. Similarly, searching “pregnancy
wheel” in the Google Play store yielded 48 new apps,
35 of which were nonpregnancy wheel apps and
three of which were non-English apps and there-
fore excluded. As a result, a complete list of 55
pregnancy wheel apps was created. We excluded
21 of 55 (38%) of the apps because they were
consumer-based. Of the remaining apps, 18 of
34 (53%) were found to be inaccurate, leaving 16
of 34 (47%) for analysis (Fig. 1). All apps were
found under the medical category in the Apple
iTunes and Google Play stores. Characteristic infor-
mation and APPLICATIONS scores are listed in
Table 2 and the Appendix (the Appendix is available
online at http://links.lww.com/AOG/A644). To
account for interobserver differences, the APPLICA-
TIONS scoring system was validated by having
each author individually rate the 10 objective and
two subjective components of each app. The objec-
tive component reporting error rate was seven of
160 (4.4%), meaning that the authors indepen-
dently assigned the same score to a given objective
component of an app more than 95% of the time.

DISCUSSION

Accurate dating of pregnancy is a research and
public health imperative.* We present a list of 16
nonconsumer accurate pregnancy wheel apps that
are useful to health care providers of all levels in
both rural and urban settings. We further developed
the APPLICATIONS scoring system to rate the
apps in response to a call for an alternative model
for app review that is sustainable and free of conflict

iPad Android Phone Android Tablet Price ($) Popularity Index APPLICATIONS Total Score

X 1.99 159 9
2.99 85 7

X 0.00 NA 10
X X 0.00 42 10

X X 0.00 6,821 9

X X 1.99 42 10

X X 2.85 202 7

X X 1.99 88 9

X 4.99 48 8
X 1.99 2,308 7
X 0.00 63 8
X 1.99 NA 8
X 1.99 NA 8
X 0.99 117 6
X 1.99 20 9
X 1.99 108 8
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of interest.® The popularity index is not reliable
because the pregnancy wheel apps with the highest
APPLICATIONS scores received low popularity
index values.

We are concerned that more than half of preg-
nancy wheel apps that were not consumer-based were
inaccurate. An accurately assigned estimated date of
delivery is among the most important results of
evaluation and history-taking in early prenatal care.
This information is vital for timing of appropriate
obstetric care, scheduling and interpreting certain
antepartum tests, determining the appropriateness of
fetal growth, and implementing interventions to pre-
vent preterm births, postterm births, and related
morbidities.* In March 2014, the U.S. Food and Drug
Administration announced that they will now regulate
certain apps, specifically those intended to be used as
an accessory to a medical device, those that transform
a mobile platform into a medical device, or those that
pose risk to patients.” However, pregnancy wheel apps
do not fit these categories and as a result would not be
regulated.

We believe our evaluation of pregnancy wheel
apps is of high quality because we fulfilled the
eight-question checklist described by BinDhim
et al.'"” In addition, we have provided references
for choosing the various components of our scor-
ing system. Lastly, the APPLICATIONS score
includes assessing for comprehensiveness of the
apps. As per the American College of Obstetri-
cians and Gynecologists Committee Opinion: 1)
ultrasound measurement in the first trimester is
the most accurate method to establish or confirm
gestational age; and 2) age of the embryo and
date of transfer should be used to determine the
estimated date of delivery for an in vitro fertiliza-
tion pregnancy.® The apps, Ferring IVF Wheel
and Due Dater, are both able to perform these
functions.

We searched the Apple iTunes and Google
Play stores given the dominance in the market
share of these two stores. The majority (69%)
of health care providers have iPhones and a lesser
number (19.9%) use Android phones.'' Searching
all available platforms could have decreased ascer-
tainment bias but was beyond the scope of
this study.

The ability to identify newly developed apps
since our initial download of pregnancy wheel apps
would have improved our study. Unfortunately, the
Apple iTunes and Google Play stores do not list
apps in order of date of development or entry into
the market. Application development is also con-
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stantly changing with new apps created and old apps
deleted everyday. Additionally, we did not capture
all available apps with pregnancy wheels. For
example, general medical calculator apps such as
Medscape and Calculate by OQxMD were not
included because they were not specific to obstetrics
and gynecology.

Authors in the Jjournal of the American Medical
Association have said that given the sheer number
of apps, it is unlikely that all will ever be meaning-
fully reviewed by a single organization.® We thus
advocate that individual specialties in health care
form committees to review apps specific to their
discipline. Such a committee should be composed
of unbiased members who do not develop apps
and have strict conflict of interest rules. The
goal of the committee should be to determine the
accuracy of apps and then rate them according to
a certain set of criteria. We propose that our APPLI-
CATIONS scoring system be an example. This study
could have been improved if our newly developed
scoring system had a reference standard with which
to compare. However, to our knowledge, there
is no other scoring system. Also, we have an objec-
tive component reporting error rate of 4.4% and
future studies to validate the scoring system are
warranted.

Mobile technology provides the promise of
improved performance of health care providers and
better patient outcomes. Applications are convenient
and may lead to better clinical decision-making,
improved accuracy, and enhanced productivity.'?
We have devised the APPLICATIONS scoring sys-
tem and have used it to rate pregnancy wheel apps.
We believe the APPLICATIONS scoring system can
be used to rate other apps used in other specialties to
ease health care provider uncertainty about using apps.
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