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ABSTRACT

Objective: This study was to develop a sample size application (called “n4Studies™) for free use on iPhone and
Android devices and to compare sample size functions between n4Studies with other applications and software.
Methods: Objective-C programming language was used to create the application for the iPhone OS (operating
system) while javaScript, jquery mobile, PhoneGap and jstat were used to develop it for Android phones. Other
sample size applications were searched from the Apple app and Google play stores. The applications’ characteristics
and sample size functions were collected. Spearman’s rank correlation was used to investigate the relationship
between number of sample size functions and price.

Results: “n4Studies” provides several functions for sample size and power calculations for various epidemiological
study designs. It can be downloaded from the Apple App and Google play store. Comparing n4Studies with other
applications, it covers several more types of epidemiological study designs, gives similar results for estimation
of infinite/finite population mean and infinite/finite proportion from GRANMO, for comparing two independent
means from BioStats, for comparing two independent proportions from EpiCal application. When using the same
parameters, n4Studies gives similar results to STATA, epicalc package in R, PS, G¥Power, and OpenEpi.
Conclusion: “n4Studies” can be an alternative tool for calculating the sample size. It may be useful to students,
lecturers and researchers in conducting their research projects.
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INTRODUCTION

ample size calculation is an essential
S requirement for clinical and epidemiological

research. An appropriate sample size
enables the investigator (s) to detect a real effect
with enough precision.'” A small sample size may
have a large standard error or inadequate power to
detect an important difference while a large sam-
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ple size may be unethical, especially in a clinical
trial.* Thus, sample size and the parameters used
in its calculation need to be displayed in health
research articles as requested by The Consolidated
Standards of Reporting Trials (CONSORT) and
The Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE).™*

For many researchers, the formulas for
sample size calculation are often too difficult to
remember. Thus, most researchers prefer to use
a software on a personal computer (PC). Sample
size calculation is the most common question
encountered by statisticians and epidemiologists in
formal and non-formal consultations. The problem



is often raised on various occasions when a PC
and the necessary software are not available. A
simple to use mobile application (app) for sample
size calculation would thus be useful. Therefore,
the aim of this study was to develop an application
for calculating the sample size required for almost
all epidemiological study designs on a smart
device, and to compare the results with other
mobile device applications (apps) and PC software
that calculates sample size for epidemiological
studies.

MATERIALS AND METHODS

Development of n4Studies

The formulas were obtained from stan-
dard textbooks and journal articles listed in the
references. Objective-C programming language
and Xcode software were used to create the appli-
cation for the iPhone OS while javaScript, jquery
mobile, PhoneGap, jstat and the Eclipse software
were used to develop it for Android phones and
tablets.”"'

Features and parameters for comparison process
For comparison with other sample size
applications, the Apple App store and the Google
play store were searched using the search term:
“sample size”. Only applications written in the
English language were included. Table 1 lists the
types of studies and arbitrary parameter values
used in the calculation of the sample size. Those
parameter values were arbitrarily set for comparing
results between applications. Statistical software
for PC were also used to compare the results.
Alpha (a) was set as 0.05 and beta (f3) at 0.20.

Data collection and analysis

The information about the application’s
characteristics was collected from the Apple app
and Google play stores. Sample size and other
functions from sample size applications were
investigated after installing on smart devices.
Frequencies with percentage were used to describe
categorical data and median with minimum (min.)
and maximum (max.) were used to present con-
tinuous data. Spearman’s rank correlation (r)
was used to investigate the relationship between
number of sample size functions and price. The

TABLE 1. Type of sample size calculation and values given for essential parameters.

Type of study Objective of study

Estimate an infinite population mean'’

Estimate a finite population mean"

Descriptive

Estimate an infinite a population proportion'
Estimate a finite a population proportion'”

Comparing two independent means"

Comparing two dependent means'*

Comparative

Comparing two independent proportions

(with continuity correction)"

Comparing two independent proportions

(without continuity correction)'”
Matched

16
case-control case and control group
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Comparing proportion of exposure between

Parameter values

Standard deviation (SD) = 20, maximum
tolerated error (delta) = 2

SD = 20, maximum tolerated error = 2,
population size = 2,000

Proportion = 0.4, maximum tolerated
error = 0.04

Proportion = 0.4, maximum tolerated
error = 0.04, population size = 2,000

Mean of group 1= 130, SD of group 1 =15,
mean of group 2 = 120, SD of group 2 =20

SD = 20, difference in means between two
groups =5

Proportion of group 1 =0.15, proportion of
group 2 =0.05

Proportion of group 1 =0.15, proportion of
group 2 =0.05

Odds ratio =2, proportion of exposure =0.15,
ratio between case and control = 1
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epicalc package on the R language and environ-
ment were used for all analyses.'”"

RESULTS

n4Studies features

“n4Studies” requires 10S 5.0 or Android
version 2.2 or later. Its screens were designed to
have four tab menus at the bottom of the screen
as shown in Figure 1. The “Sample size”, “Power
of study” and “2x2 Table” tab open a menu for
relevant calculations, whereas the tab “About us”
gives other information related to the application

Carrier = 11:01 AM -

Sample size Q&A

ESTIMATION

Infinite population mean

Finite population mean

Infinite population proportion

Finite population proportion

HYPOTHESIS TESTING

Two independent means

Two dependent means
for a pair-matched study

Two independent proportions

Two dependent proportions
for a pair-matched study

n » @

Samplesize  Powerof study  2X2 Tab About us

Fig 1. List of sample size calculations

Carrier & 11:01 AM -
Power of a study Q&A
HYPOTHESIS TESTING

Two independent means

Two dependent means
for a pair-matched study

Two independent proportions

Two dependent proportions

for a pair-matched study

OBSERVATIONAL STUDY

Case-control
for binary data

Matched case-control
for binary data

Cohort

for binary data

CLINICAL STUDY

n ¥ n o

ize  Powerofstudy  2X2 Table About us

Fig 2. List of power calculations
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including questions and answers (Q&A) on the
upper right corner (Fig 1-3). All calculation results
are printed out in a textbox ready to send via email
(Fig 4 and 5).

Comparison of features and results of
calculation between n4Studies and other free
sample size apps

On 28 April 2014, there were 84 applica-
tions (37 i0OS applications and 47 android appli-
cations) identified from two majors app stores
(Apple app and Google play stores). Seventeen
10S and 37 android applications were excluded

Carrier & 11:03 AM (-

< Back Q&A

What is a sample size?

Why sample size is important?

What factors determine the sample
size?

Why sometimes one focuses on
mean (s) and sometimes on
proportion (s)?

How does level of certainty in a
survey determine sample size?
How can | get the estimated
prevalence to begin with?

What is finite population? What is
its importance?

What is hypothesis testing?
What are alpha and beta?
n 4 - ®

Sample size  Power of study  2X2 Table About u

Fig 3. Q&A screen

Carrier & 11:02 AM -
< Back Sample size Help
Estimating an infinite population mean
SD.= 20 ®
Delta= 2

Sample size = 385

n » = (D’

Sample size  Power of study  2X2 Table About u:

Fig 4. Sample size calculation screen



Carrier 11:02 AM

Cancel Sample size calculation

To:
Cc/Bcc:

Subject: Sample size calculation

The output of the sample size
calculation from n4Studies:
For estimating the infinite population
mean
SD.=20.00, Delta = 2.00
Alpha = 0.05, Z(0.025) = 1.959964
Sample size = 385

Reference:
Wayne W., D. (1995). Biostatistics: A
Foundation of Analysis in the Health

Sciences (6th ed.). John Wiley&Sons,

Inc., 177-178.

Fig S. Screen for email a result

due to being irrelevant or not in English. After
removal of duplications in two OS, 21 applica-
tions were examined (Fig 6).

Among these 21 applications, 10 were
free: n4Studies, Sample size, N Sample size,
SampSize, GLIMMPSE Lite, GiPA, WhatStat,
STATCALC, Samclus and A+A Stats.” > The
remaining 11 were commercial (Sample size
calculator App, 95/95 Sample size calculator,
Sample size calculator for clinical research,
EpiCal, My Sample Size, GRANMO, Power
Analysis, StaStat, Biostats Calculator, Sample
Size Calculator - S-o-m (SSize Calculator), Med
calc 3000 EBM Stats).””" As shown in Table 2
the median minimum price of these 11 commercial
applications was US $ 1.99. The median number

Searching in Apple app store
Total =37 apps
(28 iPhone apps, 9 iPad apps)

Searching in Google play store
Total = 47 apps

Exclude (17 a
* 4 iPad apps are

* 1 iPhone apps is
English version

relevant with sample size
* 12 iPhone apps are not
relevant with sample size

PPs)
not

Exclude (37 apps)
* 35 apps are not relevant
with sample size
* 1 apps is not English
version
* 1 apps cannot buy for
sample size function in

not
our country
A 4 h 4
20 i0S apps for sample size 10 Android apps for sample size
calculation calculation

(15 iPhone apps, 5 iPad apps)

Exclude (5 apps)

and iPad

* 5 apps can work on both iPhone

Fig 6. Flow of selecting the inc

>

A 4

15108 apps
h h 4
25 relevant apps
Exclude (4 apps)
* 4 apps can work on both i0S
and andreid OS
21 apps (including n4Studies)

luded apps
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TABLE 2. Sample size apps characteristic (n (%))

Variable Free App Commercial App Total
Total apps 10 11 21
Minimum price ($)* - 1.99 (0.99, 9.99) 0.99 (9.99)
(0N

i0S 3(30) 8(72.7) 11(52.4)

Android 4 (40) 2(18.2) 6(28.2)

Both iOS and android 3(30) 109.1) 4(19.0)
OS version requirement*

i0S version 5.0(4.3,6.1) 5.0 (3.0, 7.0) 5.0 (3.0, 7.0)

Android version 1.9 (1.0, 4.0) 1.5(1.1,2.2) 1.6 (1.0, 4.0)
No. of sample size calculation function®

Without n4Studies 1(1,10) 3(1,17) 2(1,17)

With n4Studies 1.5(1,17) 3(1,17) 2(1,17)
Other statistical function

No 5(50) 4(36.4) 9(42.9)

Yes 5(50) 7 (63.6) 12 (57.1)
App size (MB.)* 1.35(0.045, 2.3) 1.3(0.151,2.7) 1.3 (0.05, 2.7)
Provide reference in each formula

No 7 (70) 10 (90.9) 17 (81)

Yes 3(30) 1(9.1) 4(19)
Save output

No 8 (80) 10 (90.9) 18 (85.7)

Yes 2 (20) 19.1) 3(14.3)
Email output

No 6 (60) 9(81.8) 15(71.4)

Yes 4 (40) 2(18.2) 6 (28.6)
Provide help or tutorial or instruction

No 3(30) 4 (36.4) 7(33.3)

Yes 7 (70) 7 (63.6) 14 (66.7)
Provide other content in app (such as Q&A)

No 9 (90) 11 (100) 20 (95.2)

Yes 1 (10) - 1(4.8)
Launch time (year)

2009 0 (0) 2 (20) 2(11.8)

2010 1(14.3) 0(0) 1(5.9)

2011 1(14.3) 3(30) 4 (23.5)

2012 2 (28.5) 3(30) 5(29.4)

2013 3(42.9) 2 (20) 5(29.4)
Last update (year)

2010 2 (20) 1(9.1) 3(14.3)

2011 1(10) 3(27.3) 4(19)

2012 1(10) 1(9.1) 2(9.5)

2013 2 (20) 5(45.5) 7(33.3)

2014 4 (40) 1(9.1) 5(23.8)

Note: *Present as Median (min., max.)
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of sample size calculation functions on all appli-
cations was 2 (range 1-17) and 12 (57.1%) had
other functions. The median application size was
1.3 megabytes (MB.) (range 0.05-2.7 MB.). Four
apps provided a reference for each sample size
calculation, three apps could save the output,
six apps could email its output, 14 apps had help
pages and one app (n4Studies) provided questions
and answers for the users. More than 50% of all
applications were first published after 2011 and
have been updated after 2012 (Table 2). Further-
more, there was a small positive relationship
between number of sample size functions and
price (r, = 0.127) (Fig 7).

For the sample size calculation feature,
almost half of the applications could be used for
calculating the sample size required for compare
two independent means. Except for n4Studies,
SampSize, WhatStat, Sample size calculator for
clinical research, EpiCal, and GRANMO, all
have only few functions (Table 3). Based on the
arbitrary parameters shown in Table 1, n4Studies,
N Sample size, EpiCal, GRANMO and Power

Analysis gave the same sample size for estimating
an infinite population mean, and n4Studies and
GRANMO gave a similar result for estimating a
finite population mean. Sample size calculation
app, EpiCal and GRANMO gave similar sample
sizes to n4Studies for estimating an infinite popu-
lation proportion. Sample size calculation app,
GRANMO and n4Studies gave the same sample
size for estimating a finite population propor-
tion. BioStats Calculator and n4Studies gave the
same sample size for comparing two independent
means. EpiCal gave a similar sample size to
n4Studies for comparing two independent propor-
tions (as marked by an asterisk (*) in Table 3).
Moreover, all other applications required different
parameters, and thus they were not comparable.
For free applications, SampSize and n4Studies
have more sample size features than the others.
Among the commercial applications, Sample
size calculator for clinical research, EpiCal and
GRANMO have more sample size functions than
the others (Table 3).

™~ - 4 n4Studies o GRANMO
E_

—_ ™ _

\9"_

o _

g 7

& 1+ o

[4] o

N

n o

(]

s ™~

E ©w 4 O

1+

N o - +
<+ — A
™ — o]
N - A
- — & [} o]
o -

o i0S
A Android
+ i0S and Android

rs =0.127

BioStats Calculator
o

Price (US dollar)

Fig 7. Relationship between number of sample size functions and price
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TABLE 4. Comparing result between n4Studies and statistical software

Commercial software

Free software
ndStudies"”
385

323

577

448

Formula

STATA*

42

OpenEpi

41
G*Power

18 PS40

Epicalc on R

168

Estimating an infinite population mean

Estimating a finite population mean

576
448

576
447

Estimating an infinite a population proportion

Estimating a finite a population proportion

nl =50,
n2 =50

nl =50,
126

n2 =50

nl =51,

n2=>51

nl = 50, DP

n2 =50

nl =50,
n2 =50

126

Comparing two independent means

128

128

Comparing two dependent means

nl =141,
n2 =141
nl =160,
n2 =160

nl =141,
n2 =141
nl =160,
n2 =160

nl =141,
n2 = 141
nl =151,
n2 =151

nl = 140,
n2 =140
nl =159,
n2 =159

nl =141,
n2 =141
nl =160,
n2 =160

Comparing two independent proportions

(with continuity correction) v

nl =160,
n2 =160

Comparing two independent proportions

(with continuity correction) hd

(Fisher’s exact)

(Fisher’s exact)

206

Matched case-control study

Note: DP: the software requested different parameters from table 1,  is applicable to case-control study, cohort study and RCT

Comparing results between n4Studies
and other statistical software

n4Studies, epicalc and EpiOpen gave a
similar sample sizes required when estimating
an infinite and finite population proportion. For
comparing two independent means, most software
gave the same sample size except for PS because
it requires different parameters for setting as
shown in Table 1 and thus it’s results could not be
compared with other software. PS and G*Power
calculate sample size for comparing two inde-
pendent proportions based on Fisher’s exact test
so it gives smaller sample sizes than the other
software. All software could estimate the sample
size required for a case-control study, cohort
study and randomized controlled trial (RCT) since
the formulas are the same as for comparing two
independent proportions (Table 4).

DISCUSSION

This study revealed that during the review
period most available free applications are not
adequate for clinical epidemiological sample
size calculation except n4Studies, SampSize and
WhatStat. n4Studies gave the same results as those
from standard sample size calculation software
on the PC or using applications available on the
internet (OpenEpi). For a serious statistician or
epidemiologist, often more than one PC software
is used. A mobile application can be a supplement
for those who are outside the office, or when the
internet is not accessible. For a less experienced
person, n4Studies is easy to download, install
and use. It can be an alternative tool for learning.
Moreover, the application’s price is not related
to the number of sample size functions. Some
free applications including n4Studies have more
sample size functions than commercial applica-
tions. Most of the free sample size applications
do not need a high performance of smart device
because they only need a small memory and not
a high OS version, especially for android devices.
In addition, only four applications (n4Studies,
SampSize, Samclus, and Ssize calculator) pro-
vided references for each formula.

The special strength of n4Studies includes
covering a broader range of study designs, avail-



ability of formulas and references, Q&A and
direct e-mail interface. The limitations are lacking
of tutorial and examples. This app is, therefore,
most suitable for these who already have a certain
theoretical background in sample size calculation.
This study was done in 2014 after the smartphone
and tablet started to be popular. In the future, with
higher computing capacity, it is expected that there
will be more features available for researchers to
choose and utilize.

CONCLUSION

In conclusion, most current applications
for calculation of sample size have limited capabi-
lity compared to those on a PC. The exception is
n4Studies, a mobile application which can meet
most of the requirements met on a PC and gives
practically the same results. n4Studies can be an
alternative tool for calculating the sample size. It
is friendly and easy to use and takes only a minute
to run. It may be useful to students, lecturers and
researchers in conducting their research projects.
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