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Abstract. Sample size determination usually is taught based on theory and is dif-
ficult to understand. Using a smartphone application to teach sample size calcula-
tion ought to be more attractive to students than using lectures only. This study 
compared levels of understanding of sample size calculations for research studies 
between participants attending a lecture only versus lecture combined with using 
a smartphone application to calculate sample sizes, to explore factors affecting 
level of post-test score after training sample size calculation, and to investigate 
participants’ attitude toward a sample size application. A cluster-randomized 
controlled trial involving a number of health institutes in Thailand was carried 
out from October 2014 to March 2015. A total of 673 professional participants 
were enrolled and randomly allocated to one of two groups, namely, 341 partici-
pants in 10 workshops to control group and 332 participants in 9 workshops to 
intervention group. Lectures on sample size calculation were given in the control 
group, while lectures using a smartphone application were supplied to the test 
group. Participants in the intervention group had better learning of sample size 
calculation (2.7 points out of maximnum 10 points, 95% CI: 24 - 2.9) than the 
participants in the control group (1.6 points, 95% CI: 1.4 - 1.8).  Participants do-
ing research projects had a higher post-test score than those who did not have a 
plan to conduct research projects (0.9 point, 95% CI: 0.5 - 1.4). The majority of the 
participants had a positive attitude towards the use of smartphone application 
for learning sample size calculation.
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sufficient precision and minimal cost 
(Wittes, 2002; Lan and Lian, 2010; Sath-
ian et al, 2010). However, investigators 
often have difficulty in selecting a suitable 
formula for their projects because there 
are many formulae that can be applied 
depending on study design and type of 
data (Noordzij et al, 2010). Thus, sample 
size calculation is too difficult to under-
stand by researchers who do not have  

INTRODUCTION

An appropriate sample size enables 
an investigator to detect a real effect with 
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prior knowledge of statistics. 
Lectures with note-taking approach 

constitute a traditional method for teach-
ing sample size calculation. Using this 
approach, learners feel complexed and 
bored (Ali et al, 2011). Several studies 
proposed many approaches to reduce 
these barriers in teaching statistics us-
ing technology as a supplement tool, viz, 
computer assisted instruction (Basturk, 
2005; Larwin and Larwin, 2011), use of 
statistical software or spreadsheet (Mills, 
2002; Nash, 2008), and internet or web-
based learning ( Mills, 2002; Justham and 
Timmons, 2005; González et al, 2010; Wang  
et al, 2011; Tawil et al, 2012). However, 
those teaching approaches require a per-
sonal computer or laptop and an internet 
connection. Learners must have some 
level of computer literacy and skill to 
learn how to use the software before they 
can obtain the desired knowledge.  

In recent years, mobile devices, which 
are more widely available than comput-
ers/laptops, have played an increasing 
role in education (Sung et al, 2016). A 
research synthesis of integrated mobile 
devices in teaching in various fields found 
that using mobile devices in education 
is better than using desktop computers 
or not using mobile devices (Sung et al, 
2016). Use of a smartphone application 
(app) thus provides an alternative tool for 
teaching sample size calculation as most 
investigators and students currently have 
their own personal smartphones. 

Health professionals and students 
in health sciences often need to conduct 
their research projects and to determine 
the appropriate number of participants 
for their studies. Health researchers often 
are adverse to perform sample size cal-
culation (Pye et al, 2016), and  recalculate 
the sample size after consulting advisers, 
experts, and statisticians (Deutsch et al, 

2007). Thus, a sample size calculation app 
on a smart device might be a welcome tool 
to allow pre-determination of required 
sample size.

There is a lack of supporting evidence 
on whether a smartphone app improves 
investigators’ or students’ understanding 
of the theory related to sample size, factors 
influencing  understanding of sample size 
calculation, and attitudes towards using 
smartphone app for calculating sample 
size. Therefore, this study was undertaken 
to compare level of understanding on 
sample size calculation after attending 
a workshop using lecture format only 
compared with lectures supplemented 
with a smartphone app (“n4Studies”) to 
teach sample size calculation for research 
studies. In addition, we documented 
factors influencing the level of post-test 
score following the training workshop 
and investigated the participant’s attitude 
towards using smartphone app. The find-
ings will have implications on statistics 
education as well as on future smartphone 
app development.

MATERIALS AND METHODS

Study setting and design 
The study was conducted in four 

provinces (Bangkok, Chiang Mai, Khon 
Kaen and Songkhla) of Thailand during 
October 2014 to March 2015. Nineteen 
workshops for teaching and practising 
sample size calculations were conducted 
in research training programs in six uni-
versities, three hospitals and one health 
office. Participants attending these work-
shops were health professionals including 
physicians, nurses, researchers, lecturers, 
public health officers, medical residents, 
and students. The number of participants 
for the study was calculated based on 
comparison of average knowledge scores 
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Fig 1–Flowchart of the research study.

(Lake et al, 2002; Wittes, 
2002), which took into ac-
count an intraclass correla-
tion coefficient of 0.05, an 
average cluster size of 35, a 
standard deviation of 1, and 
a power of 80% to detect a 
difference of 0.35 in post-
test scores between two 
groups with a significance 
level of 0.05. With these 
parameters, a sample size 
of 349 participants in each 
group is required.

The research design 
was a cluster-randomized 
controlled trial. Nineteen 
workshops were used as 
units of assignments rather 
than participants. After 
enrolment in the study, workshops were 
allocated to either control or intervention 
group (Fig 1). Both groups were given 
a pre-test assessment at the beginning. 
The control group was assessed on their 
theoretical knowledge on sample size 
calculation immediately after the lecture. 
The intervention group was assessed on 
the same content but after practical ses-
sion. Finally, before the workshop was 
closed, attitudes of the participants to-
wards smartphone app were assessed by 
a self-completed questionnaire. 

Intervention
Intervention consisted of two con-

secutive sessions: lecture and practice 
session. The didactic lecture using slide 
presentations was given regarding con-
cepts of sample size, types of data, central 
limit theorem, and sample size formulae 
for various types of study designs. Ex-
amples and parameters were drawn from 
published articles. In the practical session, 
all participants were instructed as to how 

to install and use the n4Sudies app to cal-
culate sample sizes of the examples given 
in the lectures using their smartphones or 
tablets. The lecture and practical session 
took approximately 45 minutes each to 
conduct and were provided by the same 
instructor throughout the entire study.
Slide presentation

Slide presentation was developed 
based on theories related to sample size 
calculation, such as central limit theorem, 
sample calculation for estimating a given 
population mean/proportion, sample 
calculation for comparison of two means/
proportions and sample size calculation 
for various epidemiological study designs 
under consultation of experts in biostatis-
tics from two well-known universities in 
Thailand.
Smartphone app

Among several smartphone apps 
available, n4Studies was the most recently 
developed at the time of study. It is an 
app for sample size calculation on smart 
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devices and works off-line on iPhone or 
Android operating systems (Ngamjarus 
and Chongsuvivatwong, 2014a, b). It can 
be downloaded free of charge from Apple 
app store or Google play store. Previous 
study found that n4Studies gives similar 
results to other computer softwares when 
using the same formula and same param-
eters (Ngamjarus et al, 2016). Users simply 
choose the desired sample size formula 
from the app screen (Fig 2) and then en-
ter the values of parameters. Results are 
presented with the formula and references 
(Fig 3). With a touch screen and numeric 
keypads, parameters are readily changed 
and the new sample size is displayed. 
Results are immediately ready to be sent 
via e-mail on the smartphone.
Pre- and post-test

Participants were assessed using the 
same instrument at the pre-test (before the 
training workshop) and post-test (after 
lecture in control group and after practi-
cal session in intervention group). Control 
group participants were allowed to use a 
calculator installed on their smartphones, 
while those in intervention group con-
ducted post-test assessment at the end of 
the practical session and were allowed to 
use the n4Studies app. Both pre- and post-
tests needed to be completed within 10 
minutes. It consisted of 10 multiple-choice 
questions (eight on theory, two on actual 
calculation) (details available on request) 
and were validated by three experts. Pre- 
and post-test assessments consisted of the 
same questions but given in a different 
order. Total score of each test (maximum 
of 10 points) was determined based on the 
number of correct answers. 
Questionnaire

The questionnaire was separated into 
two parts: 1) demographic data and 2) 
attitude towards using the smartphone Fig 3–Screen on n4Studies app for calculation 

of sample size.

Fig 2–n4Studies app screen for iPhone system.
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app. For attitude assessment, nine ques-
tions were designed using nine 5-point 
Likert scale items (strongly disagree, dis-
agree, neutral, agree, or strongly agree) 
with Cronbach’s alpha coefficient of 0.79. 
Participants from both groups completed 
the questionnaire at the finish of each 
workshop.
Data analysis

Pre- and post-test scores and ques-
tionnaire data were entered into a com-
puter using EpiData (Lauritsen and Bruus, 
2000), validated and exported for analysis. 
Descriptive statistics were used to sum-
marize demographic data and pre- and 
post-test scores. Paired t-test was used 
to compare pre- and post-test scores by 
the same person. Independent t-test and 
95% confidence interval (CI) were used 
to compare pre-test and post-test scores. 
Cohen’s d value was calculated to evaluate 
the effect sizes. Z-test for two proportions 
was used to compare the proportion of 
correct answers in post-test assessment 
between the two groups. Before model-
ling, missing values were imputed by 
chained equations (Buuren et al, 2014). 
Simple and multiple linear regressions 
were used to investigate factors influ-
encing post-test scores. R software with 
epiDisplay package (Chongsuvivatwong, 
2015) was used for data management. 
Cohen’s d value was calculated using 
effsize package (Torchiano, 2015). Missing 
values were imputed using mice package 
(Van Buuren and Groothuis-Oudshoorn, 
2011). Attitude data was analyzed using 
likert package (Bryer and Speerschneider, 
2014). Survey package (Lumley, 2014) was  
employed to adjust for intra-cluster cor-
relation among participants in the same 
group.
Ethical considerations

The study was approved by the Eth-

ics Committee of the Faculty of Medicine, 
Prince of Songkla University. All partici-
pants were informed about the rationale 
and objectives of the research project and 
those who agreed to participate were 
asked to sign an informed consent form. 
Participants’ names and other personal 
information were kept in locked files in 
the principal investigator’s workplace. 

RESULTS

Demographic data
Nineteen workshops were conducted 

across four provinces of Thailand with 
a total of 673 participants. The mean 
(standard deviation) workshop size was 
35 (16). Three hundred thirty-two partici-
pants were assigned to the intervention 
and 341 to control group. Six hundred  
seventy-one participants completed the 
pre-test (two in the control group failed 
to complete the test), and 339 (99%) par-
ticipants in control and 332 (99%) in in-
tervention group completed the post-test 
(Fig 1). Age and sex distribution were well 
balanced, but more participants in control 
group had studied mathematics, statistics, 
epidemiology, and research methodology. 
The majority of both groups had problems 
in both theoretical and practical aspects of 
sample size calculation (Table 1). 
Comparison of test results

Compared to the intervention group, 
more participants in the control group 
had lower post-test scores (Fig 4). When  
pre- and post-test scores of the 19 work-
shops were compared, in all workshops, 
the mean scores increased from pre- to 
post-tests (Fig 5). However, improve-
ments were larger in the intervention 
group. A comparison of the overall mean 
test scores between the two groups at 
baseline (pre-test) and after the lecture 
(post-test) showed a significant difference 
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Table 1 
Demographic characteristics of participants.

Variable Control group Intervention group
  (n = 341) (n = 332)

Age group (years), n (%)  
 <30 150  (48) 149  (52)
    30-50 144  (46) 108  (38)
    >50 17  (5) 27  (9)
Age (median, IQR) 30  (27, 37) 29  (26, 39)
Gender, n (%)  
    Female 226  (70) 224  (72)
    Male 98  (30) 86  (28)
Occupation, n (%)  
 Student 30  (9) 33  (11)
 Lecturer 17  (5) 19  (6)
    Physician 54  (17) 29  (9)
    Nurse 46  (14) 60  (19)
    Public health officer 43  (13) 43  (14)
    Medical resident/fellow 62  (19) 79  (25)
 Researcher/research assistant 28  (9) 16  (5)
    Other 39  (12) 32  (10)
Likes mathematics, n (%)  
    No 118  (37) 117  (38)
    Yes 202  (63) 190  (62)
Likes statistics, n (%)  
    No 161  (50) 183  (59)
   Yes 156  (49) 122  (40)
 Never studied 2  (0.5) 3  (1)
Likes epidemiology, n (%)  
    No 130  (40.5) 146  (50)
    Yes 156  (49) 118  (39)
 Never studied 35  (11) 41  (13)
Likes research methodology, n (%)  
    No 127  (40) 149  (48)
    Yes 179  (56) 145  (47)
 Never studied 15  (5) 13  (4)
Experience in conducting research, n (%)  
    No 113  (35) 122  (40)
    Yes 209  (65) 184  (60)
Plans to conduct research within the next three months, n (%)  
    No 109  (34) 82  (27)
    Yes, writing up the research project 115  (36) 135  (44)
    Yes, doing the research now 96  (30) 90  (29)
Difficulties in calculating sample sizea, n (%)   
    None 19  (6) 15  (4)
    Don’t know which formula to select 226  (66) 217  (65)
    Don’t know where I can find the right formula 109  (32) 99  (30)
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in post-test scores between the two groups 
(Cohen’s d value = -0.39, p < 0.001), but 
no significant difference in pre-test scores 
between the two groups (p = 0.111) (Fig 
6).  The mean score in the control group 
increased by 1.6 points (95% CI: 1.4 - 1.8), 
whereas the score in the intervention 
group increased by 2.7 points (95% CI: 
2.4 - 2.9). In the post-tests, participants in 
intervention group have a significantly 
higher proportion of correct answers to 
question number 6 and 7 (involving direct 
calculation) and to question numbers 3, 8 
and 10 (theoretical) than those in control 
group (Fig 7). 

When factors influencing post-test 
scores were taken into account (Table 2), 
participants in the intervention group 
have 0.9 point post-test score, significantly 
higher than those in the control group 
(adjusted coefficient = 1.0 point, 95% CI: 
0.4 - 1.5). Experience in conducting one’s 
own research was associated with signifi-
cantly higher post-test scores (0.9 point, 
95% CI 0.5 - 1.4) than those who did not 
have a plan to conduct research.  

Attitude towards using the smartphone app
The score distributions of all items 

[nine 5-point Likert scale items (strongly 
disagree, disagree, neutral, agree or 
strongly agree)] were similar between the 
two groups (Fig 8). The majority of the 
participants in both groups perceived that 
the app was useful, easy for calculating a 
sample size and has sufficient formulae 
for sample size calculations.

DISCUSSION

Training on sample size calculation 
using a smartphone app in addition to 
lecture gave substantially better results 
than lecture alone. The smartphone app 
was effective in assisting participants who 
had a poor background in mathematics, 
statistics, epidemiology and research 
methodology. The improvement was ob-
served in both practical calculation and 
in theoretical knowledge. Improvements 
were better among those planning to con-
duct their own research. 

Windish et al (2007) studied medical 

 Don’t know the parameters in the formula 167  (49) 153  (46)
    Don’t know who to consult for advice or confirmation 82  (24) 86  (26)
    Cannot calculate the sample size even if I know the one   124  (36) 116  (35)
      correct  
    Don’t understand the formula 162  (47) 162  (49)
 Software for sample size calculation is too expensive 14  (4) 17  (5)
    I have the software to calculate the sample size but 60  (18) 51  (15)
   I don’t know how to
    Other  11  (3) 3  (1)
Experience using a statistical program for sample size calculation, n (%)  
 No 190  (61) 158  (53)
 Yes 123  (39) 142  (47)

Unless stated, numbers in the table are frequency and numbers in brackets are percentages. aMultiple 
response questions and percentages may not sum to 100%.

 

Table 1 (Continued).

Variable Control group Intervention group
  (n = 341) (n = 332)
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Fig 5–Comparison of mean test scores (dots) and 95 confidence interval (vertical lines) according 
to training workshops held. 

Fig 4–Comparison of post-test scores sorted by pre-test scores. Y-axis represents pre-test (large 
solid dots) and post-test (small dots) scores joined with vertical lines. X-axis represents index 
of participants sorted by pre-test scores. Lines extending upwards and downwards indicate 
increase and decrease in post-test scores, respectively, with length of each line representing 
the amount of change in score from pre- to post-test.

residents’ understanding of biostatistics 
and concluded that the majority are not 
competent in interpreting of results of 
clinical research articles. Based on a re-
view of the literature, Garfield and Ben-

Zvi (2007) concluded that there is a need 
to revise the traditional teaching method 
in statistics and that an instructional 
software could be a useful tool for teach-
ing abstract ideas. Freeman et al (2008) 

Control group

Workshop number

Control group

Intervention group

Intervention group
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Fig 6–Comparison of overall mean test scores from control 
and intervention groups.

compared teaching approaches 
in statistics for undergraduate 
medical students and concluded 
that teaching with a variety of 
media, with emphasis on inter-
pretation, can help in learning 
and understanding of statis-
tics more than the traditional 
teaching styles.  Similar to our 
findings, a study conducted 
in Germany among third-year 
medical students in pharmacol-
ogy found a high prevalence 
and acceptance of mobile appli-
cations when used in conjunc-
tion with conventional teaching 
methods (Gutmann et al, 2015). 

This study shows that 
smartphone app was not just 
a simple calculation tool but 

Fig 7–Percent correct answers for each post-test question.

Percentage

*Represent a significant difference between the two groups.
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Fig 8–Comparison of participants’ attitudes towards using n4Studies app. Nine questions were 
designed using nine 5-point Likert scale items (strongly disagree, disagree, neutral, agree, or 
strongly agree) with Cronbach’s alpha coefficient of 0.79.

Response

Percentage

also a good medium for education in 
practical statistics. It is potentially useful 
for those who have minimal background 
in statistics, the majority of whom were 
non-researchers. Use of a smartphone app 
for sample size calculation could supple-
ment or even replace teaching of theory 
using computer-based software. Instead 
of spending time memorizing or looking 
up a formula, use of a smartphone app 
will enable researchers and students to 
acquire quickly the correct answer, thus 
leaving time to focus on relationships 
among parameters and the results. Thus, 
a smartphone app can be a useful tool 

for teaching sample size calculations. 
However, didactic lectures and tutorials 
are still essential for students who want 
to learn how to calculate sample sizes for 
their particular research projects. 

This study has a number of limita-
tions. Firstly, the individual learning 
outcome was evaluated by post-test in a 
short time (10 minutes), and participants 
did not assess their knowledge for a long 
period. Secondly, participants in the 
intervention group performed post-test 
after learning sample size calculation by 
lecture and practised using the n4Studies 
app, thereby having more time for learn-
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Table 2 
Summary of regression results displaying factors influencing post-test scores.

Factor Crude estimate Adjusted estimate
   (95% CI) (95% CI)

Study group  
 Control  Reference  Reference
 Intervention 0.9 (0.5,1.2) 1.0 (0.4, 1.5)
Gender  
 Female  Reference  Reference
 Male -0.1 (-0.4, 0.3) -0.2 (-0.5, 0.1)
Age group (years)  
 <30  Reference  Reference
 30 - 50 -0.4 (-0.8, -0.1) -0.2 (-0.7, 0.3)
 >50 -0.8 (-1.4, -0.2) -0.6 (-1.3, 0.1)
Occupation  
 Student/unemployed  Reference  Reference
 Lecturer -0.8 (-1.7, 0.0) -0.6 (-1.8, 0.6)
 Physician 0.1 (-0.5, 0.8) 0.3 (-0.4, 0.9)
 Nurse -1.1 (-1.7, -0.4) -0.6 (-1.5, 0.4)
 Public health officer -1.2 (-1.9, -0.6) -0.9 (-1.5, -0.3)
 Medical resident/fellow -0.3 (-0.9, 0.4) -0.2 (-1.4, 0.9)
 Researcher/research assistant -0.6 (-1.4, 0.2) -0.2 (-0.9, 0.6)
 Other -1.2 (-1.9, -0.5) -0.7 (-1.3, 0.0)
Likes mathematics  
 No  Reference  Reference
 Yes 0.3 (-0.1, 0.6) .0 (-0.4, 0.5)
Likes statistics  
 No  Reference  Reference
 Yes -0.1 (-0.4, 0.3) 0.1 (-0.4, 0.7)
 Never study -1.2 (-2.2, -0.2) -0.5 (-1.7, 0.7)
Likes epidemiology  
 No  Reference  Reference
 Yes -0.2 (-0.6, 0.1) 0.1 (-0.4, 0.6)
 Never studies -0.9 (-1.4,-0.4) -0.4 (-0.9, 0.2)
Likes research methodology  
 No  Reference  Reference
 Yes -0.2 (-0.5, 0.1) .0 (-0.3, 0.4)
 Never studies -1.1 (-1.8, -0.3) -0.3 (-1, 0.4)
Has experience in conducting a research  
 No  Reference  Reference
 Yes -0.3 (-0.6, 0.0) -0.2 (-0.6, 0.2)
Plans to conduct research within the next three months  
 No  Reference  Reference
 Yes, I'm writing a research proposal now 0.6 (0.2, 1.0) 0.2 (-0.1, 0.6)
 Yes, I'm doing a research now 1.2 (0.8, 1.6) 0.9 (0.5, 1.4)
Has difficulties in calculating sample size  
 No  Reference  Reference
 Yes 0.8 (0.2, 1.5) 0.7 (-0.1, 1.4)
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ing than participants in the control group 
who studied by lecture only before being 
examined by the post-test. The difference 
in learning time might have effect the 
learning outcome.

Our study demonstrates that teaching 
calculation of sample size with a smart-
phone app could significantly improve 
knowledge and attitude of the trainees 
towards this topic. We therefore suggest 
smartphone app should be incorporated 
into routine teaching in of this subject.

ACKNOWLEDGEMENTS

The study was supported by The 
Thailand Research Fund through the 
Royal Golden Jubilee PhD Program and 
the Research Chair Grant, the National 
Science and Technology Deployment 
Agency (NSTDA), Thailand (to VC). The 
funders had no role in the study design, 
data collection, analysis, preparation of 
the manuscript or decision to publish. The 
authors thank the Department of Biosta-
tistics and Demography, Faculty of Public 
Health, Khon Kaen University; the Epide-
miology Unit, Faculty of Medicine, Prince 
of Songkla University; all participants 
in the study; Prof Malinee Laopaiboon, 
Assist Prof Porjai Pattnittum and Assist 
Prof Siriporn Kam Sa-ad for useful sug-
gestions and comments; and Miss Nan-
napat Pruphetkaew for kind assistance. 
This work is a part of CN ‘s dissertation 
in partial fulfillment of the requirements 
for PhD degree in Epidemiology at Prince 
of Songkla University.

REFERENCES

Ali ZM, Shahabuddin FA, Abidin NZ, Suradi 
NRM, Mustafa Z. Teamwork culture in 
improving the quality of learning basic 
statistics course. Proc Soc Behav Sci 2011; 
18: 326-34.

Basturk R. The effectiveness of computer-as-
sisted instruction in teaching introductory 
statistics. Educ Technol Soc 2005; 8: 170-8.

Bryer J, Speerschneider K. likert: Functions to 
analyze and visualize likert type items 
(Version 1.2). The Comprehensive R Ar-
chive Network, 2014. [Cited 2016 Jan 30]. 
Available from: http://cran.r-project.org/
web/packages/likert/index.html

Chongsuvivatwong V. epiDisplay: epide-
miological data display (Version 3.2.0.6) 
2015. [Cited 2015 Dec 15]. Available from: 
https://cran.r-project.org/web/packages/
epiDisplay/ 

Deutsch R, Hurwitz S, Janosky J, Oster R. The 
role of education in biostatistical consult-
ing. Stat Med 2007; 26: 709-20.

Freeman J V, Collier S, Staniforth D, Smith KJ. 
Innovations in curriculum design: a multi-
disciplinary approach to teaching statistics 
to undergraduate medical students. BMC 
Med Educ 2008; 8: 28.

Garfield J, Ben-Zvi D. How students learn 
statistics revisited: a current review of re-
search on teaching and learning statistics. 
Int Stat Rev 2007; 75: 372-96.

González JA, Jover L, Cobo E, Muñoz P. A 
web-based learning tool improves student 
performance in statistics: a randomized 
masked trial. Comput Educ 2010; 55: 704-13.

Gutmann J, Kuhbeck F, Berberat PO, Fischer M 
R, Engelhardt S, Sarikas A. Use of learning 
media by undergraduate medical students 
in pharmacology: a prospective cohort 
study. PLOS One 2015; 10: e0122624.

Justham D, Timmons S. An evaluation of using 
a web-based statistics test to teach statis-
tics to post-registration nursing students. 
Nurse Educ Today 2005; 25: 156-63.

Lake S, Kammann E, Klar N, Betensky R. Sam-
ple size re-estimation in cluster random-
ization trials. Stat Med 2002; 21: 1337-50.

Lan L, Lian ZW. Application of statistical power 
analysis - How to determine the right 
sample size in human health, comfort and 
productivity research. Build Environ 2010; 
45: 1202-13.



SoutheaSt aSian J trop Med public health

252 Vol  48  No. 1  January  2017

Larwin K, Larwin D. A Meta-analysis examin-
ing the impact of computer-assisted in-
struction on postsecondary statistics edu-
cation. J Res Technol Educ 2011; 43: 253-78.

Lauritsen JM, Bruun M, eds. EpiData data en-
try, data management and basic statistical 
analysis system. Odense: The EpiData As-
sociation, 2000. [Cited 2015 Mar 1]. Avail-
able from: http://www.epidata.dk

Lumley T. survey: Analysis of complex survey 
samples (Version 3.30-3). CRAN, 2014. 
[Cited 2016 Jan 15]. Available from: http://r-
survey.r-forge.r-project.org/survey/ 

Mills JD. Using computer simulation methods 
to teach statistics: a review of the literature. 
J Stat Educ 2002; 10: 1-20.

Nash JC. Teaching statistics with Excel 2007 
and other spreadsheets. Comput Stat Data 
An 2008; 52: 4602-6.

Ngamjarus C, Chongsuvivatwong V. n4Studies: 
application for sample size calculation in 
epidemiological studies Android (Version 
1.4.0). Google play store, 2014a. [Cited 
2014 Sep 1]. Available from: https://play.
google.com/store/apps/details?id=com.
statsinhand.n4studies&hl=th

Ngamjarus C, Chongsuvivatwong V. n4Studies: 
application for sample size calculation in 
epidemiological studies for iOS (Version 
1.4.1). App store, 2014b. [Cited 2014 Sep 1]. 
Available from: https://itunes.apple.com/
th/app/n4studies/id680516901?l=th&mt=8

Ngamjarus C, Chongsuvivatwong V, McNeil E. 
n4Studies: sample size calculation for an 
epidemiological study on a smart device. 
Siriraj Med  J 2016; 68: 160-70.

Noordzij M, Tripepi G, Dekker F W, Zoccali C, 
Tanck M W, Jager KJ. Sample size calcula-
tions: basic principles and common pitfalls. 
Nephrol Dial Transplant 2010; 25: 1388-93.

Pye V, Taylor N, Clay-Williams R, Braithwaite J. 
When is enough, enough? Understanding 
and solving your sample size problems in 
health services research. BMC Res Notes 
2016; 9: 90.

Sathian B, Sreedharan J, Baboo SN, Sharan K, 
Abhilash ES, Rajesh E. Relevance of sam-
ple size determination in medical research. 
Nepal J Epidemiol 2010; 1: 4-10.

Sung Y-T, Chang K-E, Liu T-C. The effects of 
integrating mobile devices with teaching 
and learning on students’ learning per-
formance: a meta-analysis and research 
synthesis. Comp Educ 2016; 94: 252-75.

Tawil NM, Ismail NA, Asshaari I, Osman H, 
Nopiah ZM, Zaharim A. Comparing lec-
ture and e-learning as learning process 
in mathematics and statistics courses 
for engineering students in Universiti 
Kebangsaan Malaysia. Proc Soc Behav Sci 
2012; 60: 420-5.

Torchiano M. effsize: Efficient Effect Size Com-
putation (Version 0.5.4). CRAN, 2015. 
[Cited 2016 Jan 15]. Available from: https://
cran.r-project.org/web/packages/effsize/
index.html

van Buuren S, Groothuis-Oudshoorn K. mice: 
Multivariate imputation by chained 
equations in R (Version 2011-12-12). J Stat 
Software 2011; 45: 1-67. 

Wang P-Y, Vaughn B K, Liu M. The impact of 
animation interactivity on novices’ learn-
ing of introductory statistics. Comput Educ 
2011; 56: 300-11.

Windish D M, Huot S J, Green M L. Medicine 
residents’ understanding of the biostatis-
tics and results in the medical literature. 
JAMA 2007; 298: 1010-22.

Wittes J. Sample size calculations for random-
ized controlled trials. Epidemiol Rev 2002; 
24: 39-53.


