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Principles of Sample Size for any Study 

 Too small sample size will limit the conclusions that can 

be made from your study 

 

 Too large sample size will result in unnecessary 

expenditures of time, money, and effort to reach 

conclusions that could have been made with fewer 

subjects 

 

 Statistical theory can be used to compute the smallest 

sample size that can be used to achieve the study 

objectives 

 

 
 

 Sample size Determination is ‘the 

mathematical process of deciding, before a 

study begins, how many subjects should be 

studied 

  

 Sample size calculations for research projects 

are an essential part of a study protocol and 

proposal for submission to ethical 

committees, research funding bodies and 

some peer review journals. 
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The factors to be taken into account include; 

 

 The incidence or prevalence of the condition 

being studied  

 

 The estimated or presumed relationship among 

the variables in the study.  

 

 The power that is desired.  

 

 The maximum allowable magnitude of type I 

error.  

 

 
When designing a study, the following errors must be taken 

into consideration:  

 

 Type I error 

 Type II error 
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Statistical Power  

 
 The power of a statistical test is the probability that 

the test will reject the null hypothesis when the null 

hypothesis is false 

 

 The chance of a Type II error occurring decreases as 

the power of a test increases. 

 

 The probability of a Type II error occurring is 

referred to as the false negative rate (β). Therefore, 

power is 1 – β 

 

Sample Size Criteria 

 In addition to the purpose of the study and 

population size, three criteria must be 

specified to determine the appropriate sample 

size: 

  

 The level of precision, 

 

 The level of confidence or risk, 

 

 The degree of variability in the attributes 

being measured 

http://en.wikipedia.org/wiki/Statistical_hypothesis_testing
http://en.wikipedia.org/wiki/Null_hypothesis
http://en.wikipedia.org/wiki/Type_I_and_type_II_errors
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Strategies for Determining Sample Size 

 

 Using a census for small populations  

 

 Imitating a sample size of similar studies 

 

 Using published tables 

 

 Software programs 

 

 Applying formulas to calculate a sample size 

But why using Formulae?   

 It is possible to use one of them to construct 

a table that suggests the optimal sample size 

given; 

 

 a population size,  

  a specific margin of error, 

 a desired confidence interval.  
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 Many researchers (and research texts) suggest 

that the first column within the table should 

suffice (Confidence Level = 95%, Margin of 

Error = 5%). 

  



14/11/2017 

7 

Note:  

 All the sample estimates discussed present figures for 

the minimum possible sample size for the desired level 

of confidence 

  

 Should the proportion of the sample with the desired 

characteristic be substantially different than 50%, then 

the desired level of accuracy can be established with a 

smaller sample 

   

 If the prevalence of the attribute of interest is not 

known, it is wisest to assume that it will be 50% 

 

 The number of sub-groups (or “comparison” 

groups) is another consideration in the determination 

of a sufficient sample size 

    

 Since the parameter must be measured for each sub-

group, the size of the sample for each sub-group 

must be sufficiently large to permit a reasonable 

(sufficiently narrow) estimation 

 

 Treat each sub-group as a population and then use 

the table to determine the recommended sample size 

for each sub-group   
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The formula used for the calculations in the 

Table was: 
 

Where; 

n = sample size;  

χ2 = Chi-square for the specified confidence level at 1   

degree of freedom;   

N = population size;  

P = population proportion (0.50 in the table);  

M.E = desired margin error (expressed as a proportion)  

TYPES OF STUDIES  

&  

APPROPRIATE  

SAMPLE SIZE FORMULA 
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Recall: Power of a Study 

 
 The higher the power of a sample, the larger 

the sample size 

 

 Typically, the statistical power is chosen 

between 0.80 and 0.95 

One Sided Comparisons 

 When comparing a new treatment and a control 

treatment, exposed and unexposed individuals, 

or case subjects and controls, researchers may 

only be interested in detecting differences in 

one direction i.e 

 

 To know if the new treatment is better than the 

control treatment 
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Two sided comparisons 

 When researchers are interested in detecting 

whether one group differs from the other group by 

a certain level regardless of the direction of the 

difference. For example: 

 

 If we want to know whether the rate of continued 

use of oral contraceptives among women who take 

a lower dose is greater than or less than the rate 

of continued use of oral contraceptives among 

women who take the standard dose. 

     For sample size formula 

Level of significant One sided Two sided 

α Zα Zα 

0.10 1.28 1.65 

0.05 1.65 1.96 

0.025 1.96 2.24 

0.01 2.33 2.58 
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   For sample size formula 

β 1-β (Power) 

0.50 0.50 0.00 

0.40 0.60 0.25 

0.30 0.70 0.53 

0.20 0.80 0.84 

0.15 0.85 1.03 

0.10 0.90 1.28 

0.05 0.95 1.65 

0.025 0.975 1.96 

0.01 0.99 2.33 

Adjusting the Sample Size for Non-response 

 

 If information are obtained directly from 

the study subjects, sample size needs to be 

adjusted for non-response 

 

 Due to refusal to participate or to continue 

with the study, incorrect information in 

the sampling lists. 
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 Sample size represents the number of subjects for 

whom complete information must be obtained and not 

the number of subjects who should be selected for the 

study 

 

 Sample size should be multiplied by the adjustment 

factor, q 

 

 

 where; f is the estimated non-response rate 

 
Types of Studies  

 

 Descriptive Studies 

 

 Randomized Clinical Trials 

 

 Cohort Studies 

 

 Case Control Studies 

 

 Case Control Studies with 

unequal group sizes 
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Descriptive Studies 

 

 In a descriptive study, the interest is in 

obtaining an estimate of the 

proportion of the population that 

possesses or develops a particular 

health outcome or attribute 

 

 Cross-sectional 

Where; 

 p is the proportion or a best guess about 

the value of the proportion of interest 

 

 If no information is known about p, then 

choose p=0.5 

 

 d is the tolerance i.e how close is the 

proportion of interest is to the desired 

estimate e.g. Within 0.05 
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Example 1 

 suppose we wish to evaluate a state-wide extension 

program in which farmers were encouraged to 

adopt a new practice. Assume there is a large 

population but that we do not know the variability 

in the proportion that will adopt the practice; 

therefore, assume p=0.5 (maximum variability). 

Furthermore, suppose we desire a 95% confidence 

level and ±5% precision.  

 

Finite Population Correction for Proportions 

 If the targeting population is small, then the sample size 

can be reduced slightly. Where n is the sample size and 

N is the population size. 
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 Suppose the evaluation of farmers' adoption of the 

new practice only affected 2,000 farmers  

 

 As you can see, this adjustment can substantially 

reduce the necessary sample size for small 

populations.  

 

Example 2 

 A study was designed to estimate 2008 cumulative 

incidence (CI) of ectopic pregnancy in a country. A 

sample of medical records was reviewed to extract 

demographic data, final diagnosis and surgical 

procedures. In 2007, the CI of ectopic pregnancy 

was estimated at 4.5 per 1,000 reported pregnancies. 

The investigator wanted to have a confidence level 

of 0.95 that their estimate will be within 0.0005 of 

the actual value. The required sample size for this 

study is? 
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Here;      d = 0.0005, p = 0.0045 

       1-α = 0.95⇒α = 0.05, Zα = 1.96 

 However, if the researcher had been willing to 

be 0.001 (increase the precision) of the actual 

proportion instead of 0.0005 

 

 

 

 

 

 Allowing the estimate to be less precise lowered 

the number of medical records that needed to be 

sampled. 

 

 However, it is usually recommended that the 

error difference be {0.01 - 0.05} 
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Note that; 

 In a descriptive study, if we feel that the calculated 

sample size is too small for our study, we may 

introduce power only if we are using the same 

subject for experimental purpose (e.g. Before and 

After administering a new drug). This is because 

some of the subjects might be lost to follow-up 

 

Formula for Sample Size for the Mean 

 

 The use the formula for the sample size for the 

mean. The formula of the sample size for the 

mean is similar to that of the proportion, except 

for the measure of variability. σ2 is the variance of 

an attribute in the population. 
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 The disadvantage of the sample size based on the 

mean is that a "good" estimate of the population 

variance is necessary 

 

 Often, an estimate is not available 

 

 Furthermore, the sample size can vary widely from one 

attribute to another, because each is likely to have a 

different variance 

 

 Because of these problems, the sample size for the 

proportion is frequently preferred.  

 

Randomized Clinical Trials 

 In randomized clinical trials, we compare 

the proportion of participants with 

specified outcome in a group that 

receives treatment A (new treatment) 

and the proportion of participants with 

the same outcome in a group that receives 

treatment B, the control (standard 

treatment or placebo) 
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= The proportion of the participants in the control 

group who are expected to exhibit the outcome of 

interest 

 

= The proportion of the participants in the new 

treatment group who are expected to exhibit the 

outcome of interest 

Example 3 

 Estrogen has been associated with most of the undesirable 
side effects of the combined oral contraceptive (OC) pill. 
Lower doses of estrogen should decrease the frequency 
and duration of side effects, such as nausea, headache and 
vomiting. A randomized clinical trial was designed to 
compare the rate of continued use among women who 
took a standard-dose oral contraceptive and the rate of 
continued use among women who took a low-dose oral 
contraceptive. Previous studies have shown that at 12 
months the rate of continued use for the control treatment 
is 60%.  

 

 Determine the sample size n, if there should be a 90% 
chance that a difference in continuation rates  is 10% 
(d=0.10) 
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Here; 

 
 

 

f = 0 because all women who dropout are considered discontinuous   

Cohort Studies 

 In cohort studies, we compare the proportion of 

participants with a specified outcome who are 

exposed to a potential health risk and the 

proportion of participants with the same 

outcome who are not exposed to the potential 

health risk.  

 

 The two groups are called exposed and 

unexposed 
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= The proportion of the participants in the unexposed group 
who are expected to exhibit the outcome of interest 

 

= The proportion of the participants in the exposed group 
who are expected to exhibit the outcome of interest 

 

f = The proportion of study subjects who are expected to 
leave the study for reasons other than the outcome under 
investigation 

 

Example 4 

 We compare dysmenorrhoea among women who had 

had sterilization surgery and non-sterilized women who 

had used barrier methods. Assume that dysmenorrhoea 

occurs in about 10% of women who have used barrier 

methods. Further, suppose the investigator wants to 

detect a doubling (i.e., 20%) of the risk of 

dysmenorrhoea, if it exists among the women who 

have had sterilized surgery with a statistical power of 

0.90. The level of significance is set at 0.05; up to 10% 

of the participants are expected to drop out.  

 

 Then compute the sample size for this study? 
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This is one sided test; (doubling of the level) 

Case-Control Studies 

 As with the cohort studies, case-control studies are 

designed to determine whether individuals who are 

exposed to a health risk are more likely to exhibit 

the outcome of interest than individuals who are 

not exposed to the health risk 

 

 In case-control studies, we compare the exposure 

histories of individuals who have had the outcome 

(cases) and individuals who have not had the 

outcome (controls). 
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The sample size formula for case-control studies 

Where; 

=The estimate of the proportion of individuals  among the 

cases who were exposed 

 

=The proportion of individuals  among the controls whom 

we expect have been exposed 

 

= The odds of the outcome of interest among individuals 

who were exposed divided by the odds of the outcome 

of interest among individuals who were not exposed. 

  

 The odd ratio that is to be tested as being statistically 

significant is specified by the researcher  
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Example 5 

 The controls were non-pregnant women 18 to 44 years old 

who were admitted to surgical or medical services in 

selected hospitals. The investigator estimated that about 

5% of the controls were using IUDs at the time of their last 

menstrual periods. The cases were women 18 to 44 years 

old who were admitted to the same hospitals with a 

diagnosis of ectopic pregnancy.  

 

 The investigator wants to be able to detect, with a 

statistical power of 0.95, a doubling in the level of ectopic 

pregnancy among IUD users, if it exists. The level of 

significance desired is 0.05. 

 

Solution: 
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Case-Control Studies with Unequal Group sizes 

 At times a study design cannot be designed with equal 

numbers of cases and controls 

 

 If the outcome of interest is a rare phenomenon, we 

may not be able to enrol large number of cases 

 

 Usually, more individuals are eligible to be control 

than cases 

 

 Thus, a slight modification to the formula earlier 

provided allows us to compute the sample size . 

 The researcher should specify the ratio of r controls to cases 

 

 Then, the formula is modified by using a factor; 
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Using example 5, but with unequal group sizes 

 The researcher assumes that the occurrence of ectopic 

pregnancies is relatively infrequent and decides to enrol 

three controls for every woman enrolled with a diagnosis of 

ectopic pregnancy. 

 

Therefore;  

 The required number of cases is 413 and the required number 

of control is 

 3x413= 1,239 

 

 The total sample required is  

 1,239 + 413 =1,652 
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Comparison; 

 

 For balanced design: 

 n = 724 cases + 724 control =1,448 subjects 

 

 For unequal groups: 

 n = 1,239 + 413 =1,652 subjects 

 

Which is better? 

Remember the choice is conditional 

In General 

 Single proportion: 

 If the proportion of the outcome of interest in the general 

population is p0 and the sample estimate is p1, then the 

difference to be detected is p0-p1. 
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Example 6 

 The initial compliance rate with the procedure for 

the home management of malaria was 40%. How 

many mothers are needed for a health educator to 

detect an improvement of 25% following an health 

education talk if he is willing to make a type 1 error 

of 2% with a power of 90%? 

Solution 

 Since he wants to detect an improvement of 25%, 

then the health educator wants an absolute 

difference of 10% (25% of 40%) and will 

therefore want compliance rate to increase from 

40% to 50% 
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For Comparison of Two Proportions 

Discussion 

 Chemistry 

 Microbiology 

 Agriculture – Plants 

      Animals 

 

 How do we determine the sample 

size for other subjects other than 

human beings? 
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Practice Exercises 

True or false 

a) Hypothesis testing is the foundation for determining sample size 

and assessing statistical power. 

b) If the test fails to reach significance, it may be that the study has 

high power rather than that the null hypothesis is true. 

c) In a general sense, the greater the sample size, the more accurate 

the results. 

d) Sample size for descriptive studies is based on hypothesis testing 

e) A sample size that is too large will limit the conclusions that can be 

drawn from the study. 

f) If the power is sufficient, failure to achieve significance may 

indicate a reasonable difference in the outcome. 

g) The proper interpretation of a test that fails to reach significance is 

based largely on the level of power of the study. 

Suggested Answers 

a) T 

b) F 

c) T 

d) F; no, it is based on confidence 

intervals. 

e) F; no, too small a sample will 

f) F; no, it will indicate a negligible 

difference 

g) T 
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Match 
a) The risk that the investigator is willing to 

make for committing a type I error; also 

called the significance level. 

b) The probability of rejecting the null 

hypothesis when it is actually false; equal to 

1-β. 

c) The probability of committing a type II error. 

d) Affirms that there is no difference between 

the populations being compared with respect 

to the parameter under study. 

e) When, as a result of a test of significance, a 

null hypothesis is not rejected when it is false. 

f) When as a result of significance, a null 

hypothesis is rejected when it should not have 

been rejected because it is true.  

a) Type I 

error 

b) Type II 

error 

c) α 

d) β 

e) Power 

f) Null hyp 

g) Alt hyp 

 

Suggested solution 

 c 

 e 

 d 

 f 

 b 

 a 
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Question  

 Consider the problem of assessing the level of maternal 

mortality associated with caesarean delivery in a large 

network of hospitals. An estimate of the level can be 

obtained by reviewing a sample of medical records. 

Previous studies in similar hospital settings have 

estimated that the level of maternal mortality for all 

deliveries (caesarean and vaginal) was about 10 per 

1,000. It is desired that the estimate be within two deaths 

per 1,000 of the actual level with 90% confidence; 

 What type of formula do we use to estimate the 

sample size? 

Answer 
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Question 

 A case-control study is being designed to examine the 

association between IUD use and pelvic inflammatory 

disease (PID). It is estimated that 20% of the controls are 

currently IUD users. Further, it is desirable to have a sample 

size large enough to detect a ratio as large as 2 of the 

proportions of IUD users who developed PID relative to the 

proportion of non-IUD users who develop PID. A level of 

significance of 0.05 and power of 0.80 are required. 

 

 Calculate the sample size for a balanced design. 
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 The World is too large to be studied, but a 

representative sample will make a difference. 

 Inadequate sample size is inimical to your study 

 Too large sample size may lead to unnecessary 

procedures 

  From now on, compute appropriate sample size 

with the right formula 

 Use good data collection procedures 

 Your research will reveal numerous findings that 

are reliable, consistent with literatures and will be a 

novel. 

Thank U  

     


