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This text does not report the results of a research 
study nor is it a bibliographic review. It does not 

conform to the formal structure of Original Re-

search Articles or Review Articles. It is a “teaching 
collaboration” that does not appeal to the authority 

criterion of any author, but rather to rigorous scien-

tific reasoning, and aims to show that: 

a) In most cases it is arbitrary and wrong to require 
“scientific” proof that the “N” used in a study is 

appropriate. 

b) It is even more erroneous to accept as correct 
alleged demonstrations that demonstrate noth-

ing. 

c) The formulas for estimating the appropriate 

sample size for each study have little usefulness 
in most cases, because in reality there are many 

sizes that are valid and there is not one in par-

ticular that is “the appropriate one.” 
d) Contrary to common belief, the mathematical   

. 

formulas used in this context do NOT say what 
N should be used, and therefore it makes no 

sense for reviewers to demand from authors a 

“scientific” justification of the size used. 
e. Putting an end once and for all to this chain of 

misunderstandings and errors would save time, 

effort, and discomfort for many researchers. To 

do so they do not need to learn more mathemat-
ics or implement more sophisticated proce-

dures. Quite the opposite, the correct approach 

is simpler and more direct than the incorrect 
one. 

f. What is correct is for the researcher to use the 

number of individuals that their resources al-

low. If the study is well conducted, that sample 
will provide useful information. In light of the 

results provided by it, it will be decided whether 

it is appropriate to subsequently expand the 

study by incorporating more individuals. 
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Introduction 

When planning a medical research study, one of the 
first issues to decide is the number of individuals, 

“N”, that we will use. Statistics books contain sec-

tions entitled “The minimum sample size required 

to…”, with formulas of the type de N = Z2 · s2 / d2, 

and many physicians believe that one of these for-
mulas will give them the “appropriate” or “mini-

mum necessary” size for their research. But when 

attempting to apply it they encounter serious diffi-
culties because they lack certain basic knowledge at 

that point. Therefore, in many cases they end up tak-

ing the number of individuals that their resources al- 
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low, although they believe - wrongly - that this is 

incorrect from the scientific point of view, and they 
believe - wrongly - that they should justify the cho-

sen size with a mathematical formula. Unfortu-

nately, some textbooks and biostatistics teachers do 
not sufficiently clarify the issue and help to spread 

that error. (3) 

The same belief is held by reviewers of scientific 

articles for journals and evaluators of research pro-
jects, who often require authors to “rigorously” jus-

tify the sample size used. If one of these formulas or 

some phrase referring to them appears in the text 
they are judging, they usually assume that this rig-

orously endorses the size of the sample used. And if 

they do not see such formulas or phrases in the text, 

they understand that this endorsement is missing 
and ask the author to justify the choice of the size 

used. Generally the author corrects their text at that 

point, adding one or two sentences that the reviewer 

usually accepts. 

In some cases it is a logical and necessary process, 

in which the evaluator detects a real deficiency and 
the author corrects it properly. But in not a few cases 

the reviewer’s request is inappropriate and the sen-

tences the author sends in response to justify the N 

used justify nothing and on many occasions are 
manifestly unintelligible. Both parties involved in 

this dialogue are unfamiliar with the topic and ex-

change sentences that neither the writer nor the 

judge understands. 

We are facing a collective misunderstanding that af-

fects a large part of the scientific establishment in 
all developed countries. Putting an end once and for 

all to this chain of misunderstandings and replacing 

it with correct methods would save time, effort, and 

discomfort for many researchers. To do so they do 
not need to learn more mathematics or implement 

more sophisticated procedures. Quite the opposite, 

the correct approach is simpler and more direct than 
the incorrect one. Any researcher can access it if it 

is explained clearly. 

To achieve this goal the first condition is that we all 

recognize the problem. (1, 2, 17) The second is that 
researchers know that replacing incorrect concepts 

with correct ones does not require learning mathe-

matics and that these are simpler than those, so that 
to master them one only needs to apply basic logic 

(4,5). In what follows we see the very limited use-

fulness of the formulas that give the sample size. 
(NOTE: Numerical probabilities are expressed in 

this text interchangeably as a proportion or as a per-

centage. If in a group of N = 40 there are 10 obese 

individuals, we will say that the proportion is 0.25 

or 25%). 

An anecdote to draw attention to an error 

Dr. Julia Feynman is beginning her doctoral thesis 
work and decides to conduct a study to estimate the 

proportion of obese individuals in the population of 

Florida. 

To determine the number of people she must survey, 

she visits a biostatistician who, after discussing the 

case with her, suggests interviewing 27250 people. 

But on the way back she meets another biostatisti-
cian on the train who, after discussing the case with 

her, suggests interviewing 50 people. Suspecting 

that she had made some mistake when giving the 
data requested by the experts or that one of them 

made an error in their calculations, she speaks again 

with each of them, but, to her surprise, both reaf-

firmed their number. 

To resolve the conflict she convenes a committee of 

the best experts in the State. After a brief delibera-

tion those convened unanimously agree that both bi-
ostatisticians had acted correctly, and they add that 

374 would be an appropriate size. 

Julia cannot get over her astonishment, perplexity, 
and anger, and decides to convene a committee of 

the best experts worldwide. After listening to her, 

the new committee members agree that the three 

sizes previously proposed were correct and add that 
1040 would be an appropriate size. Finally, Julia 

gives up on the “scientific” calculation of the “ap-

propriate size” of the sample and decides to act ac-
cording to the human and economic resources avail-

able to her. She surveys a random sample of 1000 

people and finds that 200 of them are obese, p = 
0.20). She tries to publish an article saying that in 

the sample studied 20% were obese and that the 

Confidence Interval for the population percentage, , 

was:     IC95% (P) = p ± 1.96 · [ p (1-p) / N ]1/2   =   

17.5%   y   22.5% 

She sends the manuscript to a scientific journal and 

they tell her that the topic is interesting and the study 

is well designed, but they cannot publish it because 

the sample size is not “scientifically” justified. She 
then sends it to another journal that publishes it 

without raising objections. 

Is the objection of the first journal justified? Does 
the second journal act with less “scientific rigor”? 

We will soon see that it does not. (8) 

 
The formula for calculating the “necessary” 

sample size to estimate a population proportion 

The only way to know the proportion of obese indi-

viduals in a population is to assess that value in all 

the individuals of that population. But in practice we  
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take a sample and calculate the sample proportion, 

which in general does not have exactly the same 
value as the population proportion. We expect it to 

have a “similar” value, but how good will the ap-

proximation of the sample proportion to the popula-

tion proportion be? The answer is: 

In general, the larger the sample, the better that ap-

proximation will be. (4, 5) 

Julia tries to take a sample large enough for the sam-
ple value to be very close to the population value, 

and at the same time as small as possible, to save 

time and money. It is a general belief that there is an 
ideal size that is the minimum, and therefore the 

cheapest, among those large enough to give a good 

approximation. But the reality is that in most situa-

tions there is no such ideal size, and the decision 
about how many individuals to include in our re-

search does not depend on a statistical calculation. 

When it is explained to Julia that, contrary to her 
belief, there is no size that is “appropriate” for the 

research she is planning, she responds that in statis-

tics books there are formulas to calculate those sizes 
and she believes that by applying one of them the 

ideal size for her project will appear. It is true that 

those formulas exist, but we will see that each for-

mula can give many different answers, all of them 
valid, for the sample size sought. Therefore, in the 

final decision of the sample size to use in a research 

study, these formulas carry very little weight. 

From the sample proportion, p, the researcher cal-

culates a Confidence Interval, CI, within which we 

believe the population proportion is found. In gen-
eral, the larger the sample, the more precise the es-

timation will be; that is, the CI for the population 

value, CI(π), will be narrower. 

This is the formula found in all books and on the 

Internet. (1,2) 

 

 

 

We see that N depends on three quantities, p’, Z and 

d, whose meaning is: 

p´  Indicates the order of magnitude of the popula-

tion proportion that we are trying to know with the 

study we are planning. That value is not known; that 

is why a study is going to be done to find out what 
it is. The quantity p’ to be inserted in the formula 

must be one that we suppose will be close to the pro-

portion we are trying to determine. If there is no in-

formation about it, we set p´ = 0.5. 

!
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Note that if p´ = 0.10 then p´ (1-p´) = 0.1 x 0.9 = 

0.09 

Note that if p´ = 0.30 then p´ (1-p´) = 0.3 x 0.70 = 

0.21 

Note that if p´ = 0.50 then p´ (1-p´) = 0.5 x 0.50 = 

0.25 

That is, N will be larger when the population pro-

portion takes a value around 50% than when it is 

very small or very large. 

d  The formula allows us to calculate the probability 

that p differs from  by less than any quantity, d, that 

we choose. That is, that the proportion that appears 
in the sample does not differ from the population 

proportion by more than “d”:  | π - p| < d. This quan-

tity must be decided by Julia and there are no “math-

ematical” or “scientific” criteria for doing so. De-
pending on the value chosen for “d”, the formula 

yields an N. 

Z  But there is no N that totally guarantees that it 
will be | π - p| < d. Julia’s confidence that this will 

occur is greater the larger N is. The Z value in the 

formula depends on how large we want that confi-
dence to be. For example, for 90% confidence, Z = 

1.65. For 95% confidence, Z = 1.96; for 99% confi-

dence, Z = 2.58, etc. (Readers familiar with the 

NORMAL DISTRIBUTION will recognize that Z 
is the value that leaves between it and its negative 

that % of the values of the Normal Distribution. But 

that knowledge is not necessary to follow the logical 

reasoning we are dealing with). (13) 

Let us apply the formula to have 90% confidence (Z 

= 1.65) that the p that appears in the sample does not 
differ by more than 7 percentage points (d = 0.07) 

from the true population proportion, π, assuming 

that the population proportion is on the order of 10% 

(p´= 0.10). 

N = (0.1 x 0.9) 1.65 2 / 0.07 2 = 50 

The chosen values of p’, d and confidence are rea-

sonable, as are many other possible ones, and there 
is no objective reason that makes those quantities 

more valid than other similar ones. But with other 

values of p’, d and Z the result can be very different. 

Other possible choices are shown in Table 1. 

What does each of these sizes guarantee us? If we 

take a sample of N = 50 we have probability 0.90 

that the proportion found in the sample will not dif-
fer from the population proportion, π, by more than 

0.07, if π is on the order of 0.10. What does that 

probability 0.9 mean?? That in 90 out of every 100 
times that we repeat taking a sample of that size, the 

sample p differs from the population p by less than   

. 
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0.07. (16, 14) 

And if we take a sample of N = 374 individuals we 
have a 99% probability that the proportion we will 

obtain in that sample will differ by less than 0.04 

from the population proportion we want to estimate, 
if it is on the order of 0.10. But if the population 

proportion is on the order of 50%, to have a 99% 

probability that the sample proportion will differ by 

less than 0.04 from the population proportion, we 

need N = 1040. 

We see, then, that the formula is not to determine 

the “appropriate size”, but rather to calculate the 
“performance” that each size provides. And in order 

to use it we have to: 

a) Estimate the population proportion, p´ 

b) Choose the maximum difference that we would 
not want to exceed between the sample propor-

tion we obtain in the sample we are going to 

study, p, and the population proportion, π. 
c) Choose the confidence we want to have that the 

above occurs. (10) 

Note the difference between “estimating” and 
“choosing”. If someone asks me for the number of 

inhabitants of my city, I will say that I do not know 

it exactly, but I estimate that it is around 500 000. 

And if they ask me what number of inhabitants I 
consider most appropriate for a city to be comforta-

ble and have all services, I will say that I choose 

around 70 000. 

 

What is the most reasonable and correct atti-

tude? 

When Julia asks statisticians what the appropriate 

sample size is for the research she plans to conduct, 

they must answer that there is no such “appropriate” 

size. In the vast majority of cases, the size proposed 
by the researcher based on common sense and on 

the availability of time and material resources is per-

fectly valid. Although, of course, the larger N is, the 
more information it provides. In many cases it may 

help the researcher to have a table showing the sizes 

corresponding to various values of Z, d, and p’. For 

example, the following table gives N for d = 0.06 or 
0.02, and p’ = 0.10 or 0.50, and for confidence lev-

els of 90% or 99%. 

In this way, Julia sees that any size between the 
smallest and the largest in this table, and also others 

that do not differ much from those extremes, are ac-

ceptable. If she decides to study 68 people and the 
population proportion is on the order of 10%, she 

will have a 90% probability that π differs from p by 

less than 6 percentage points, above or below. And   

. 

that is quite useful information. But if she has a 

great deal of time and money available, she may 
study, for example, 4160 people and then she will 

have a 99% probability that π differs from p by less 

than 2 percentage points, if π is on the order of 50%. 
This information will be much more precise, but this 

does not imply that the sample of N = 68 is useless. 

(11) 

In summary: researchers and reviewers must know 
that there is no appropriate sample size for the re-

search they are planning. And very rarely can it be 

said that the size is insufficient. In the next article 
we will see that a study with N = 5 can be com-

pletely valid and very useful. (9) 

In other cases the researcher’s objective is to esti-

mate the population mean of a numerical variable, 
such as blood pressure or blood glucose. And in 

other cases the objective is to perform a statistical 

test comparing two means or two proportions, etc. 
In each of these situations the corresponding for-

mula relates N to other parameters that the re-

searcher must agree upon, and the N obtained varies 
markedly depending on the values given to those pa-

rameters. The evaluators of the second journal acted 

correctly and those of the first made a mistake that, 

unfortunately, is very common in our time. 

 
Inadequate sample sizes 

Although there is no sample size that is “the appro-

priate one”, since very different sizes are valid, cer-

tain sizes are clearly “inadequate”, because they are 

excessively large or excessively small. For exam-
ple, if in the case at hand Julia had used a sample of 

N = 50,000 and found p = 0.30 in the sample, the 

confidence interval for the population proportion 
would be IC95% (π) = 0.3 ± 1.96 [0.3 × 0.7 / 

50,000]¹ᐟ² = 29.6% and 30.4%, which is unneces-

sarily narrow. Probably an interval two or three 

times wider would be sufficiently informative. And 
if she had found that same sample proportion in a 

sample of N = 20, it would be IC95% (π) = 0.3 ± 

1.96 · [0.3 × 0.7 / 20]¹ᐟ² = 10% and 50%, which is 

clearly imprecise. 

 
Inadequate sample sizes 

Although there is no sample size that is “the appro-
priate one”, since very different sizes are valid, cer-

tain sizes are clearly “inadequate”, because they are 

excessively large or excessively small. For exam-

ple, if in the case at hand Julia had used a sample of 
N = 50,000 and found p = 0.30 in the sample, the 

confidence interval for the population proportion   

. 
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would be IC95% (π) = 0.3 ± 1.96 [0.3 × 0.7 / 

50,000]¹ᐟ² = 29.6% and 30.4%, which is unneces-

sarily narrow. Probably an interval two or three 
times wider would be sufficiently informative. And 
if she had found that same sample proportion in a 
sample of N = 20, it would be IC95% (π) = 0.3 ± 

1.96 · [0.3 × 0.7 / 20]¹ᐟ² = 10% and 50%, which is 

clearly imprecise. 

Here, as in many areas of science and life in general, 
it happens that there are extreme values that are 
clearly inadequate, but this does not imply that there 
is a value that is “the correct one”. If we talk about 
the number of dollars needed to buy a new car, it is 
obvious that $1,000 is insufficient and $500,000 is 
manifestly excessive, but this does not mean that 
there is a “correct” amount. For example, $10,000 
and $20,000 and $60,000 and many other amounts 
are valid. (10) 

Certainly, there are contexts, for example random-
ized trials with planned hypothesis testing, where 
sample size planning may help avoid underpowered 
or overpowered studies. But even in those cases, 
formulas depend on unobservable assumptions and 
still do not produce a single “correct” sample size. 
The only reasonable option is to manage a board 
with different options. 

Furthermore, most studies involve interest in more 
than one variable and the formula will give different 
results depending on the variable to which it refers. 
It must also be taken into account that many com-
parisons of interest will affect subgroups of the sam-
ple, whose sizes cannot be predicted in advance. 

 
A succession of lies and simulations that harm 

everyone and benefit no one 

As we have said, many members of the committees 
responsible for approving and funding projects re-
quire that sample sizes be justified with mathemati-
cal formulas. Most researchers do not know how to 
use those formulas nor how to interpret their result. 
When they are forced to handle them in research 
projects they include sentences they do not under-
stand, copied from other projects, whose authors 
also did not understand them and had, in turn, cop-
ied them from others. This gives rise to a chain of 
simulations that leads to an absurd situation. The 
steps of that sequence are: 

1. In the process of “blind” copying, typographical 
errors accumulate that the copyists do not detect 
because they do not understand what they are 
copying. 

2. Most of the evaluators mentioned above do not   
. 

understand those sentences and accept them as 
valid, including the typographical errors. 

3. The approved projects fall into the hands of 
other authors of new projects, who repeat the 
copying process adding new typographical er-
rors. 

4. The repeated practice of this ritual has led to the 
fact that in many projects one reads totally ab-
surd sentences, but approved by evaluators. 

5. On some occasions this simulation is also car-
ried out orally, at scientific conferences and in 
the defense of doctoral theses. With regard to 
sample size, the researcher confidently states an 
unintelligible sentence and the examining com-
mittee solemnly nods. One could speak of a 
“double-blind” agreement, where neither party 
understands anything and both simulate under-
standing. (11) 

 
Conclusions 

1. In every study it is necessary to decide how 
many individuals to include, and many re-
searchers believe — erroneously — that this de-
cision is made by applying a mathematical for-
mula. 

2. The formulas related to this topic do not say 
what size the sample of a research study should 
have; they only help calculate the performance 
that the sample will have depending on its size. 

3. Some researchers do not know how to use these 
formulas nor how to interpret their result, but 
when they are forced to handle them in research 
projects, they include sentences they do not un-
derstand, copied from other projects whose au-
thors also did not understand them and had, in 
turn, copied them from others. 

4. The reality is that there is no “more appropriate” 
size that optimizes the cost/benefit ratio. Many 
sample sizes, excluding the extremely small or 
extremely large ones, are valid. 

5. The larger the sample, the more information it 
gives us about the population. This increase in 
information as the sample size increases is grad-
ual and there is no cutoff point that separates 
sufficient sizes from insufficient sizes. 

6. The formulas do not tell us which size should be 
used, but rather how the confidence that the es-
timation error does not exceed a certain amount 
depends on the size. This confidence and the 
magnitude of that maximum error must be cho-
sen by the researcher according to their good 
judgment. There are no mathematical or biolog-
ical arguments to help them in that choice. 

7. The size yielded by the formula is also influ-
enced by the population proportion of dichoto-   
. 
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Table 1. Sample Size Options for Different Precision Targets and Confidence Levels (p' = 0.10 to 0.50) 
 

Confidence d p´  N 

90% .07 .10 1.65 2 (0.1 x 0.9) / 0.07 2 50 

99% .04 .10 2.58 2 (0.1 x 0.9) / 0.04 2 374 

99% .04 .50 2.58 2 (0.5 x 0.5) / 0.04 2 1040 

99.9% .01 .50 3.3 2 (0.5 x 0.5) / 0.01 2 27,225 

 

 

 
Table 2. Confidence Interval Width as a Function of Sample Size: Showing Both Excessive Precision and 

Inadequate Precision 

 

 p´= 0.10 p´= 0.50 

 Conf.= 90% Conf.= 99% Conf.= 90% Conf.= 99% 

d = 0.06 68 166 267 462 

d = 0.02 613 1498 2401 4160 
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mous variables. Since the researcher does not 

know that value, they must assume it, which in-
troduces another factor of imprecision. 

8. Although it is not appropriate to speak of ade-

quate sizes, it is appropriate to speak of inade-
quate sizes, either because they are extremely 

small and give rise to estimation errors with   

. 

very wide margins, or because they are ex-

tremely large and give rise to unnecessarily 
small estimation errors. 

9. In the next article we will see that a study with, 

for example, N = 5 can be completely valid and 

very useful. (15) 
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