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of the Mean

Abstract
The mean value is commonly used as a measure of central 
tendency. It is frequently reported along with either the standard 
deviation (SD) or the standard error of the mean (SEM). While 
the SD reflects the dispersion of the data in both the sample 
and population, SEM indicates the precision of the mean. SEM 
is not commonly used in reporting science; however, the 95% 
confidence interval, which is calculated based on SEM, is 
frequently reported in scientific literature.
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Introduction

Many scientists who have a good command of statistics know 
that to inform readers of the center of a normally distributed 
dataset, the mean of the data is commonly reported.1, 2 A review 
of the biomedical literature reveals that the mean is frequently 
reported along with either the standard deviation (SD) or the 
standard error of the mean (SEM), as indices of data dispersion. 
SD is predominantly reported in clinical articles, and SEM in 
basic science papers. For years, there have been debates, even 
among editors,3 on which of these two indices, SD or SEM, is 
more appropriate to report.4, 5 I would like to discuss this issue 
through a case study, and I hope this will ultimately help you 
identify which index to use. 

Case Study

Suppose we wanted to determine fasting blood sugar (FBS) 
distribution in a population, such as those residing in Shiraz, 
southern Iran. To do so, assume that we measured FBS 
in 36 randomly selected individuals (Box 1) and found that 
the mean and SD of this dataset were 106 and 30 mg/dL, 
respectively. Visual examination of the distribution revealed 
that the data very likely followed a normal distribution 
(figure 1). Here, I do not elaborate on how to determine if 
the distribution of a dataset follows a normal distribution or 
not; for the time being, only accept that there are ways to 
test this hypothesis and assume that our data were normally 
distributed.6, 7 
Box 1: Fasting blood sugar levels measured in 36 studied participants. The 
data are sorted.
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From basic statistics, we know that 95% of 
the data points that follow a normal distribution 
lie within two SDs around the mean.8 Therefore, 
we expect that 34 (≈ 0.95×36 [sample size]) data 
points are within 106±2×30, from 46 to 166 mg/dL,  
which is consistent with our observations (Box 1,  
yellow figures). Therefore, the SD reflects the 
dispersion of data values around the mean.9 

We conducted this study to estimate the 
mean FBS levels in the study population. We 
assumed that the calculated mean of 106 mg/dL  
was an acceptable estimate of the true 
population mean. This leads us to the important 
question of how accurate our measurement 
was. In other words, how far off is the calculated 
mean FBS from the true population mean?  

Let us determine the answer to this question by 
conducting an imaginary experience.

What would be the mean FBS if we repeated 
the same study and measured the FBS in another 
group of 36 individuals randomly selected from 
the same population? With a high probability, 
the new value would be different from 106, the 
value we observed in our study (Box 1). If we 
draw a random sample of 36 people from this 
population and calculate the mean FBS for each 
sample, and then repeat the process 10 times, 
we will have 10 FBS means. The histogram 
representing the distribution of these 10 means 
obtained from our imaginary experience is 
not very informative (figure 2, leftmost panel). 
However, with an increase in the number of 
replicas (e.g., with 50, 200, and 10 000 replicas 
[means]), the distribution of the FBS means 
approaches a normal distribution. The mean 
of this distribution (technically, the mean of the 
several mean values) is very close to the true 
population mean (figure 2, orange solid line).9 

Similar to any other distribution, this 
distribution of FBS means also has an SD. 
In statistical parlance, this SD is termed the 
standard error of the mean (SEM). Like all other 
normal distributions, we expect that 95% of 
the data points (in our example, mean values 
of study replicas) fall within the two SDs of this 
distribution (here, 2×SEM) around the mean 
of the distribution (mean value of FBS means) 
(figure 2, interval bounded by the dashed red 
lines). For 10 000 replicas (figure 2, rightmost 
panel), the mean value of the 10 000 FBS means 
was 104.97 mg/dL; the SD of the 10 000 FBS 
means (the SEM) was 5.01 mg/dL. Therefore, 
9500 of 10 000 replicas (95% of the FBS means) 

Figure 1: Histogram of the distribution of fasting blood 
sugar (FBS) values measured in 36 individuals. The dashed 
blue line represents the mean value of 106 mg/dL. The red 
curve represents the best normal curve fitted to the data. 
The graph was plotted using SPSS® for Windows® ver 26. 

Figure 2: Histogram of the distribution of fasting blood sugar (FBS) means for four replica values (n of 10, 50, 200, and 10 000 
repeats). The orange lines represent the true population mean of 105 mg/dL. Dashed red lines indicate the 95% confidence 
interval for the mean (mean±2×SEM).
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should theoretically fall between 94.95 and 
114.99 (104.97±2×5.01) mg/dL. This interval is 
technically called the 95% confidence interval 
(CI) for the mean — the range of data values 
within which we can be 95% confident that the 
true population mean lies.

SD vs. SEM
Thus far, we have learned that while the SD 

describes the dispersion of data values around 
the mean, SEM reflects the dispersion of the 
distribution of mean values (if we conducted 
replicas of the study a large number of times) 
around the population mean, based on which 
we can calculate the 95% CI of the mean.1, 7  
While the SD reflects the dispersion of the 
data (in both the sample and population), SEM 
shows the precision of the mean. That is fine, 
nonetheless, should we necessarily conduct 
the same experience many times to calculate 
the SEM ? The answer is [fortunately] no. It is 
possible to estimate SEM based on sample SD 
using the following equation:

    (Eq. 1)

where n represents the sample size (here, 36). 
Therefore, for our study, the estimated SEM is:

  (Eq. 2)

which is very close to the value calculated from 
10 000 replicas, SEM of 5.01 mg/dL.

How to Report the Statistics
As examples, let us report the statistics 

necessary to answer the following three 
questions.

Q1. What are the mean and SD of the FBS 
distribution in the sample studied?

The mean (SD) FBS level in the study sample 
was 106 (30) mg/dL. 

Q2. What are the mean and SD of the FBS 
distribution in the population? 

We cannot be sure of this. However, based 
on the available evidence (our findings) the best 
estimate for the mean (SD) FBS of the study 
population is 106 (30) mg/dL.

Q3. How can we ensure that the mean of  
106 mg/dL (what we observed) is close to the 
true population FBS mean?

Based on the calculated SEM (Eq. 2), we 
are 95% confident that the true population FBS 
mean lies between 96 and 116 (mean±2×SEM, 
106±2×5) mg/dL.

Therefore, we can state that “The mean (SD) 
FBS level was 106 (30) mg/dL.” or state that 
“The mean FBS level was 106 (95% CI 96 to 
116) mg/dL.” depending on the message being 
conveyed. The former statement focuses on the 
distribution of data in the sample and population, 
whereas the latter stresses the precision of the 
measured mean value. 

Examining Eq. 1 reveals that the SEM is 
always smaller than the SD.4, 9 Many authors 
(and sometimes editors) chose to use SEM 
to pretend that the variability in their data was 
low. However, converting SEM into SD and vice 
versa is a piece of cake for you now that you are 
aware of their relationship (Eq. 1). 

SEM is not commonly used in reporting 
science; the 95% CI, which is calculated based 
on SEM, is. In the charts and graphs (e.g., in 
bar charts), the error bars should preferably be 
the 95% CI rather than the SD or SEM. Finally, 
while you may now be familiar with the use of SD 
and SEM, it is important to remember that as an 
author, it is essential to adhere to the guidelines 
set by the journal to which you are submitting 
your work.
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