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Abstract - Unbiasedness of estimator has here been defined on the basis of geometric expectation, 
harmonic expectation & quadratic expectation which are based on the concept of geometric mean, 
harmonic mean and quadratic mean respectively. Unbiased estimators, defined on the basis of these 
three, have been termed here as geometric unbiased, harmonic unbiased & quadratic unbiased 
respectively. 
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1. INTRODUCTION 
Unbiasedness, which in general refers to the quality of being fair and impartial, without prejudice or 
favoritism, can be applied to various situations, from opinions and judgments to statistical estimation [1 , 
14]. 

In statistics, an estimator of a parameter is defined  to be a method for calculating a parameter's value 
from sample data [2 , 11] and the concept of unbiasedness which is regarded as a quality of estimator is 
defined on the basis of the expectation (or expected value) of the estimator [3 , 12 , 15 , 17 , 20]. Unbiasedness 
means that the expected value of an estimator is equal to the true value of the parameter being estimated 
[1 , 12 , 20]. This means that, on average, the estimator will produce the correct value over many trials. 

In statistics, bias of an estimator is the difference between this estimator's expected value and the true 
value of the parameter being estimated [13 , 18 , 19] and accordingly an estimator with zero bias is 
called unbiased.  

In probability theory, the expected value (also called expectation, expectancy, and mathematical 
expectation) of a random variable is defined in general as weighted average of the possible values 
a random variable can take, weighted by the respective probabilities of those possible values [3 ,10 , 12 , 15 
, 17 , 20]. However, the definition of expectation had been existing for a long time on the basis of arithmetic 
mean only and thus this definition of expectation can more specifically be termed as arithmetic 
expectation [4 , 5]. Recently, expectation has been defined on the basis of the concept of geometric mean, 
harmonic mean and quadratic mean which have been termed as geometric expectation [5 , 6 , 7], 
harmonic expectation [4 , 5 , 7 , 8] & quadratic expectation [9] respectively.  

The existing definition of unbiased estimator is based on the concept of arithmetic expectation [12 , 15 , 17 , 
20]. Since unbiased estimator of a parameter is that which estimates the parameter where the expected 
value of the estimator equals the true value of the parameter being estimated, it can also be defined on 
the basis of geometric expectation, harmonic expectation & quadratic expectation. Unbiasedness of 
estimator has here been defined on the basis of these three types of expectation. Unbiased estimators, 
defined on the basis of these three types of expectation namely geometric expectation, harmonic 

https://en.wikipedia.org/wiki/Statistics
https://en.wikipedia.org/wiki/Estimator
https://en.wikipedia.org/wiki/Expected_value
https://en.wikipedia.org/wiki/True_value
https://en.wikipedia.org/wiki/True_value
https://en.wikipedia.org/wiki/Probability_theory
https://en.wikipedia.org/wiki/Weighted_average
https://en.wikipedia.org/wiki/Random_variable
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expectation & quadratic expectation have been termed here as geometric unbiased estimator, harmonic 
unbiased estimator & quadratic unbiased estimator respectively. 

 
2. FOUR TYPES OF UNBIASED ESTIMATOR 
Let  

𝑋1 , 𝑋2 , ………. ,  𝑋𝑛 

be a random sample drawn from a population having parameter θ 

&             T = T(𝑋1 , 𝑋2 , ………. ,  𝑋𝑛) 

be an estimator of the parameter θ. 

If θ0 is the true value of the parameter θ, then B(T) given by 

B(T) = E(T) − θ0 

where E(T) is the expected value of T 

is the bias of estimator T of parameter θ.  

If   B(T) = 0    i.e.   E(T) = θ0 , 

then T is unbiased estimator of parameter θ. 

Four types of unbiased estimators can be defined using the four definitions of expectation namely 
arithmetic expectation, geometric expectation, harmonic expectation and quadratic expectation.   

Arithmetic Unbiased Estimator: 

Applying the concept/definition of arithmetic expectation in the general concept/definition of unbiased 
estimator as mentioned above, it is obtained that 

T can be regarded as arithmetic unbiased estimator of parameter θ if    

EA(T) = θ0 

where EA(T) is the arithmetic expectation of T. 

Bias BA (T) of estimator T for parameter θ, in this case, becomes   

BA(T) = EA (T) − θ0 

which can be regarded as arithmetic bias of estimator T for parameter θ. 

EA (X) can exist and can be defined for any real valued random variable X [4 , 5].   

Accordingly, EA(T) can exists for any real valued estimator T of parameter θ.  

This means, arithmetic unbiased estimator exist in the case of any real valued estimator. 

It is to be noted that the value of parameter θ, in this case, is an unknown real number. 

In this connection, it is to be mentioned that this is the concept/definition of unbiasedness usually 
known/used and are available in the existing literature of statistics.  
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Geometric Unbiased Estimator: 

If the concept/definition of geometric expectation is applied in the general concept/definition of unbiased 
estimator, it is obtained that 

T can be regarded as geometric unbiased estimator of parameter θ if    

EG (T) = θ0 

where EG(T) is the geometric expectation of T. 

Bias BG(T) of estimator T for parameter θ, in this case, becomes   

BG(T) = EG(T) − θ0 

which can be regarded as geometric bias of estimator T for parameter θ. 

EG(X) can exist and can be defined for strictly positive valued random variable X [4 , 5 , 6 but not for any 
real valued random variable X.    

Accordingly, EG(T) can exist for strictly positive valued estimator T of parameter θ.  

This means, geometric unbiased estimator can exist in the case of only strictly positive valued estimator 
but not for any real valued estimator.   

It is to be noted that the value of θ, in this case, is an unknown positive real number. 

Harmonic Unbiased Estimator: 

In a similar manner, if the concept/definition of harmonic expectation is applied in the general 
concept/definition of unbiased estimator, it is obtained that 

T can be regarded as harmonic unbiased estimator of parameter θ if    

EH(T) = θ0 

where EH(T) is the harmonic expectation of T. 

Bias BH(T) of estimator T for parameter θ, in this case, becomes  

BH(T) = EH(T) − θ0 

which can be regarded as harmonic bias of estimator T for parameter θ. 

EH(X) can exist and can be defined for non-zero real valued random variable X [4 , 5 , 7 , 8].    

Accordingly, EH(T) can exist for non-zero real valued estimator T of parameter θ.  

This means, harmonic unbiased estimator can exist in the case of non-zero real valued estimator.   

It is to be noted that the value of θ, in this case, is an unknown non-zero real number. 

Quadratic Unbiased Estimator: 

Again, if the concept/definition of quadratic expectation is applied in the general concept/definition of 
unbiased estimator, it is obtained that  

T can be regarded as quadratic unbiased estimator of parameter θ if    

EQ(T) = θ0 
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where EQ(T) is the harmonic expectation of T. 

Bias BQ(T) of estimator T for parameter θ, in this case, becomes  

BQ(T) = EQ(T) − θ0 

which can be regarded as quadratic bias of estimator T for parameter θ.   

EQ(X) can exist and can be defined for any real valued random variable X [9].   

Accordingly, EQ(T) can exist for any real valued estimator T of parameter θ.  

This means, quadratic unbiased estimator exist in the case of any real valued estimator. 

It is to be noted that the value of parameter θ, in this case, is an unknown real number. 

Note: 

(1)  Geometric expectation of a random variable can also be defined as the antilogarithm of the arithmetic 
expectation of its logarithm [4].  

Accordingly, EG(T) can also be defined as the antilogarithm of the arithmetic expectation of the  logarithm 
of T i.e.  

EG(T) = Antilog {EA(log T)} 

Similarly, harmonic expectation of a random variable can also be defined as the reciprocal of the 
arithmetic expectation of its reciprocal [4].  

Accordingly, EH(T) can also be defined as the reciprocal of the arithmetic expectation of the reciprocal of 
T i.e. 

EH(T) = {EA(T −1)} −1 

Again, quadratic expectation of a random variable can also be defined as the square root of the arithmetic 
expectation of its square [9].  

Accordingly, EQ(T) can also be defined as the square root of the arithmetic expectation of the square of T 
i.e.     

EQ(T) = {EA(T 2)}1/2 

(2) All of EA(X), EG(X), EH(X) & EQ(X) can exist for strictly positive valued random variable X and satisfy the 
inequality [9]  

EA(X) > EG(X) > EH(X) > EQ(X) 

Accordingly, all of EA(T), EG(T), EH(T) & EQ(T) can exist for strictly positive valued estimator T and satisfy the 
inequality        

EA(T) > EG(T) > EH(T) > EQ(T) 

This means, if one of these four expectations is equal to θ, the other three expectations cannot be equal to 
θ.  

This implies, if T is one type of unbiased estimator of parameter θ, it cannot be any other type of unbiased 
estimator of θ. For example, if T is arithmetic unbiased estimator of parameter θ, it cannot be any other 
unbiased (i.e. geometric unbiased, harmonic unbiased & quadratic unbiased) estimator of θ.   
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3. UNBIASED ESTIMATOR OF FUNCTION OF PARAMETER 
The above concepts/definitions of arithmetic unbiased, geometric unbiased, harmonic unbiased & 
quadratic unbiased can be generalized to the case of function of parameter. 

Let  

S = S(𝑋1 , 𝑋2 , ………. ,  𝑋𝑛) 

be an estimator of ϕ(θ), a function of parameter θ. 

Suppose ϕ0 = ϕ(θ0) is the true value of ϕ(θ).   

Arithmetic Unbiased Estimator of ϕ(θ): 

S can be regarded as arithmetic unbiased estimator of ϕ(θ) if    

EA(S) = ϕ0 

where ϕ0 & S are both real valued. 

Bias BA(S) of estimator S of ϕ(θ), in this case, becomes   

BA(S) = EA(S) − ϕ0 

which can be regarded as arithmetic bias of estimator S of ϕ(θ).   

Geometric Unbiased Estimator of ϕ(θ): 

S can be regarded as geometric unbiased estimator of ϕ(θ) if    

EG(S) = ϕ0 

provided S & ϕ0 are strictly positive.  

Bias BG(S) of estimator S of ϕ(θ), in this case, becomes   

BG(S) = EG(S) − ϕ0 

which can be regarded as geometric bias of estimator S of ϕ(θ).   

EG(S) can also be defined as the antilogarithm of the arithmetic expectation of the logarithm of S i.e.  

EG(S) = Antilog {EA(log S)} 

Harmonic Unbiased Estimator of ϕ(θ): 

Similarly, S can be regarded as harmonic unbiased estimator of parameter ϕ(θ) if    

EH(S) = ϕ0 

provided ϕ0 & S are both non-zero.  

Bias BH(S) of estimator S of ϕ(θ), in this case, becomes   

BH(S) = EH(S) − ϕ0 

which can be regarded as harmonic bias of estimator S of ϕ(θ). 

EH(S) can also be defined as the reciprocal of the arithmetic expectation of the reciprocal of S i.e. 

EH(S) = {EA(S −1)} −1 
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Quadratic Unbiased Estimator of ϕ(θ):  

Again, S can be regarded as quadratic unbiased estimator of parameter ϕ(θ) if    

EH(S) = ϕ0 

where ϕ0 & S are both real valued. 

Bias BQ(S) of estimator S of ϕ(θ), in this case, becomes   

BQ(S) = EQ(S) − ϕ0 

which can be regarded as quadratic bias of estimator S of ϕ(θ). 

EQ(S) can also be defined as the square root of the arithmetic expectation of the square of S i.e.   

EQ(S) = {EA(S 2)}1/2 

Note: 

Like the inequality satisfied by EA(T), EG(T), EH(T) & EQ(T) as mentioned above,  in this case also EA(S), EG(S), 
EH(S) & EQ(S) can exist for strictly positive valued estimator S and satisfy the inequality        

EA(S) > EG(S) > EH(S) > EQ(S) 

This means, if one of these four expectations is equal to ϕ0, the other three expectations cannot be equal 
to ϕ0.   

This implies, if S is one type of unbiased estimator of ϕ(θ), it cannot be any other type of unbiased estimator 
of ϕ(θ). For example, if S is arithmetic unbiased estimator of ϕ(θ), it cannot be any other unbiased (i.e. 
geometric unbiased, harmonic unbiased & quadratic unbiased) estimator of ϕ(θ).      

  

4. EXAMPLE 
Let us consider a population following the discrete uniform distribution [16 , 23 , 24] described by the 
probability mass function    

P(X = 𝑥𝑖) = 1

 𝐾
    ,   (𝑥𝑖 = 1 , 2 , ……… , K) 

Let  𝜇𝐴 ,  𝜇𝐺 ,  𝜇𝐻 &  𝜇𝑄 be the population arithmetic mean, the population geometric mean, the population 
harmonic mean & the population quadratic mean respectively. 

Then  

       𝜇𝐴 =  1

 𝐾
 ∑ 𝑟𝐾

𝑟 =1   ,  

      𝜇𝐺 = ( ∏  𝑟 K
r=1 )1/K ,  

      𝜇𝐻 =  { 1

 𝐾
 ∑ 𝑟𝐾

𝑟 =1  – 1 }− 1  

  &  𝜇𝑄 = { 1

 𝐾
 ∑ 𝑟 𝐾

𝑟 =1 2 }1/2     .  

 

Suppose,  

𝑋1 , 𝑋2 , ………. , 𝑋𝑛 
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is a random sample drawn from this population  

and AX  , GX  , HX  & QX  are the sample arithmetic mean, the sample geometric mean, the sample 
harmonic mean & the sample quadratic mean respectively.   

Then  

      AX  =  1

 𝑛
∑ 𝑋𝑖

𝑛
𝑖 =1   ,       

     GX  = ( ∏  𝑋𝑖  
𝑛
𝑖=1 )1/n ,   

     HX  = {1

 𝑛
 ∑ 𝑋𝑖

𝑛
𝑖 =1 – 1 }− 1   

   & QX  = {1

 𝑛
 ∑ 𝑋𝑖

𝑛
𝑖 =1 2}1/2          

Since each 𝑋𝑖 (i = 1 , 2 , ……… , n)  assumes any one of the K values  

1 , 2 , ……… , K  

with equal probability  1

 𝐾
  , therefore 

       EA (𝑋𝑖) =  ∑ 1

 𝐾
 𝑟𝐾

𝑟 =1  =  𝜇𝐴  ,  

      EG (𝑋𝑖) =  (∏  𝑟 𝐾
r=1 1/ K ) =  𝜇𝐺  ,   

      EH (𝑋𝑖) = { ∑ 1

 𝐾
 𝑟𝐾

𝑟 =1  – 1 }− 1 =  𝜇𝐻  ,  

&  EQ (𝑋𝑖) = { ∑ 1

 𝐾
𝑟 𝐾

𝑟 =1 2 }1/2  =  𝜇𝑄  .   

Now  

        EA ( AX ) =  EA (1

 𝑛
∑ 𝑋𝑖

𝑛
𝑖 =1 ) = 1

 𝑛
∑

)( iA XE𝑛
𝑖 =1  = 𝜇𝐴   

This implies, AX  is arithmetic unbiased estimator of 𝜇𝐴.   

Similarly, 

       EG ( GX ) = EG ( ∏  𝑋𝑖  
𝑛
𝑖=1 )1/n  = (

)(
1 =

n

i iG XE
)1/n = 𝜇𝐺   

This implies, GX  is geometric unbiased estimator of 𝜇𝐺 .      

Again,     

      EH ( HX ) = {EA ( HX − 1 ) }− 1   

                    = {EA (1

 𝑛
 ∑ 𝑋𝑖

𝑛
𝑖 =1 – 1  ) }− 1 

                                = { ∑
1

 𝑛

𝑛
𝑖 =1  EA (𝑋𝑖– 1 ) }− 1 

                               =   { ∑
1

 𝑛

𝑛
𝑖 =1   𝜇𝐻– 1 ) }− 1  

                     =  𝜇𝐻    
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This implies, HX  is harmonic unbiased estimator of 𝜇𝐻 .    

Similarly, 

      EQ ( QX ) = {EA ( QX 2 ) }1/2    

                    = {EA (1

 𝑛
 ∑ 𝑋𝑖

𝑛
𝑖 =1 2  ) }1/2 

                                = { ∑
1

 𝑛

𝑛
𝑖 =1  EA (𝑋𝑖2 ) }1/2 

                               =   { ∑
1

 𝑛

𝑛
𝑖 =1   𝜇𝑄2 ) }1/2   

                     = 𝜇𝑄    

This implies, QX  is quadratic unbiased estimator of 𝜇𝑄 .    

 

5. CONCLUSION   
The existing definition of unbiased estimator, which is defined in terms of arithmetic expectation, can be 
regarded as a special definition of unbiased estimator since the concept of unbiasedness is based on the 
expected value, in general, of the parameter to be estimated. Accordingly, each of the four unbiased 
estimators defined above is a special type of unbiased estimator.     

In reality, data are not of the same type in every situation. Similarly, parameters to be estimated are not of 
the same characteristic in the case of different datasets. Accordingly, a specific type of unbiasedness may 
not be valid and proper for finding unbiased estimator of parameter in the case of every dataset. Each of 
the four concepts of unbiasedness is valid and proper for particular type of parameter to be estimated. For 
example, if the arithmetic mean of a population is to be estimated from a random sample, then arithmetic 
unbiasedness is suitable for finding unbiased estimator of the population arithmetic mean. Geometric 
unbiasedness for estimating the population geometric mean, harmonic unbiasedness for estimating the 
population harmonic mean and quadratic unbiasedness for estimating the population quadratic mean 
are suitable for estimating the respective parameters. 

Overall, it can be hoped that the concepts of the four types of unbiasedness in estimation will be useful for 
finding out unbiased estimators of more and more parameters of statistical populations.  

 
REFERENCES 
 
[1] Birnbaum Allan (1961): “A Unified Theory of Estimation, The Annals of Mathematical Statistics. 32(1), 112 

– 135.  doi:10.1214/aoms/1177705145. 
[2] Brown George W. (1947): “On Small-Sample Estimation”, The Annals of Mathematical Statistics, 18(4), 

582 – 585. JSTOR 2236236. 
[3] Chattamvelli, R., Shanmugam, R. (2024). “Mathematical Expectation”, In: Random Variables for 

Scientists and Engineers. Synthesis Lectures on Engineering, Science, and Technology. Springer, Cham. 
https://doi.org/10.1007/978-3-031-58931-7_1.   

[4]  Dhritikesh Chakrabarty (2024): “Idea of Arithmetic, Geometric and Harmonic Expectations”, Partners 
Universal International Innovation Journal (PUIIJ), 02(01), 119 – 124.  www.puiij.com . 
DOI:10.5281/zenodo.10680751.    

https://en.wikipedia.org/wiki/Allan_Birnbaum
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1214%2Faoms%2F1177705145
https://web.archive.org/web/20110310043642/http:/www.universityofcalifornia.edu/senate/inmemoriam/georgewbrown.htm
https://en.wikipedia.org/wiki/JSTOR_(identifier)
https://www.jstor.org/stable/2236236
https://doi.org/10.1007/978-3-031-58931-7_1
http://www.puiij.com/


  Partners Universal International Innovation Journal (PUIIJ) 

Volume: 03 Issue: 04 | July-August 2025 | ISSN: 2583-9675 | www.puiij.com                            

 

© 2025, PUIIJ  | PU Publications | DOI:10.5281/zenodo.17060844                                                    Page | 32  

 

[5] Dhritikesh Chakrabarty (2024): “Arithmetic, Geometric and Harmonic Expectations: Expected Rainy 
Days in India”, Partners Universal International Research Journal (PUIRJ), (ISSN: 2583-5602), 03(01), 119 
– 124. www.puirj.com .   DOI:10.5281/zenodo.10825829. 

[6] Dhritikesh Chakrabarty (2024): “Beautiful Multiplicative Property of Geometric Expectation”, Partners 
Universal International Innovation Journal (PUIIJ), 02(02), 92 – 98.  www.puiij.com . DOI: 
10.5281/zenodo.10999414 . 

[7] Dhritikesh Chakrabarty (2024): “Rhythmic Additive Property of Harmonic Expectation”, Partners 
Universal International Innovation Journal (PUIIJ), 02(05), 37 – 42.  www.puiij.com . 
DOI:10.5281/zenodo.13995073.  

[8] Dhritikesh Chakrabarty (2024): “Additive Property of Harmonic Expectation From That of Arithmetic 
Expectation”, Partners Universal International Innovation Journal (PUIIJ), 2(6), 24 – 30. www.puiij.com .  
https://doi.org/10.5281/zenodo.14629929 . 

[9] Dhritikesh Chakrabarty (2025): “Quadratic Expectation and Some of Its Properties”, Partners Universal 
Innovative Research Publication (PUIRP), 03(02), 74 – 79.  www.puirp.com. 10.5281/zenodo.15292622. 

[10] Hacking I. (2006): “Expectation”, In: The Emergence of Probability: A Philosophical Study of Early Idea 
about Probability, Induction and Statistical Inference, 91 – 101, Cambridge University Press. Published 
online by Cambridge University Press on  05 April 2013.  

[11] Johnson Roger (1994): “Estimating the Size of a Population”, Teaching Statistics, 16 (2 (Summer)), 50 – 
52.  CiteSeerX 10.1.1.385.5463, doi:10.1111/j.1467-9639.1994.tb00688.x . 

[12] Keeping E. S. (1962): “Introduction to Statistical Inference”, Princeton, N.J.: D. Van Nostrand Co., Inc.   
[13] Kozdron, Michael (2016): “Evaluating the Goodness of an Estimator: Bias, Mean-Square Error, Relative 

Efficiency”, Chapter 3, stat.math.uregina.ca. Retrieved 2020-09-11.  
[14]Lehmann E. L. (1951): “A General Concept of Unbiasedness”, The Annals of Mathematical 

Statistics, 22(4), 587 – 592.   doi:10.1214/aoms/1177729549. JSTOR 2236928. 
[15] Murray R. Spiegel, John J. Schiller & R. Alu Srinivasan (2013): “Mathematical Expectation”, In Book 

Schaum's Outline of Probability and Statistics, 4th Edition, Chapter 3, The McGraw-Hill Companies, Inc. 
ISBN: 9780071795579.  

[16] Pepelyshev A. & Zhigljavsky A. (2020): “Discrete Uniform and Binomial Distributions with Infinite 
Support”, Soft Comput, 24, 17517 – 17524.  https://doi.org/10.1007/s00500-020-05190-2 .  

[17] Pfeiffer P. E. (1990): “Mathematical Expectation”, In: Probability for Applications. Springer Texts in 
Statistics, Springer, New York, NY. https://doi.org/10.1007/978-1-4615-7676-1_15.  

[18]Taylor Courtney (2019): “Unbiased and Biased Estimators”, Thought Co, Retrieved 2020-09-12. 
[19]Van der Vaart, H. R. (1961): “Some Extensions of the Idea of Bias”, The Annals of Mathematical Statistics, 

32 (2), 436 – 447.  doi:10.1214/aoms/1177705051.  
[20] Voinov Vassily G.; Nikulin, Mikhail S. (1993): “Unbiased Estimators and Their Applications”, Vol. 1: 

Univariate case. Dordrect: Kluwer Academic Publishers. ISBN 0-7923-2382-3.  
[21] Wojciech Herer (1992): “Mathematical Expectation and Strong Law of Large Numbers for Random  

Variable with Values in a Metric Space  of Negative Curvature, Probability and Mathematical Statistics, 
13(1), 59 – 70.  

[22] Yadav S. K., Singh S. & Gupta, R. (2019): “Random Variable and Mathematical Expectation”, In: 
Biomedical Statistics, Springer, Singapore. https://doi.org/10.1007/978-981-32-9294-9_26. 

[23] Zhigljavsky A, Golyandina N & Gryaznov S (2016): “Deconvolution of a Ddiscrete Uniform Ddistribution”, 
Stat Prob Lett, 118, 37 – 44. DOI: 10.1016/j.spl.2016.06.006 . 

[24] (2008): “Discrete Uniform Distribution”, In: The Concise Encyclopedia of Statistics, Springer, New York, 
NY. https://doi.org/10.1007/978-0-387-32833-1_116. 

  

 

http://www.puirj.com/
http://www.puiij.com/
http://www.puiij.com/
http://www.puiij.com/
https://doi.org/10.5281/zenodo.14629929
http://www.puirp.com/
https://en.wikipedia.org/wiki/CiteSeerX_(identifier)
https://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.385.5463
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1111%2Fj.1467-9639.1994.tb00688.x
http://stat.math.uregina.ca/~kozdron/Teaching/Regina/252Winter16/Handouts/ch3.pdf
http://stat.math.uregina.ca/~kozdron/Teaching/Regina/252Winter16/Handouts/ch3.pdf
https://en.wikipedia.org/wiki/Erich_Leo_Lehmann
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1214%2Faoms%2F1177729549
https://en.wikipedia.org/wiki/JSTOR_(identifier)
https://www.jstor.org/stable/2236928
javascript://
javascript://
javascript://
https://doi.org/10.1007/s00500-020-05190-2
https://doi.org/10.1007/978-1-4615-7676-1_15
https://www.thoughtco.com/what-is-an-unbiased-estimator-3126502
https://projecteuclid.org/download/pdf_1/euclid.aoms/1177705051
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1214%2Faoms%2F1177705051
https://en.wikipedia.org/wiki/ISBN_(identifier)
https://en.wikipedia.org/wiki/Special:BookSources/0-7923-2382-3
https://doi.org/10.1007/978-981-32-9294-9_26
http://dx.doi.org/10.1016/j.spl.2016.06.006
https://doi.org/10.1007/978-0-387-32833-1_116

