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ABSTRACT 

For the sample size below 30, to compare two sample means, t-test is 

advocated. In my recent, study (Takiar 2023), for small samples (≤10), at 5%  

 level, it was shown that the t-test   can pick up 11.1%, 18.6% and 31.1% of 

the expected significant differences, between two sample means for the 

sample size of 3,6 and 9, respectively. Further, it was shown that Z test with 

estimated variance attains relatively a higher negative validity than the t-

test.  In the present study, an attempt is made to evaluate the validity of t-

test as compared to Mann Whitney test and Z-test when the sample size is 

above 10 and below 30? The four set of Normal population of size 200, with 

different means and standard deviations, are generated and termed   as P1, 

P2, P3 and P4 and comparisons are made between the   means of    P1 with 

P2 on one hand and P3 and P4 on the other hand. From each population, 

500 Random samples of size 12, 18 and 24 are generated.   The comparison 

between two sample means is carried out using the   t-test, Mann Whitney 

test, and Z-test with estimated sample variance. For the study purposes, 

three α levels are chosen namely 5%, 10% and 15%. At 5%  level, the 

negative validity of   the t-test and Mann Whitney test is observed to be 
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around 38%, 53% and 64% for the sample size of 12, 18 and 24, respectively. 

At 10%  level, the corresponding negative validity figures are 51%, 65% and 

75%. At 15%  level, the comparable negative validity figures are 60%, 72%, 

81%. At 5% and 10%  level, the   t-test and Mann Whitney test   are not 

suitable when the sample size is below 20.  The results suggest that Z-EV test 

scores 5-8% more negative validity as compared to other two tests. When 

the sample size is between 15 and 30, Z-EV test can be used dropping the t-

test and Mann Whitney test. Further, it is advised that   level should be 10% 

or 15% not 5%, as traditionally used.  

Keywords: t-test, Mann Whitney test, Z-EV test, a level, Negative validity,   

 

INTRODUCTION 

A Z test is used for comparisons of two sample means, if the samples are large enough (≥ 30) 

and they are drawn from the same normal population with the known variance. In case of small 

samples, with the sample size below 30, the t-test is advocated (Snedecor and Cochran 1967, Gupta 

and Kapoor 2001, Gupta 2012). In my recent, study (Takiar 2023), for small samples (≤10), at 5%  

level, it was shown that in more than 90% of the cases, the t-test is good enough in picking up correctly 

the non-significant differences. However, it picks up only 11.4%, 18.6% and 31.1% of the expected 

significant differences, between two sample means for the sample size of 3,6 and 9, respectively,   

when they are known to have been drawn from the two different normal populations. Further, it was 

shown that for small samples (≤ 10), the Z-test with estimated variance (Z-EV) can pick up 10% to 20% 

relatively more expected significant differences than the t-test. It was concluded therefore that even 

for small samples, Z-EV test is relatively a better choice than the t-test and the Mann Whitney test. 

The problem with the t-test is that it tends to accept H0 very often then required. In the present study, 

an attempt is made to evaluate the validity of t-test as compared to Mann Whitney test and Z-EV test   

when the sample size is above 10 and below 30? 

OBJECTIVES  

• The objectives of the present study when the sample size is between 10 and 30, are:   

• To evaluate the validity of t-test?  

• The evaluate the performance of the t-test in comparison to Z-EV test and Mann Whitney 

test? and 

• To evaluate and compare the effect of sample size on the validity of the selected Significant 

tests?  

MATERIAL AND METHODS 

GENERATION OF NORMAL POPULATIONS 

 The four sets of Normal populations of size 200, with different means and standard 

deviations, are generated with the help of the function key “Random number Generation” provided 

in StatPlus 7.6.5.  For the study purposes, they are termed as P1, P2, P3 and P4 and comparisons are 

made between the means of  P1 with P2 on one hand and P3 and P4 on the other hand. The major 

parameters of the above four populations are provided in Table 1.  



Vol.11.Issue.3.2023 (July-Sept.) Bull .Math.&Stat.Res ( ISSN:2348 -0580)  
 

 

3 Ramnath Takiar 

Based on the mean comparisons, the distribution of the population P1 is found to be 

significantly different from that of the population P2 on one hand and the distribution of the 

Population P3 with that of P4, on the other hand. 

Table 1: Description of Parameters of the Selected Populations with 

the result of Significance test 

Parameter 
NORMAL POPULATION  

P1 P2 P3 P4 

N 200 200 200 200 

Mean 55.5 44.2 65.8 76.1 

SD 16.01 11.7 16.79 17.94 

Z Value 8.03 5.95 

P-value < 0.001 < 0.001 

Critical t value at 

0.001 
3.09 3.09 

 

SAMPLE SELECTION 

The Scheme of sample selection by different population and size is shown in Table 2. From 

each population, 500 Random samples of size 12, 18 and 24 are generated using the key “Random 

Sample” available with StatPlus 7.6.5.  Thus, for each Normal Population, 1500 samples are drawn, as 

shown below: 

Table 2: Scheme of Sample Selection according to Population, Sample 

size and Number of Samples drawn  

Population 
 

Sample size 
Total 

12 18 24 

P1 500 500 500 1500 

P2 500 500 500 1500 

P3 500 500 500 1500 

P4 500 500 500 1500 

Total 2000 2000 2000 6000 

 

SCHEME OF COMPARISONS BETWEEN THE MEANS OF SAME NORMAL POPULATIONS 

 The number of possible mean comparisons according to each sample size and Population is 

shown in Table 3. In total, the above scheme allows us to have 6000 mean comparisons.  

  



Vol.11.Issue.3.2023 (July-Sept.) Bull .Math.&Stat.Res ( ISSN:2348 -0580)  
 

 

4 Ramnath Takiar 

Table 3: The Scheme of Mean Comparisons among Samples of same Population by 

the Varying Sample size   

Sample Size 
Samples for 

Comparisons 

Number of 

Mean 

comparisons 

Samples for 

Comparisons 

Number of 

Mean 

comparisons 

12 
P1 with P1* 500 P3 with P3* 500 

P2 with P2* 500 P4 with P4* 500 

18 
P1 with P1* 500 P3 with P3* 500 

P2 with P2* 500 P4 with P4* 500 

24 
P1 with P1* 500 P3 with P3* 500 

P2 with P2* 500 P4 with P4* 500 

Total 3000 Total 3000 

* - Samples with Changed Sequence 
  

 

SCHEME OF COMPARISONS BETWEEN THE MEANS OF DIFFERENT NORMAL POPULATIONS 

 The number of possible mean comparisons according to each sample size and Population is 

shown in Table 4.  

Table 4: The Scheme of Mean Comparisons among the Samples of same Population 

by the Varying Sample size   

Sample Size 
Samples for 

Comparisons 

Number of 

Mean 

comparisons 

Samples for 

Comparisons 

Number of 

Mean 

comparisons 

12 
P1 with P2 500 P3 with P3* 500 

P1 with P2* 500 P4 with P4* 500 

18 
P1 with P2 500 P3 with P3* 500 

P1 with P2* 500 P4 with P4* 500 

24 
P1 with P2 500 P3 with P3* 500 

P1 with P2* 500 P4 with P4* 500 

Total 3000 Total 3000 

* Samples with Changed Sequence 
  

In  above scheme, the sample means are compared between the populations of P1 and P2 on 

one hand and P3 and P4 on the other hand. Additionally, comparisons are made between sample 

means of P1 with P2* on one hand and P3 with P4* on other hand.   In total, for three selected sample 

sizes, 6000 mean comparisons are made.  
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The formulae used are as follows:      t = 
�̅�1−�̅�2

√
𝑆1

2

𝑛1
 + 

𝑆2
2

𝑛2

 ;            Z -EV= 
�̅�1−�̅�2

√
𝑠1

2

𝑛1
 + 

𝑠2
2

𝑛2

  

Where 𝑆2 = 
𝟏

(𝒏−𝟏)
𝜮(𝒙𝒊 − �̅�)𝟐         𝑠2 = 

𝟏

𝒏
𝜮(𝒙𝒊 − �̅�)𝟐 

SIGNIFICANCE TEST FOR TWO SAMPLE MEAN COMPARISONS 

In the present study, the comparison between two sample means is carried out using the 

following three tests namely t-test, Mann Whitney test, and Z  test with estimated sample variance, 

termed as Z-EV test. For the study purposes, three α levels are chosen namely  5%, 10% and 15%.  

VALIDITY OF T-TEST AND Z-TEST  

WHEN SAMPLES ARE DRAWN FROM THE SAME NORMAL POPULATION 

   In this case, the Null Hypothesis is that “The sample means compared are not significantly 

different from each other.” Since, the samples are known to have been drawn from the same normal 

population, it is logical not to reject the Null Hypothesis. Thus, the validity of the test under 

consideration can be defined as follows: 

Positive Validity = [Number of non-significant differences found correctly /500] *100 

Thus, the positive validity will range from 0 to 100.  

 WHEN SAMPLES ARE DRAWN FROM TWO DIFFERENT NORMAL POPULATIONS 

 In this case, as usual, the Null Hypothesis is that “The sample means compared are not 

significantly different from each other.” Since, the samples are known to have been drawn from the 

different normal populations, it is logical to reject the Null Hypothesis. Thus, the validity of the test 

under consideration can be defined as follows: 

Negative Validity = [Number of significant differences found correctly /500] *100 

Like, the positive validity, the negative validity will also range from 0 to 100.  

ANALYSIS OF THE DATA  

 For simultaneous comparisons of means of all the 500 samples, a program developed on Excel 

2019, is utilized.  In Z-EV test, the estimated sample variance is utilized.  The function keys available 

on Excel 2019, are utilized to arrive at the probability of the calculated Z and t-statistic. To obtain the 

result by the Mann Whitney test, SPSS program, 2023 version, is utilized. To assess which test is better 

in picking up either the significant or the non-significant differences, correctly, the results obtained by 

the t-test, Mann Whitney and Z-EV test, at the given  level, are obtained and compared.  

RESULTS 

COMPARISON OF TWO SAMPLE MEANS WHEN SAMPLES ARE DRAWN FROM THE SAME NORMAL 

POPULATION 

The Results of t-test, Mann Whitney test and Z-EV test, for testing the expected non-significant 

differences between sample means by the varying   levels, for the sample size of 12,  are shown in 

Fig.1.  
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Assuming 80% as the cut-off level, the positive validity is acceptable at all the three  levels. 

The difference in the validity is not much between the t-test, Mann Whitney test and the Z-EV test.  

The Results of t-test, Mann Whitney test and Z-EV test, for testing the expected non-significant 

differences between sample means by the varying  levels, for the sample size of 18, are shown in 

Fig.2. Again, the positive validity is acceptable at all the three  levels. The difference in the validity is 

not much between the t-test, Mann Whitney test and the Z-EV test.  

 

The Results of t-test and Z-EV test, for testing the expected non-significant differences 

between the sample means by the varying  levels, for the sample size of 24, are shown in Fig. 3. Here, 

also, the positive validity is quite high and acceptable at all the three  levels. Like before, the validity, 

is almost similar in all the three tests.  
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Fig. 1: The % of Sample means correctly classified as non-significant  by the 
Significant Test and the Alpha Level  - Pooled for P1, P2, P3, P4 - Sample size 12
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Fig. 2: The % of Sample means correctly classified as non-significant  by the 
Significant Test and the Alpha Level  - Pooled for P1, P2, P3, P4 - Sample size 18
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COMPARISON OF TWO SAMPLE MEANS WHEN SAMPLES ARE DRAWN FROM TWO DIFFERENT 

NORMAL POPULATIONS 

The Results of t-test, Mann Whitney test and Z-EV test, for the expected significant differences 

between two sample means by the varying  levels, for the sample size of 12, are shown in Fig.4. 

The negative validity, that is the ability to pick up correctly, the significant differences between 

two sample means is quite low. At 5%  level, the validity is around 38% for the t-test and the Mann 

Whitney test and 45.8% for the Z-EV test. However, it improves with the rise in  levels. For the t-test, 

for  level of 10% and 15%, the negative validity is found to be 51.3% and 59.9%, respectively. The 

validity of the Mann Whitney test is found to be comparable with the of t-test. In case of Z-EV test, as 

compared to t-test and Mann Whitney test, the negative validity is found to be relatively higher by 

approximately 5%.    

 

 

The Results of the t-test, Mann Whitney test  and the Z-EV test, for the expected significant 

differences between two sample means by the varying  levels, for the sample size of 18, are shown 

in Fig.5.  
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Fig. 3: The % of Sample means correctly classified as non-significant  by the 
Significant Test and the Alpha Level  - Pooled for P1, P2, P3, P4 - Sample size 24
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Fig. 4: The % of Sample means correctly classified as  Significant  by the 
Alpha Level  - Pooled for P1, P2, P3, P4 - Sample size 12

t-test Mann Whitney Z test -EV
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At  = 5%, the negative validity is observed to be around 52.0% for the t-test and the Mann 

Whitney test and 58.2% for the Z-EV test. At =  the negative validity is around 64.0% for the       

t-test and the Mann Whitney test as against 69.0% seen in the case of Z-EV test. At  = 15%, the 

negative validity crosses the level of 70% for all the three tests. In general, the negative validity is 

observed to be higher for the Z-EV test as compared to other two tests.   

The Results of the t-test, Mann Whitney test and the Z-test, for the expected significant 

differences between two sample means by the varying  levels, for the sample size of 24, are shown 

in Fig.6.  

At  = 5%, the negative validity is around 63.0% for the t-test and the Mann Whitney test. It 

is 68.9% for the Z-EV test. At  = 15%, the negative validity crosses 80% for all the three tests 

considered.    

 

An attempt is also made in the present paper to find out the effect of sample size on the 

negative validity of the considered test. The variation in the % significance by the sample size and 

Alpha level for the t-test is shown in Fig. 7.    
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Fig. 5: The % of Sample means correctly classified as  Significant  by the 
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 It is to be noted that for the t-test, the sample size of 12, at  = 5%, the validity is only 38% 

which is not acceptable. It changes to 52.0% and 63.2% for the sample size of 18 and 24, respectively. 

This raises the doubt of continuing the use of t-test even when the sample size is 24 and  is 5%. 

However, with the rise in  levels, the scenario changes favorably. At  = 10%, for the sample size of 

18, the validity  registered the level of  64.8% which raises to 75.1% for the sample size of 24. At  = 

15%, for the sample size of 18, the validity is 72.5% which raises to 80.9% for the sample size of 24. 

The variation in the % significance by the sample size and Alpha level for the Mann Whitney-

test is shown in Fig. 8.    

Surprisingly, the Mann Whitney test appears to be comparable in negative validity to the t-

test at all the three   levels.  

 

The variation in the significance by the sample size and Alpha level for the Z-EV-test is shown in Fig. 9. 
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Fig. 7: The % of Sample means correctly classified as Significant  by the t-
test, Alpha Level  and the Sample size  - Pooled for P1, P2, P3, P4  
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%  

At  = 5%, for the sample size of 12, for Z-EV test, the negative validity is only 45.8%. It changes 

to 58.2% and 68.9% for the sample size of 18 and 24, respectively which is not acceptable.  At  =10%, 

for the sample size below 20, the negative validity remains below 70% while for the sample size of 24, 

the negative validity attains the level of 78.2%.  At  = 15%, for the sample size of 18, the validity is 

75.5% which raises to 83.8% for the sample size of 24. 

DISCUSSION  

The present study is in continuation to the study reported earlier, comparing, t-test, Mann 

Whitney test and Z EV test (Takiar 2023). In our previous study we dealt with the sample size of 9,6 

and 3. In the present study, the sample sizes considered are 12,18 and 24. In previous study, it was 

reported that there was no problem in picking up the expected non-significant differences. In the 

present study also, no problem is found in picking up the expected non-significant differences 

correctly. Whether  is 5%, or 10%, the ability of all the three tests remained more than 90% 

suggesting that the three tests considered are associated with the higher positive validity.  However, 

the situation does not remain the same when we wish to consider the negative validity.   

The findings of study, strongly points out that when  =  whether the sample size is 12, 

18 or 24, the negative validity remains low and is observed to be below 65%. With  =  it is 

expected that if we carry out 100 mean comparisons, when samples are known to have been drawn 

from two different normal populations, only 5% comparisons should be rejected by chance but based 

on the findings of the current study, the t-test is rejecting around 38%. This amounts to failure of the 

theory and belief that the t-test should be employed for small samples. It can be concluded therefore 

that the t-test cannot be accepted as a suitable test for picking up the expected significant differences 

between the sample means.  

When we choose  = 10%, the negative validity for the t-test remains below 65% for the 

sample size of 12 and 18. However, it changes to 75.1%, when the sample size is 24. While the negative 

validity improves with  = 15%, many researchers may not like to go for such a higher level of  The 

best possible solution is therefore to use t-test when the sample size is 20 or above and  is essentially 

equals to 10% or 15%.  By choosing  = 15%, there is a gain in negative validity and which will increase 

to more than  75% which may be quite acceptable to many.  Which level of negative validity should 

be acceptable, can be a point of discussion? If one wants to stick to the  level of 5%, then the t-test 
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and Mann Whitney test are found to be associated with very low negative validity and thus not 

suitable to carry out the mean differences and can be dropped from the future comparisons of sample 

means when n is below 30.  

 In the case of Mann Whitney test, its performance is observed to be comparable with that of 

t-test. It may make very little difference when you choose t-test or Mann Whitney test for comparing 

the significant differences between two sample means. Again, the best possible scenario for these 

tests is also that the sample size should be 20 or more and  is essentially equals to 10% or 15%. 

In the case of Z-EV test, in comparisons to other two tests, the negative validity is found to be 

higher at all the three selected  levels.  In view of Z-EV test scoring better in negative validity as 

compared to t-test, Z-EV test can be opted instead of t-test even for testing the significance differences 

between 2 sample means when n is 20 or above and  = 10% or 15%.  

CONCLUSIONS 

•  At  = 5%, for the all the three selected sample sizes namely 12, 18 and 24, the negative 

validity remained below 65% for the t-test and the Mann Whitney test.  

• Such a low negative validity observed in the case of t-test and Mann Whitney test raises a 

doubt about their continuing use   when the sample size is below 30. 

• Even at  = 10%, for the sample size of 12 and 18, the negative validity for the t-test and Mann 

Whitney test remained below 70%. 

• It is concluded therefore that the t-test and Mann Whitney test are not suitable when the 

sample size is below 20.  

• Relatively, at all the sample sizes selected, the Z-EV test performed better as compared to the 

t-test and the Mann Whitney test.  

• Based on the results obtained in the present study, it is concluded that the use of Z-EV test is 

more appropriate as compared to the t-test and the Mann Whitney test even when the sample 

size is above 18 and below 30.     

RECOMMENDATIONS 

• Assuming the negative validity of 70% or above is acceptable, the minimum sample size should 

be above 18 and  to be 10% or 15%.  

• For small samples, between 18 and 30, Z-EV test can be used instead of t-test or Mann 

Whitney test.  

• In case of very small samples (below 15), to get more meaningful and valid results, it is advised 

to choose essentially the  level to be 15%.   
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