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ABSTRACT Objective: Although it is frequently encountered in 

many studies to examine the relationships between different 
features of the individuals by using correlation coefficient, it is a 

situation that can be ignored to statistically test whether there is a 

difference between the correlation coefficients obtained. In this 
study, it is aimed to compare the performances of statistical tests 

proposed for the comparison of dependent overlapping correlation 

coefficients, in terms of their Type I error rates, within the 
framework of a wide simulation scenario. Material and Methods: 

The 6 test procedures were compared with a simulation study, 

conducted at 5 different intercorrelation magnitudes, with 5 different 
null correlation coefficient magnitudes, at 6 different sample sizes. 

Results: Pearson and Filon’s z (PF) test performed poorly compared 
to other 5 procedures in most cases. For small intercorrelation 

magnitudes Steiger's modification of Dunn and Clark's z (SM) test, 

Meng, Rosenthal, and Rubin’s z (MRR) test, Rosenthal, and Rubin’s 
z test, Hittner, May, and Silver’s modification of Dunn and Clark’s z 

(HMS) test and ZOU’s approach for overlapping correlations (ZA) 

procedures outperformed PF test and Hendrickson, Stanley, and 
Hills’ modification of Williams’ t test (HSHM) especially in small 

to moderate sample sizes. For larger intercorrelation coefficients, 

HSHM test gave better results in small to moderate sample sizes 
and ZA procedure maintained its superiority at the 0.7 

intercorrelation level. Conclusion: Tests’ performances in terms of 

Type I error are affected from the magnitude of null correlation, 
magnitude of intercorrelation and sample size, in different ways. It 

will be helpful to consider these issues when selecting the 

appropriate statistical test. 
 

Keywords: Comparing correlation coefficients;  

                   dependent correlations; overlapping variables 

 

ÖZET Amaç: Pek çok çalışmada, birimlerin farklı özellikleri arasın-

daki ilişkilerin araştırılması sık karşılaşılan bir durum olmakla birlikte 
elde edilen 2 korelasyon katsayısı arasında istatistiksel olarak anlamlı 

fark olup olmadığının test edilmesi genellikle göz ardı edilen bir du-

rumdur. Bu çalışmada, bağımlı örtüşen korelasyon katsayılarının kar-
şılaştırılması için kullanılan istatistiksel testlerin performanslarının 

Tip I hata düzeyi bakımından, geniş bir simülasyon senaryosu çerçe-

vesinde karşılaştırılması amaçlanmıştır. Gereç ve Yöntemler: Altı 
farklı test prosedürü, ortak olmayan değişkenler arasındaki korelas-

yon katsayısının 5 farklı düzeyi için 5 farklı yokluk hipotezi korelas-

yon katsayısı düzeyi için ve 6 farklı örneklem büyüklüğünde karşılaş-
tırılmıştır. Bulgular: Pearson ve Filon’un z (PF) testi pek çok durum-

da diğer 5 testten daha kötü performans göstermiştir. Ortak olmayan 
değişkenler arasındaki korelasyon katsayısının düşük düzeyleri için 

ve özellikle küçük-orta örneklem büyüklüklerinde; "Steiger's 

modification of Dunn and Clark's z" (SM), “Meng, Rosenthal, and 
Rubin’s z test”, “Hittner, May, and Silver’s modification of Dunn and 

Clark’s z (HMS) test” ve "ZOU’s approach for overlapping 

correlations" (ZA) testleri, PF ve “Hendrickson, Stanley, and Hills’ 
modification of Williams’ t (HSHM)” testlerinden daha iyi perfor-

mans vermiştir. Ortak olmayan değişkenler arasındaki korelasyon 

katsayısının yüksek düzeylerinde ise küçük-orta örneklem büyüklük-
lerinde HSHM testi daha iyi sonuçlar vermiş ve ZA prosedürü 0,7 

iner-korelasyon düzeyinde üstünlüğünü korumuştur. Sonuç: Testlerin 

Tip I hata oranları bakımından performansları, korelasyon katsayıları-
nın büyüklükleri ve örneklem büyüklüklerindeki değişimlerden farklı 

şekillerde etkilenmektedirler. Uygun istatistiksel testi seçerken bu 

noktalara dikkat edilmesi faydalı olacaktır. 
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To explore the existence of a possible relationship between 2 variables is one of the main tasks in al-

most all quantitative research, including those in the social and behavioral sciences. Whether these 2 vari-

ables, which are measured from the individuals of the same sample, are related to each other, and if so, the 

degree and the direction of this relationship is usually examined with the Pearson product-moment correla-

tion coefficient.
1,2

 Many studies involve evaluating the magnitudes of 2 such correlation coefficients in a 

comparative manner. At this point, instead of just looking at the correlation coefficients or using various ex-

ploratory data analysis methods, it is important to test whether there is a statistically significant difference 

between the correlation coefficients and to check whether the observed difference between the coefficients 

occurs by chance, in order to interpret which variables have a stronger correlation.  

In the topic of comparing 2 correlation coefficients, there are broadly 2 main situations. One situation 

is that; it can be aimed to compare 2 correlation coefficients from independent samples.
3
 In the second 

situation, the difference of 2 correlation coefficients measured within a single sample might be the matter 

of interest, which yields dependent correlation coefficients. For this second situation, correlations will 

have a correlation matrix of their own.
4
 The most common situation when comparing 2 dependent correla-

tion coefficients is that the correlations share a common variable. We would like to correlate X with Y and 

X with Z, and would like to investigate whether the correlation between X and Y is larger/smaller than the 

correlation between X and Z.
5
 Or for instance, we would like to calculate the correlations between the 

percentage of giving correct answer in one task and the activity of 2 brain regions (e.g. parietal and occipi-

tal). For this example, if the correlation of percentage of correct answers and the activity in one region 

was statistically significant and the correlation of percentage of correct answers and the activity in the 

other region was not statistically significant, this could lead to a fallacy if the researcher stops the analysis 

at this stage because that does not mean that the 2 correlations differ.
6
 Comparing these 2 situations re-

quires the usage of a statistical test for the hypothesis test of the difference between 2 correlation coeff i-

cients. 

When there is a common variable in the calculation of correlation coefficients, this situation is usually 

referred to as “overlapping” correlations.
7
 Many tests have been proposed to examine this issue in the litera-

ture.
5,7-15

 However, performing a statistical test to compare the magnitudes of the correlation coefficients is 

often overlooked in researches. In this study, it is aimed to compare the performances of the statistical tests 

proposed for the comparison of 2 dependent overlapping correlation coefficients, in terms of Type I error 

levels, within the framework of a wide simulation scenario, and also to demonstrate the usage of these statis-

tical tests on real clinical data. 

    MATERIAL AND METHODS 

We compared 6 test procedures for the case of comparing 2 dependent correlation coefficients obtained from 

the same sample which has one variable in common (overlapping). Let the 2 correlations that are being com-

pared would be     and    . Their related sample statistics can be given as     and    , for a sample with a 

size of  . For these notations the test statistics for testing the hypothesis of             vs.            , 

which performances were compared in the present study can be given as follows. 

I. PEARSON AND FILON'S Z TEST 

The first test statistic was provided by the Pearson and Filon which follows standard normal distribution, and 

was given as in equation-1.
4,16
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In equation-1, the term   was given as follows. 

  

           
     

   
 

 
               

     
     

                                                                

 

II. HENDRICKSON, STANLEY, AND HILLS’ MODIFICATION OF WILLIAMS’ T TEST  

After Hotelling (1931) proposed a test statistic for comparing 2 dependent correlations that have a variable in 

common, Williams (1959) performed a modification on the Hotelling’s test.
8,9

 This test provided by Hen-

drickson and Collins
 
was

 
as a modification of the test statistics provided by Williams.

9,13
 The test statistics 

follows t distribution with n-3 degree of freedom (equation-3).
13,15,17 

 

  
                       

      
         

        
 

       

                                                                                                     

where  

 

                    
     

     
 .                                                                                       (4) 

 

III. STEIGER’S MODIFICATION OF DUNN AND CLARK’S Z 

Steiger’s test statistics for comparing 2 dependent overlapping correlation coefficients is given in equa-

tion-5.
4 

 

  
             

     
                                                                                                                           

 

where     and     are the Fisher’s z transformations of     and    , which the Fisher’s z transformation for 

converting   to   was defined as in equation-6,
18
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In equation-7,   was given as in equation-8. 

 

  
       

 
                                                                                                                                            

 

 

IV. MENG, ROSENTHAL, AND RUBIN’S Z TEST  

The test statistics is given in equation-9.
14 

 

  
             

          
                                                                                                                           

 

where     and     are the Fisher’s z transformations of     and    . Fisher’s z transformation for con-

verting   to   was given before in equation-6.
17

 In equation-9,   was given as in equation-10, 

 

  
         

    
                                                                                                                                              

 

and   and    were given as follows. 

 

  
     

       
                                                                                                                                           

 

   
   
     

 

 
                                                                                                                                            

 

 

V. HITTNER, MAY, AND SILVER’S MODIFICATION OF DUNN AND CLARK’S Z TEST  

The test statistics was proposed by Hittner et al. which was based on the back transforming the average z 

values which was first proposed by Silver and Dunlap, and is given as in equation-13.
15,19 
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In equation-13,     and     are the Fisher’s z transformations of     and    , which the Fisher’s z trans-

formation for converting   to   was given before in equation-6.
18

 The term   in equation-13 can be given as 

follows, 

 

  
         

 
   

 
 
   

 
      

 
    

    

     
 
 
                                                                                     

 

where 

 

   
          

          
                                                                                                                                   

 

and 

 

  
       

 
                                                                                                                                             

 

VI. ZOU’S APPROACH FOR OVERLAPPING CORRELATIONS 

This approach of Zou calculates confidence intervals for a difference between 2 dependent overlapping cor-

relation coefficients.
5
 The null hypothesis of the 2 correlations are equal is being rejected if the confidence 

interval does not include zero. A lower and upper limits of the proposed confidence interval were defined as 

in equation-17 and -18, respectively.
5 

 

                                                                                    

 

                                                                                    

 

where   and   can be given as defined in equation-19 and -20.  

 

  
           

           
                                                                                                                                     

 

  
           

           
                                                                                                                                   

 

and    and    were given as follows. 
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The term   in equation-17 and -18 can be given as in equation-22. 

 

  
     

 
        

      
     

     
      

 

      
        

  
                                                                             

SIMULATION SCENARIOS 

We obtained Type I error rates for these statistical tests for a wide range of simulation scenarios. Type I error 

rates were evaluated based on the stringent criterion of Bradley, in which they would range between 0.045 

and 0.055.
20

 

For the situation of comparing 2 overlapping Pearson correlation coefficients,     and    , there are to-

tally 3 correlation coefficients which one of them is the intercorrelation coefficient (   ). We evaluated 5 

different magnitudes of the correlation coefficients tested in the null hypothesis as:         

                   . For the intercorrelation coefficient we evaluated again 5 different magnitudes as: 

                       . 

The data generating process for obtaining correlated data was performed based on previous studies.
7,15 

For the simulation study, correlated data were generated by constructing the    matrix, where      is the 

root matrix of the correlation matrix and      is the matrix which is constructed by generating independent 

    data from standard normal distribution.   is the correlation matrix which is given as in equation-23.   

matrix was obtained by calculating the Cholesky decomposition of the correlation matrix  , which       

and    is the transpose of  .
21

  

 

   

        
          
       

                                                                                                                            

 

The sample sizes were taken to be 10, 20, 30, 50, 100 and 200 in all scenarios. The Type I error rates 

were calculated for α=0.05. The repetition number was 1,000. gmat v. 0.2.2 and cocor v. 1.1-3 R packages 

were used in the processes of data generating and implementing the statistical tests.
22,23

 In real data example 

normality of the data was tested with the Shapiro-Wilk test. Relationships between the variables were evalu-

ated with the Pearson correlation coefficient. This study was conducted in accordance with the principles of 

the Declaration of Helsinki. 

    RESULTS 

Type I error rates were obtained for these tests: PF test for overlapping correlations; HSHM; SM test for 

overlapping correlations; MRR; HMS. For the ZA, proportion of the number of times that the confidence in-

terval does not include 0 was calculated under 1,000 repetitions.  

In each table, results were given for different magnitudes of the null hypothesis correlation coefficients 

(       ) and for different sample sizes. In Table 1, Table 2, Table 3, Table 4, Table 5 we gave the simu-

lation results for 5 different intercorrelations magnitudes, i.e. for                     and     , respec-

tively (Table 1, Table 2, Table 3, Table 4, Table 5). 
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TABLE 1: Simulation results for the scenario where intercorrelation coefficient is 0.1 (       ). 
 

Null hypothesis  
correlation coefficients 

n 
Method 

PF HSHM SM MRR HMS ZA 

            

10 0.136 0.062 0.055 0.046 0.052 0.064 

20 0.084 0.050 0.044 0.042 0.044 0.055 

30 0.062 0.048 0.047 0.045 0.047 0.048 

50 0.065 0.049 0.049 0.049 0.049 0.050 

100 0.049 0.043 0.043 0.042 0.043 0.043 

200 0.050 0.049 0.048 0.047 0.048 0.048 

 

            

10 0.117 0.063 0.055 0.043 0.055 0.063 

20 0.078 0.056 0.049 0.045 0.049 0.051 

30 0.064 0.057 0.048 0.044 0.047 0.050 

50 0.061 0.054 0.049 0.047 0.048 0.051 

100 0.052 0.051 0.046 0.045 0.046 0.047 

200 0.053 0.056 0.049 0.049 0.049 0.049 

 

            

10 0.077 0.064 0.055 0.051 0.051 0.057 

20 0.066 0.068 0.048 0.046 0.046 0.052 

30 0.051 0.066 0.045 0.044 0.045 0.048 

50 0.057 0.072 0.056 0.055 0.055 0.056 

100 0.048 0.060 0.045 0.043 0.044 0.045 

200 0.051 0.075 0.051 0.051 0.051 0.051 

 

            

10 0.036 0.174 0.045 0.048 0.056 0.048 

20 0.038 0.203 0.041 0.044 0.044 0.044 

30 0.033 0.215 0.041 0.045 0.046 0.045 

50 0.057 0.248 0.061 0.061 0.061 0.061 

100 0.039 0.197 0.040 0.042 0.042 0.041 

200 0.058 0.224 0.058 0.058 0.058 0.058 

 

            

10 - - - - - - 

20 - - - - - - 

30 - - - - - - 

50 - - - - - - 

100 - - - - - - 

200 - - - - - - 
 

- Results for this scenario could not be computed since the correlation matrices were not positive definite. 
PF: Pearson and Filon’s z test; HSHM: Hendrickson, Stanley, and Hills’ modification of Williams’ t test; SM: Steiger’s  modifications of Dunn and Clark’s z test for overlapping correla-
tions; MRR: Meng, Rosenthal, and Rubin’s z test; HMS: Hittner, May, and Silver’s modification of Dunn and Clark’s z test; ZA: ZOU’s approach for overlapping correlations. 

 

Type I error rates meeting the Bradley’s criterion are given in bold. 
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TABLE 2: Simulation results for the scenario where intercorrelation coefficient is 0.3 (       ). 
 

Null hypothesis  
correlation coefficients 

n 
Method 

PF HSHM SM MRR HMS ZA 

            

10 0.121 0.061 0.054 0.044 0.053 0.063 

20 0.083 0.051 0.044 0.040 0.043 0.048 

30 0.057 0.048 0.046 0.042 0.046 0.048 

50 0.063 0.050 0.049 0.046 0.049 0.050 

100 0.048 0.045 0.044 0.044 0.044 0.045 

200 0.048 0.048 0.047 0.046 0.047 0.047 

 

            

10 0.112 0.067 0.051 0.040 0.046 0.064 

20 0.074 0.055 0.051 0.047 0.051 0.053 

30 0.066 0.049 0.047 0.046 0.047 0.047 

50 0.061 0.054 0.052 0.050 0.052 0.052 

100 0.050 0.050 0.048 0.046 0.048 0.049 

200 0.050 0.051 0.048 0.048 0.048 0.048 

 

            

10 0.073 0.065 0.051 0.046 0.048 0.060 

20 0.064 0.057 0.050 0.046 0.048 0.053 

30 0.057 0.060 0.049 0.047 0.048 0.053 

50 0.056 0.062 0.054 0.053 0.054 0.056 

100 0.046 0.051 0.045 0.045 0.045 0.045 

200 0.044 0.053 0.044 0.044 0.044 0.044 

 

            

10 0.033 0.076 0.051 0.049 0.052 0.052 

20 0.040 0.091 0.050 0.050 0.050 0.051 

30 0.037 0.088 0.047 0.047 0.048 0.047 

50 0.047 0.105 0.055 0.055 0.056 0.056 

100 0.043 0.082 0.043 0.043 0.043 0.043 

200 0.057 0.104 0.057 0.057 0.057 0.058 

 

            

10 - - - - - - 

20 - - - - - - 

30 - - - - - - 

50 - - - - - - 

100 - - - - - - 

200 - - - - - - 
 

- Results for this scenario could not be computed since the correlation matrices were not positive definite. 
PF: Pearson and Filon’s z test; HSHM: Hendrickson, Stanley, and Hills’ modification of Williams’ t test; SM: Steiger’s modifications of Dunn and Clark’s z test for overlapping correla-
tions; MRR: Meng, Rosenthal, and Rubin’s z test; HMS: Hittner, May, and Silver’s modification of Dunn and Clark’s z test; ZA: ZOU’s approach for overlapping correlations. 

 

Type I error rates meeting the Bradley’s criterion are given in bold. 
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TABLE 3: Simulation results for the scenario where intercorrelation coefficient is 0.5 (       ). 
 

Null hypothesis  
correlation coefficients 

n 
Method 

PF HSHM SM MRR HMS ZA 

            

10 0.108 0.063 0.049 0.038 0.048 0.059 

20 0.074 0.055 0.049 0.039 0.048 0.055 

30 0.056 0.047 0.042 0.040 0.042 0.048 

50 0.061 0.046 0.045 0.042 0.045 0.046 

100 0.048 0.045 0.045 0.045 0.045 0.045 

200 0.048 0.045 0.044 0.044 0.044 0.045 

 

            

10 0.098 0.065 0.046 0.039 0.040 0.058 

20 0.067 0.060 0.052 0.047 0.051 0.060 

30 0.058 0.046 0.046 0.045 0.045 0.046 

50 0.062 0.054 0.052 0.051 0.052 0.052 

100 0.049 0.048 0.045 0.044 0.045 0.047 

200 0.049 0.047 0.046 0.045 0.046 0.046 

 

            

10 0.066 0.062 0.052 0.046 0.043 0.059 

20 0.063 0.059 0.053 0.045 0.049 0.056 

30 0.057 0.057 0.046 0.046 0.045 0.051 

50 0.057 0.055 0.054 0.052 0.053 0.055 

100 0.044 0.046 0.041 0.041 0.041 0.044 

200 0.045 0.049 0.044 0.044 0.044 0.045 

 

            

10 0.029 0.059 0.050 0.049 0.050 0.056 

20 0.039 0.066 0.058 0.056 0.056 0.061 

30 0.039 0.064 0.051 0.049 0.048 0.051 

50 0.045 0.062 0.053 0.053 0.051 0.053 

100 0.037 0.050 0.039 0.039 0.039 0.040 

200 0.047 0.060 0.048 0.048 0.048 0.048 

 

            

10 - - - - - - 

20 - - - - - - 

30 - - - - - - 

50 - - - - - - 

100 - - - - - - 

200 - - - - - - 
 

- Results for this scenario could not be computed since the correlation matrices were not positive definite. 
PF: Pearson and Filon’s z test; HSHM: Hendrickson, Stanley, and Hills’ modification of Williams’ t test; SM: Steiger’s modifications of Dunn and Clark’s z test for overlapping correla-
tions; MRR: Meng, Rosenthal, and Rubin’s z test; HMS: Hittner, May, and Silver’s modification of Dunn and Clark’s z test; ZA: ZOU’s approach for overlapping correlations. 

 

Type I error rates meeting the Bradley’s criterion are given in bold. 
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TABLE 4: Simulation results for the scenario where intercorrelation coefficient is 0.7 (       ). 
 

Null hypothesis  
correlation coefficients 

n 
Method 

PF HSHM SM MRR HMS ZA 

            

10 0.094 0.058 0.042 0.034 0.038 0.045 

20 0.063 0.050 0.042 0.037 0.041 0.047 

30 0.057 0.050 0.044 0.042 0.043 0.048 

50 0.053 0.046 0.042 0.039 0.041 0.045 

100 0.049 0.046 0.046 0.046 0.046 0.046 

200 0.045 0.044 0.044 0.044 0.044 0.044 

 

            

10 0.084 0.059 0.042 0.037 0.038 0.049 

20 0.066 0.053 0.047 0.042 0.046 0.053 

30 0.050 0.038 0.037 0.037 0.037 0.038 

50 0.053 0.050 0.043 0.043 0.043 0.048 

100 0.051 0.048 0.047 0.046 0.046 0.047 

200 0.046 0.044 0.044 0.043 0.044 0.044 

  
      

            

10 0.046 0.057 0.044 0.034 0.038 0.052 

20 0.057 0.055 0.049 0.043 0.045 0.054 

30 0.049 0.048 0.044 0.043 0.044 0.047 

50 0.050 0.051 0.047 0.047 0.047 0.050 

100 0.043 0.043 0.043 0.043 0.043 0.043 

200 0.047 0.048 0.047 0.047 0.047 0.047 

  
      

            

10 0.027 0.046 0.040 0.036 0.036 0.047 

20 0.035 0.062 0.061 0.059 0.058 0.062 

30 0.038 0.056 0.050 0.048 0.047 0.055 

50 0.040 0.051 0.051 0.048 0.046 0.051 

100 0.042 0.047 0.044 0.044 0.044 0.044 

200 0.048 0.051 0.048 0.048 0.048 0.049 

        

            

10 0.004 0.090 0.046 0.048 0.063 0.051 

20 0.009 0.091 0.044 0.044 0.056 0.047 

30 0.017 0.100 0.048 0.050 0.060 0.052 

50 0.041 0.124 0.054 0.055 0.059 0.055 

100 0.030 0.088 0.036 0.036 0.039 0.036 

200 0.054 0.106 0.059 0.059 0.060 0.059 
 

PF: Pearson and Filon’s z test; HSHM: Hendrickson, Stanley, and Hills’ modification of Williams’ t test; SM: Steiger’s modifications of Dunn and Clark’s z test for overlapping correla-
tions; MRR: Meng, Rosenthal, and Rubin’s z test; HMS: Hittner, May, and Silver’s modification of Dunn and Clark’s z test; ZA: ZOU’s approach for overlapping correlations. 

 

Type I error rates meeting the Bradley’s criterion are given in bold. 
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TABLE 5: Simulation results for the scenario where intercorrelation coefficient is 0.9 ( 
  

    ). 
 

Null hypothesis  
correlation coefficients 

n 
Method 

PF HSHM SM MRR HMS ZA 

            

10 0.067 0.059 0.032 0.030 0.031 0.027 

20 0.058 0.052 0.040 0.038 0.040 0.042 

30 0.054 0.047 0.043 0.042 0.043 0.044 

50 0.044 0.042 0.040 0.040 0.040 0.041 

100 0.050 0.048 0.046 0.045 0.046 0.048 

200 0.050 0.050 0.050 0.050 0.050 0.050 

 

            

10 0.057 0.055 0.038 0.035 0.037 0.029 

20 0.055 0.055 0.041 0.039 0.040 0.038 

30 0.050 0.047 0.044 0.043 0.044 0.040 

50 0.048 0.044 0.041 0.040 0.041 0.038 

100 0.052 0.051 0.051 0.051 0.051 0.050 

200 0.043 0.043 0.043 0.043 0.043 0.043 

 

            

10 0.037 0.061 0.038 0.037 0.035 0.028 

20 0.049 0.048 0.040 0.039 0.039 0.033 

30 0.043 0.044 0.040 0.039 0.040 0.033 

50 0.041 0.045 0.040 0.040 0.040 0.037 

100 0.053 0.054 0.052 0.052 0.052 0.051 

200 0.048 0.048 0.048 0.048 0.048 0.048 

 

            

10 0.017 0.054 0.043 0.041 0.038 0.026 

20 0.036 0.058 0.049 0.048 0.048 0.038 

30 0.031 0.047 0.044 0.044 0.044 0.034 

50 0.039 0.047 0.045 0.045 0.045 0.041 

100 0.044 0.047 0.047 0.047 0.047 0.046 

200 0.046 0.049 0.048 0.048 0.048 0.047 

 

            

10 0.001 0.053 0.050 0.049 0.042 0.051 

20 0.007 0.060 0.060 0.060 0.056 0.061 

30 0.022 0.057 0.056 0.056 0.053 0.057 

50 0.033 0.050 0.049 0.049 0.048 0.050 

100 0.036 0.046 0.043 0.042 0.042 0.044 

200 0.038 0.048 0.043 0.043 0.042 0.043 
 

PF: Pearson and Filon’s z test; HSHM: Hendrickson, Stanley, and Hills’ modification of Williams’ t test; SM: Steiger’s  modifications of Dunn and Clark’s z test for overlapping correla-
tions; MRR: Meng, Rosenthal, and Rubin’s z test; HMS: Hittner, May, and Silver’s modification of Dunn and Clark’s z test; ZA: ZOU’s approach for overlapping correlations. 

 

Type I error rates meeting the Bradley’s criterion are given in bold. 
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REAL DATA APPLICATION 

Acute appendicitis is the most common indication of the acute abdominal surgery.
24

 However, the incidence 

of negative laparotomy in patients who underwent appendectomy with a preliminary diagnosis of acute ap-

pendicitis is still around 20%.
25

 Although this rate decreases with radiological evaluations, the effectiveness 

of various serum biomarkers in diagnosis is evaluated due to both the radiation exposure of the patient and 

the costs. Among these biomarkers, normal values of the acute phase reactant C-reactive protein (CRP), has 

been associated with a normal appendix and has been thought to reduce negative laparotomy.
26

 Also it has 

been shown that an increase in CRP and leukocyte levels may also be important indicators of complicated 

appendicitis.
27

 However it has also been reported that, the decrease in leukocytes values and CRP formation 

with increasing age, may affect the correct diagnosis of these biomarkers in acute appendicitis cases.
28

 

In the present study data related to age, CRP and white blood cells (WBC) counts of the 49 patients, 

operated with the diagnosis of acute appendicitis  were collected retrospectively from the records of Bursa 

Uludağ Faculty of Medicine General Surgery Department. The Ethical Committee of Uludağ University 

Medical Faculty Clinical Research approved this retrospective study (date: November 25, 2022, no: 2022-

18/49). We examined the relationship between CRP and age, also between WBC and age for these patients. 

While there was a significant negative correlation between WBC and age (r=-0.323, p=0.023), no significant 

correlation was found between CRP and age (r=0.194, p=0.183). We conducted the aforementioned statisti-

cal tests, to test the hypothesis of             vs.            . p values were close to each other except for 

the PF test, which all demonstrated statistically significant differences between 2 correlation coefficients 

(Table 6). 

 

TABLE 6: Results of the statistical tests performed for comparing two dependent overlapping correlation coefficients. 
 

Method Test-statistics p value 

PF -2.731 0.006 

HSHM -2.606 0.012 

SM -2.489 0.013 

MRR -2.451 0.014 

HMS -2.488 0.013 

ZA* [-0.865: -0.116] 
 

*The confidence interval of the difference between the 2 correlations; PF: Pearson and Filon’s z test; HSHM: Hendrickson, Stanley, and Hills’ modification of Williams’ t test;  
SM: Steiger’s modifications of Dunn and Clark’s z test for overlapping correlations; MRR: Meng, Rosenthal, and Rubin’s z test ; HMS: Hittner, May, and Silver’s modification of Dunn 
and Clark’s z test; ZA: ZOU’s approach for overlapping correlations. 

 

    DISCUSSION 

For the scenario where the intercorrelation coefficient was 0.1; on the small to medium null hypothesis cor-

relation coefficient magnitudes, the SM, MRR, HM, and ZA tests outperformed the PF and HSHM tests, ex-

cept that the HSHM test gave results close to nominal level for the scenario where the 0 correlation coeffi-

cient equals to the intercorrelations coefficient. But it diverged from the nominal level and tended to be fairly 

liberal as the magnitude of the null correlation levels increased. The PF test performed well only for large 

sample sizes, on small to moderate null correlation coefficient magnitudes. The 6 procedures could not per-

form well for large null correlation coefficient (0.7), except MRR, HMS and ZA gave better results in small 

sample sizes for large null correlation coefficient. 

For the scenario where the intercorrelation coefficient was 0.3; the results were similar to, but slightly 

better than the scenario where the intercorrelation correlation was 0.1. For small null correlation coefficient 
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magnitudes, HSHM, SM, HMS and ZA procedures gave better results than PF and MRR tests, giving Type I 

error rates close to the nominal level. MRR test tended to give more conservative results for the small null 

correlation coefficient (0.1). At moderate null correlation magnitude and for small to moderate sample sizes 

at large null correlation magnitude; SM, MRR, HMS and ZA procedures, outperformed the PF and HSHM 

tests, whereas the magnitude of null correlations increased HSHM test diverged from the nominal level by 

getting more liberal. For this scenario where the intercorrelation coefficient was 0.3 SM, HMS and ZA gave 

results similar to nominal level, except in high null correlation and large sample sizes. 

For the scenario where the intercorrelations coefficient was 0.5; PF test could not perform well except 

large sample sizes, regardless of the magnitude of the null correlation coefficient. For this scenario, while 

HSHM gave better results in small null hypothesis correlations, it diverged from the nominal level and 

tended to be more liberal in small to moderate sample sizes as the magnitude of the null correlation levels 

increased. On very small null correlation coefficient (0.1) while HSHM, SM, HMS and ZA procedures gave 

better results than the other tests in small to moderate sample sizes, the MRR test could not perform well and 

tended to be fairly conservative as the sample size decreased. For the null correlation coefficients of similar 

magnitude to the intercorrelation coefficient, SM, MRR and HMS tended to give better results than PF, 

HSHM and ZA procedures at small sample sizes; on the contrary ZA, HSHM and PF gave better results than 

them in large sample sizes.  

For the scenario where the intercorrelations coefficient was 0.7; SM, MRR, HMS tests gave poorer re-

sults than the scenarios where the intercorrelation coefficient was smaller. The ZA approach gave better re-

sults than the other tests, regardless of the magnitude of the null correlation coefficient. While PF and 

HSHM tests gave better results than the SM, MRR and HMS tests on small to moderate null correlations, on 

the contrary SM and MRR tests gave better results than PF and HSHM tests on large null correlations coeffi-

cients. For very large null correlation coefficient (0.9), PF, HSHM and HMS tests couldn’t reach Bradley’s 

criterion in almost all sample sizes. 

For the scenario where the intercorrelations coefficient was 0.9; HSHM test gave better results than the 

other tests, regardless of the magnitude of the null correlation coefficient. SM, MRR and HMS tests couldn’t 

reach Bradley’s criterion in most scenarios, except where the null correlation coefficient was 0.7 and also 

except large and very large sample sizes for small to moderate null hypothesis correlations. HSHM and par-

tially PF outperformed the other procedures on smaller null hypothesis correlations with small to moderate 

sample sizes. HSHM, SM, MRR and HMS test gave better performances than the PF and ZA procedures for 

the 0.7 null hypothesis correlation coefficient. ZA procedure couldn’t reach Bradley’s criterion in almost all 

scenarios, for small to moderate sample sizes. 

In general, for small intercorrelations SM, MRR, HMS and ZA procedures outperformed PF and HSHM 

tests especially in small to moderate sample sizes. Hittner et al. also found greater Type I error rates for the 

HSHM test than the SM and HMS tests across all sample sizes and for small to moderate intercorrelations.
15 

May et al. stated in their study, which they compared four tests including HSHM and MMR tests that; for 

small intercorrelation magnitude (0.1) with a 0.7 null correlation magnitude, HSHM test gave inflated Type I 

error rates, while Type I error rates for the MMR test were close to nominal level for this scenerio.
7
 This re-

sult was in agreement with ours, for small intercorrelations in all sample sizes. They also mentioned in their 

study that, inflated Type I error rates for HSHM were not associated with small sample, instead it appeared 

to be a function of the magnitudes of null correlation and intercorrelation coefficients.
7
 For larger intercorre-

lation coefficients, the superiority of the SM, MRR, HMS and ZA procedures ended. While the ZA proce-

dure maintained its superiority at the 0.7 intercorrelation level, it also diverged from the nominal level at the 

0.9 intercorrelation level and for these 2 intercorrelation levels, HSHM test gave better results in small to 

moderate sample sizes. On the other hand, regardless of the sample size and at almost all null correlation 

magnitudes, the HSHM test gave more liberal results than the other tests, except PF. The worst performance 

was given by the PF test especially at small intercorrelations; giving fairly liberal results in small null corre-
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lations and fairly conservative results in higher null correlations, it failed to meet Bradley’s criterion at all in 

small to moderate sample sizes. Also
 
in real data example, p values were close to each other except for the 

PF test. This finding related to PF test, collaborates the study of Silver et al., where they found progressively 

more liberal results for PF test as the null correlations decreased in their study which they had compared the 

tests for dependent but nonoverlapping correlations.
29 

Although the Pearson correlation coefficient was considered in this study, it has been mentioned in dif-

ferent studies that the above test statistics regarding to the comparison of dependent correlations and proce-

dures involving the Fisher’s z transformations of Pearson product-moment correlations can also be applied to 

Spearman’s correlation coefficient, provided that the sample size is equal or greater than 10 and that the 

Spearman’s rho correlation coefficient is less than 0.9.
30,31

 Future studies can also be performed to explore 

the performances of test procedures in case of comparing Spearman correlation coefficients, and for the 

cases where the data do not follow normal distribution. 

    CONCLUSION 

It is apparent from the simulation results that tests are affected from the magnitudes of null correlations, 

from the magnitudes of intercorrelations and from the sample size, in different ways. Therefore, it would be 

useful to decide on the test to be used according to these magnitudes and the sample size. But to make more 

generalizable comments, the test should also be compared in terms of their power. 
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