
 
 IJSAR Journal of Mathematics and Statistics (IJSAR-JMS) 

Volume 1, Issue 2 (September 2014), 14-26. 
www.mdcjournals.org 

 

| 14  
IJSAR Journal of Mathematics and Statistics (IJSAR-JMS) 

www.mdcjournals.org 

 

Research Article 

Estimating Relative Risk Based on False Rates 

Oyeka, C. A.(Prof)
1
 Matthew, M. C.

2
; and Agbedeyi, O. D.

3 

1
Department of Statistics, Faculty of Physical Sciences, Nnamdi Azikiwe University, PMB 5025 Awka, Anambra 

State, Nigeria. 

2, 3 
Department of Mathematics and Statistics, Delta State Polytechnics, Ogwashi-Uku , Delta state.  

ABSTRACT: This paper proposes and develops a modified expression for relative risk that structurally 

reflects in its formulation the prevalence rate, the proportion of the population expected to test positive to the 

condition and the false rates of the test for use in the evaluation of diagnostic screening test results and as 

measure of association between test results and state of nature or condition in a population, that is different 

from the method traditionally used in the estimation of relative risks. The method enables the estimation of not 

only the proportion of the population expected to respond positive in the screening test but also the sensitivity, 

specificity, false positive rate and false negative rate of the test which provide additional useful information 

over and above the traditional method of estimating relative risks. Estimate of the standard error of the 

proposed measure and chi-square test statistic for testing the statistical significance of the estimated relative 

risk are developed in terms of the estimated sensitivity and specificity of the screening test. The sample data 

used for illustration indicate that the proposed modified relative risk is likely to be a better measure of 

association between screening test results and state of nature or condition in a population in comparison with 

the traditional measure of relative risk. 
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I. INTRODUCTION 

A research scientist or clinician who has collected random sample data from a cross sectional or longitudinal 

either prospective or retrospective study may use preferably the odds ratio, the relative risk or other such 

measures rather than the phi coefficient to measure the degree of association between a predisposing or 

antecedent factor and a condition of interest in a population, because unlike the former two measures the phi 

coefficient is not invariant under the three study designs.Such measures may however not be properly and 

readily used in diagnostic screening tests where interest is also in false rates to assess the level of association 

between screening test results and state of nature or condition. This is because in diagnostic tests, the prevalence 

rate of the condition in the population ideally needs to be  factored-in, that is, should be reflected in the 

estimation of false positive and false negative rates of the test. However, the prevalence rate of a condition in the 

population is not often known and is usually estimated from a reliable census data or a previous health survey 

focused on the condition of interest and used in the estimation of false rates. Furthermore the proportion of the 

population expected to test positive to the condition is not readily available to the researcher, but must be 

estimated indirectly .as a function of the prevalence rate. These rates and proportions must be known or 
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estimated and then used in the estimation of the false positive and false negative rates of the diagnostic 

screening test that are used as functions of measures of association. 

Furthermore in diagnostic screening tests the number of subjects who test negative among the sample of 

subjects in the population known or believed to have the condition in nature and the number of subjects who test 

positive among the sample of subjects in the population who are known or believed not to have the condition in 

nature are usually not readily known or available and therefore cannot properly be directly used in the 

estimation of a measure of association between state of nature or condition and screening  test results. 

Thus, in diagnostic clinical trials or screening tests, measures often used to assess the results include the 

sensitivity, specificity, false positive and false negative rates of the test [1]; [2];[3]. Ideally such tests should 

correctly and absolutely identify all subjects with the condition of interest and similarly correctly identify all 

subjects without the condition. However, most clinical tests fall short of these ideals. 

When evaluating a clinical test the terms sensitivity and specificity are used [4]. Sensitivity (clinical sensitivity) 

is a test’s positivity in a condition such as disease, while true positive rate is the ability of a test to correctly 

identify a condition at a particular decision threshold. Specificity (clinical specificity) is a test’s negativity in 

health and true negative rate is the ability of a test to correctly identify the absence of a condition at a particular 

decision threshold[6]. 

However, public health workers may often need clearer and more definitive measure of association between 

screening test results and health condition, disease or biological entity being measured in a population. 

In this paper we propose to develop a relative risk type measure of association between diagnostic screening test 

results and state of nature or condition in a population that structurally adjusts for and incorporates in its 

construction the existing known or estimated prevalence rate as well as the proportion of the population 

expected to test positive to the condition. The proposed measure is a function of the sensitivity and specificity of 

the test and calculated in such a way that usually unknown sample values are not included or involved in their 

estimation. The proposed measure is here being developed in terms of relative risk rather than odds ratio 

because the concept of relative risk is often easier to interpret, explain and understand than is odds ratio, even 

though the two measures serve essentially the same purposes. 

II. THE PROPOSED METHOD 

 

Suppose a medical researcher or clinician collects a random sample of     subjects known or believed to have a 

certain condition in a population. Similarly, suppose the researcher also collects a random sample of     subjects 

from the same population known or believed not to have the condition, giving a total random sample size 

of              subjects to be studied. Research interest is to confirm through a diagnostic screening test 

whether or not each subject actually has or does not have the condition, disease or biological entity of interest. 
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Let   and ̅ be respectively the events that a randomly selected subject from this population has and does not 

have the condition of interest. Let   and  ̅ be respectively the events that the randomly selected subject tests and 

does not test positive to the condition in the screening test. 

The result of such a screening test may then be presented in a     table as in table 1. 

Table 1: Format for Presentation of Results of a Diagnostic Screening Test 

 State of Nature (Condition) 

Screening Test Result Present( ) Absent( ̅) Total (   ) 

Positive (+ve) ( )             

Negative (-ve)( ̅)             

Total (   )            ( ) 

 

In table 1, out of all the       subjects screened,    actually have the condition in nature,     do not actually 

have the condition in nature while     subjects test positive and     test negative. Of the    subjects who test 

positive,     actually have the condition while     do not actually have the condition. Similarly, of the     

subjects testing negative     subjects actually have the condition while     subjects do not. 

Having obtained the required sample size,  , consisting of     and     subjects shown in table 1, the researcher’s 

interest may be mostly in conducting confirmatory studies, that is, in finding     the number of subjects known 

or believed to have a condition that are among the subjects testing positive and    , the number of subjects 

known or believed not to have a condition that are among the subjects, testing negative  rather than on/or less in 

   , the number of subjects known or believed not to have a condition among the subjects testing positive or on 

   the number of subjects known or believed to have a condition that are among the subjects testing negative. 

Hence    and     usually may not be known. Therefore,    , the number of subjects who would test positive 

and    , the number of subjects who would test negative in the screening test may not be completely known. 

Hence, these marginal frequencies     and     usually, may not be directly used in estimation but are indirectly 

estimated using  ( ) and  ( ̅)     ( ) respectively using Baye’s  Theorem as shown below, where  ( ) 

is the proportion of the population expected to test positive in the screening test. 

Now the sensitivity,    of a test is defined as the proportion of those having the condition in nature that test 

positive. The specificity,   , of a test is the proportion out of those not having the condition that test negative. 

The false positive rate (    ) is the proportion out of those testing positive that are actually free from the 

condition; and the false negative rate (F-ve) is the proportion out of those testing negative who nonetheless, 

actually have the condition (Fleiss 1973, Linn 2004). These rates may be expressed notationally as; 

    (  ⁄ )                                    ( ) 
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and 

    ( ̅  ̅⁄ )                                      ( ) 

The larger  (  ⁄ ) the more sensitive is the test and the larger  ( ̅  ̅⁄ ) the more specific is the test. (Altman 

and Bland 1994, Linn 2004) 

Sample estimates of these rates using the notations of table 1 are respectively given as; 

 ̂  
   
   
                                       ( ) 

 ̂  
   
   
                                     ( ) 

Of greater public health importance, however are the false positive rate (    ) and the false negative rate 

(    ). 

    is defined as the probability that a randomly selected subject who responds positive to the test does not 

actually have the condition; while     is the probability that a randomly selected subject who responds 

negative to the test in fact has the condition. 

Notationally, in terms of conditional probabilities and specific rates we have that 

      ( ̅  ⁄ )                                            ( ) 

and 

      (  ̅⁄ )                                           ( ) 

Using Bayes rule (Uche 2004) we have that 

     
 (  ̅⁄ )  ( ̅)

 ( )
 
(   ( ̅  ⁄ ))(   ( ))

 ( )
                      ( ) 

and 

     
 ( ̅  ⁄ )  ( )

 ( ̅)
 
(   (  ⁄ ))  ( )

   ( )
                             ( ) 

where ( ̅)     ( )    ( ̅  ⁄ )     (  ⁄ ) and  (  ̅⁄ )     ( ̅  ̅⁄ ) 

Now unless the available data are a result of a representative random sample obtained in a well-designed, 

controlled clinical trial, it is often not possible to obtain values of  ( ) and  ( ) directly from the sample data 
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and hence obtain values of      and     .  ( )is usually obtained from a reliable census or health survey 

data while ( ) which is a function of  ( ) is obtained as follows using Bayes rule. 

Thus 

 ( )   (  ⁄ )  ( )   (  ̅⁄ )  ( ̅)     ( ̅  ̅⁄ )  [   (  ⁄ )   ( ̅  ̅⁄ )]  ( )                   ( ) 

Note that  ( ) is in fact a weighted mean of the specific rates,  (  ⁄ )    , the sensitivity of the test; and 

 (  ̅⁄ )     ( ̅  ̅⁄ )      , the specificity of the test where the weights are  ( ), the prevalence rate of 

the condition in the population, and  ( ̅)     ( ). 

Now using Equation (9) in (7) we have that, 

      ( ̅  ⁄ )  
(   ( ̅  ̅⁄ ))(   ( ))

   ( ̅  ̅⁄ )  (   (  ⁄ )   ( ̅  ̅⁄ ))  ( )
                       (  ) 

Similarly using Equation (8) we have that 

      (  ̅⁄ )  
(   (  ⁄ ))  ( )

 ( ̅  ̅⁄ )  (   (  ⁄ )   ( ̅  ̅⁄ ))  ( )
                           (  ) 

Now to develop the proposed measure of association between test results and state of nature or condition we 

note that the risk that a randomly selected subject who tests positive actually has the condition relative to the 

risk that a subject who tests negative has the condition, or the so-called relative risk is  

  
 (  ⁄ )

 (  ̅⁄ )
                                                            (  ) 

Thus for every one subject among those testing negative who nonetheless has the condition, the relative risk R 

measures the corresponding number of subjects among those testing positive who actually have the condition. In 

other words, this is a measure of the number of subjects who actually have the condition among those testing 

positive for every one subject who actually has the condition among those testing negative. 

Expressed in terms of false positive and false negative rates and sensitivity of the test, we have 

  
   ( ̅  ⁄ )

 (  ̅⁄ )
 
      
    

 
 (  ⁄ )  ( ̅)

(   (  ⁄ ))  ( )
                             (  ) 

where     and      are the false positive and false negative rates respectively given in equations 10 and 

11. 

Now since    ,      and sensitivity and specificity are all probabilities and hence non-negative, lying 

between 0 and 1 inclusively; 

                                                                       (  ) 
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Note that as a relative risk, R is invariant under the more commonly used study methods namely, the 

prospective, retrospective and cross-sectional study designs(Agreti 1996).  

   when the screening test results and the existing condition are not in any way associated, in which case the 

diagnostic test is unable to correctly screen a subjects having the condition as actually having the condition and 

a subject free of the condition as actually not having the condition. 

In these cases knowing a subject’s test result is of no use in predicting the subject’s existing condition. Hence 

the smaller the value of R, the lower and weaker the association between test results and state of nature or 

condition. On the other hand, the greater or larger the value of R, the higher and stronger is the association. 

III. SAMPLE ESTIMATES AND TEST STATISTIC FOR SIGNIFICANCE 

Sample estimates of sensitivity and specificity of the test in terms of the sample data of table 1 as already shown 

in equations 3 and 4 are respectively, 

 ̂  
   
   

  ̂  
   
   
                                            (  ) 

Similarly, the sample estimate of  ( ), the proportion of the population expected to test positive in the 

screening test in terms of the estimated sensitivity and specificity of equation 15 from equation 9,  

 ̂( )     ̂  (   ̂   ̂ ) ( )                                                    (  ) 

Sample estimates of      and     are obtained using sample estimates of the sensitivity and specificity of 

the test given in equation 15 together with the values of  ̂( )the estimated proportion of the population 

expected to test positive in the screening test given in equation 16 and  ( ) the prevalence rate of the condition 

in the population which is obtained from perhaps some reliable census or health survey data. 

Thus, using equations 15 and 16 in equations 10 and 11, we have that the sample estimates of      and 

     in terms of sample estimates of sensitivity and specificity are respectively 

 ̂    
(   ̂ )(   ( ))

   ̂  (   ̂   ̂ )  ( )
                                                        (  ) 

and 

 ̂    
(   ̂ ) ( )

 ̂  (   ̂   ̂ )  ( )
                                                                    (  ) 

Now using the sample estimates of      and      given in equations [17] and [18] in equation [13] we 

obtain the sample estimate of the relative risk R as 
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   ̂   

 ̂   
 

 ̂ 

(   ̂ )

( ̂  (   ̂   ̂ )  ( ))

(   ̂  (   ̂   ̂ ) ( ))
                       (  ) 

IV. TEST FOR SIGNIFICANCE 

For the traditional relative risk, the standard deviation of the sample estimate,r, of this measure in terms of the 

sample values in table 1 is 

   ( )   √
 

   
 
 

   
 
 

   
 
 

   
                                   (  ) 

which is used only in gauging the precision of the estimated values but not in hypotheses testing for their 

significance. The statistical significance of  (      ) is tested using the usual chi-square test statistic; 

namely, 

   
   (             )

 

            
                                                      (  ) 

which has a chi-square distribution with 1 degree of freedom. 

However, in diagnostic screening tests, where     and     are usually not known so that the marginal 

frequencies     and     are not completely known, the above two expressions cannot properly be used without 

modifications to estimate standard deviations and in hypotheses testing. 

Now use of simple algebraic manipulations enables the elimination of these usually unknown values from 

equation 20, thereby obtaining a valid estimate of the standard deviation of   in terms of the estimated 

sensitivity and specificity of the screening test as 

  ( )   √
 

    ̂ (    )
 

 

    ̂ (   ̂ )
                                     (  ) 

The corresponding test statistic for the statistical significance of  (      ) is similarly obtained from 

equation 20 as 

   
   (   ̂   ̂ )

 

 ̂   ̂ (  (
   

  
  

) (
   ̂ 

 ̂ 
)) (  (

   

   
) (

   ̂ 

 ̂ 
))

                                (  ) 

which has a chi-square distribution with 1 degree of freedom for sufficiently large   

The null hypothesis    is rejected at the   level of significance if  

       
 
                                              (  ) 
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Otherwise    is accepted. 

Now if in the analysis of data obtained from diagnostic screening tests, false positive and false negative rates do 

not explicitly reflect in their expressions the prevalence rate  ( )and the proportion,  ( ), of the population 

that are expected to test positive to the condition and if the sample values             and     are treated as 

actually known and used in calculations then the estimated sample value of the resulting relative risk would 

simply be the traditional estimate of relative risk namely; 

  
      
      

                                               (  ) 

which for diagnostic screening tests is in error if the prevalence rate,  ( ), of the condition in the population is 

not reflected. 

This is because when expressed in terms of estimated sensitivity and specificity of the screening test, equation 

25 becomes after the elimination of             and     

  
 ̂ ( ̂  (   ̂   ̂ )  ( ))

(   ̂ ) (   ̂  (   ̂   ̂ )  ( ))
                         (  ) 

The value of the estimated relative risk, r, of equation 19 which reflects the prevalence rate of the condition in 

the population and the value, r, of equation 26 whichignores the prevalence rate  ( ) are clearly different. Note 

that the estimated values,  ̂, of equation 19 and equation 26 are equal only if 1- ̂   ̂    or  ( ) is either 0 

or negligibly so small that it can be ignored. In these cases,  ̂     ̂ , so that equations 19 and 26 each now 

reduces to 

  
 ̂  ̂ 

(   ̂ )(   ̂ )
                                              (  ) 

Otherwise equations 19 and 26 would not be expected to yield equal values of estimated relative risk as a 

measure of strength of association between test results and state of nature or condition in a population when 

used with data from diagnostic screening tests. 

V. ILLUSTRATIVE EXAMPLE 

Table 2 presents data on breast cancer screening test results. A total of        subjects suspected to have 

breast cancer and         subjects believed not to have the disease giving an overall sample size total of 

          subjects screened to confirm the actual presence of breast cancer in each sampledsubject (Table 

2). Thus interest is in determining whether the test results truly reflect actual prevalence of breast cancer in the 

population studied. 
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Clinical Diagnosis 

Breast cancer ( ) 

(Present) 

Breast Cancer ( ̅) 

(Negative) 

 

Total (   ) 

Present for Breast 

Cancer( ) 

 

       

 

       

 

       

Negative for Breast 

cancer( ̅) 

 

       

 

        

 

        

 

Total (   ) 

 

       

 

        

 

          

 

We will use these data to illustrate the proposed method. However, because the prevalence rate of breast cancer 

in Nigeria is not known and no reliable estimate is available, we will for illustrative purposes only here assume 

and use two possible values of breast cancer prevalence rates in Nigeria namely, a potentially medium value of 

1 per 10,000; and a relatively high value of 1 per 1,000 population. These values would provide estimates of 

two possible regimes of false rates and corresponding relative risks for comparison with the values that would 

have been obtained using the hitherto conventional method of estimating relative risk that ignores the 

prevalence rate of the condition of interest in the population. 

Now from equation 15 the estimated sensitivity and specificity of the test are respectively 

 ̂  
  

  
         

and 

 ̂  
   

   
         

These values together with the assumed values of prevalence rate  ( ) are used to estimate the proportion of 

the population expected to test positive (equation 16), the false rates (equations 17 and 18) and relative risk 

(equation 19) of breast cancer in the population. Estimates of relative risk using the conventional or traditional 

method are also provided for comparative purposes. The results are shown in table 3 
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Table 3: Estimates of False Rates and Relative Risk of Breast Cancer in a Population 

 

Estimates 

 Prevalence Rate( ( )) 

Unadjusted for  ( )        ⁄       ⁄  

 

Sensitivity( ̂ ) 

 

0.57143 

 

0.57143 

 

0.57143 

  

Specificity( ̂ ) 

 

0.93865 

 

0.93865 

 

0.93865 

Proportion expected to 

positive( ̂( )) 

  

0.06140 

 

0.06186 

 

False Positive Rate( ̂   ) 

  

0.99909 

 

0.99076 

 

False Negative Rate ( ̂   ) 

  

0.0000456 

 

0.000456 

Relative Risk ( ) 6.11 19.96 20.26 

Standard Error of Relative Risk 

(  ( )) 

 

1.882 

 

6.150 

 

6.242 

Chi-square    133.259 133.259 133.259 

P-value 0.0000 0.0000 0.0000 

 

These results indicate that the screening test is fairly sensitive and specific. Also the estimated proportions of 

the population expected to test positive to the screening test are fairly close under the two assumed prevalence 

rates of breast cancer. Note however that the estimates shown in table 3 are obtained under the assumption of 

two regimes of breast cancer prevalence rates that may not be applicable to Nigeria in terms of actual 

occurrence of breast cancer in the country which would be consistent with the sample data used in the analysis. 

These values may therefore only be indicative of the likely pattern of results. For example the values estimated 

as the proportions of the population expected to test positive to breast cancer which affect other estimates, may 

not reflect the realities here because the assumed prevalence rate of the disease in the population may not really 

be the actual value of this rate applicable to the population being studied. Nevertheless these proportions would 

serve their intended illustrative purposes only for the proposed modified measure of relative risk for use with 

actual or more reliable estimate of prevalence rate in measuring strength of association between screening test 

results and state of nature or condition in a population. The estimates of relative risk using the proposed method 

are 19.96, if breast cancer prevalence rate is 1 in 10,000 and 20.26 if the prevalence rate is 1 in 1000 population. 

These values are quite close showing that for every one subject who actually has breast cancer among those 

screened and erroneously informed that they are free of the disease, about 20 actually have breast cancer among 
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those screened and found to test positive. In other words, if 1 person out of every 100 subjects tested and 

erroneously found to be free of breast cancer actually has the disease, then about 20 out of 100 subjects tested 

and found to be cancer positive would be expected to also actually have breast cancer. The estimated standard 

deviations of these values are quite close being 6.150 and 6.242 respectively. Note that the traditional or 

convectional method of estimating relative risk cannot provide estimates of the false rates of a screening test 

because the method does not reflect and make provision for the use of the prevalence rate of the condition of 

interest in the population in its estimation. It may however be seen from the first column of table 3 tha the 

estimated value of relative risk using the conventional method which ignores; that is, does not factor in 

prevalence rate in its estimation is 6.11, with a standard deviation of 1.882. This implies that for every one 

subject who actually has breast cancer among those screened and erroneously informed that they are free of the 

disease, only about 6 breast cancer patients would be expected to be correctly screened among those who test 

breast cancer positive. This is a relatively poor result compared with the value obtained using the proposed 

method and is clearly inconsistent with the fairly high values of the sensitivity and specificity of the test. 

Note that using equation 27 which is based only on the estimated sensitivity and specificity of the screening test 

and ignores reflecting the prevalence rate, the estimated relative risk is 20.62. This value which is still quite 

close to the values obtained using the two assumed breast cancer prevalence rates is much larger than the value 

obtained using the conventional or traditional estimate of relative risk. 

In fact note that this value of         obtained using equation 27 of Table 2, is actually the value of the 

sample estimate of the corresponding traditional odds ratio which is easily shown to be unaffected by the 

prevalence rate of the condition in the population but depends only on the sensitivity and specificity of the 

screening test. This is essentially the same value obtained using the proposed method. Hence the proposed false 

rates based measure of relative risk is able not only to yield estimates of measures of strength of association 

between test results and state of nature or condition in diagnostic screening tests that are at least comparable to 

those obtained using the traditional odds ratio method. It also enables the estimation of false rates and 

sensitivity, specificity and the proportion of a population expected to test positive to a condition in diagnostic 

screening tests which provide additional useful information that are not possible to obtain with the traditional 

relative risk approach. 

Finally, although, because the sample size used in this study is fairly large and the estimated proportions of the 

population used here are quite small, all the estimated relative risks are statistically significant nevertheless, the 

relative sizes of the calculated relative risks show that the proposed method is likely to reveal a higher level or 

degree of association between test results and state of nature or condition in the population much more than the 

traditional method of estimating relative risks. Additionally, note that the value of the estimated relative risk 

using the proposed method is over three times the value obtained using the conventional definition of relative 

risk, which indicates that the proposed method is better able than the traditional relative risk approach to 

establish the existence of an association between screening test results and state of nature in a population. 
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VI. SUMMARY AND CONCLUSION 

 

We have in this paper proposed and developed a statistical method for the analysis of sample data obtained from 

diagnostic screening tests. Methods of estimating false positive and false negative rates of the test based on 

estimated proportion of the population expected to test positive and the prevalence rate of the condition in the 

population which is either known or estimated from previous studies are presented. 

False rates based relative risk type measure of the strength of association between test results and state of nature 

or condition in a population is proposed. Thus, the proposed method unlike the traditional method of estimating 

relative risk incorporates false rates, the proportion of a population expected to test positive as well as the 

prevalence rate of the condition in the population. 

Furthermore, because  in diagnostic screening tests apart from having information on the total sample size and 

the number of subjects known or believed to actually have and not have the condition in nature, only subjects 

suspected to have the condition in nature who test positive and subjects suspected not to have the condition who 

test negative in the screening test are usually known and available for use, the proposed relative risk type 

measure of association is estimated and presented in terms of the estimated sensitivity and specificity of the test 

which are easily calculated using only these available information. 

For the same reason, estimates of the standard deviation of the proposed measure of association to help gauge 

its precision and test statistic for testing its statistical significance are similarly presented in terms of estimated 

sensitivity and specificity of the screening test. 

Thus, if the prevalence rate of a condition in the population is known or can be reliably estimated from previous 

studies, the proposed method unlike the traditional relative risk approach enables the estimation of false rates, 

the proportion of the population expected to test positive and sensitivity and specificity of the test which are an 

added advantage that provide additional more detailed and useful information over and above the traditional 

relative risk approach. 

It is shown that the proposed relative risk type measure of association and the traditional relative risk yield 

equal estimates of relative risk only if the prevalence rate of a condition in a population is negligibly so small 

that it can be ignored or the specificity of the test is one less the sensitivity, otherwise the traditional approach 

would yield misleading estimates. Hence the proposed method enables the establishment of the existence of an 

association between screening test results and state of nature or condition, if it exists, in a population more than 

the usual method of estimating relative risks, would be able to do, as is clearly shown by the present illustrative 

example. 

 

 

 



 
 IJSAR Journal of Mathematics and Statistics (IJSAR-JMS) 

Volume 1, Issue 2 (September 2014), 14-26. 
www.mdcjournals.org 

 

| 26  
IJSAR Journal of Mathematics and Statistics (IJSAR-JMS) 

www.mdcjournals.org 

 

REFERENCES 

 

 [1]  Fleis J. L.Statistical methods for rates and proportions(New York: Wiley and Sons, 1973) 

[2].  Pepe  M. S The statistical evaluation of medical tests for classification and prediction (Oxford UK: Oxford University 

Press, 2003) 

[3]   Linn, S. “A New Conceptual Approach to Teaching the Interpretation of Clinical Tests “Journal of Statistics 

Education. Volume 12,(3) (2004). 

[4]  Akobeng, A. K. (2007): Understanding Diagnostic Tests I; Sensitivity, Specificity and Predictive Values. (Feb 2007). 

www.onlinelibrary.wiley.com Accessed on 18th October 2012. 

[5]  Zweig, M. H.; Ashwood, E. R.; Galen, R. S.; Plous, R. H.; Robinowitz, M. “Assessment of the Clinical Accuracy of 

Laboratory Tests Using ROC Plots”,Approved Guideline; Vol. 15.1995 Villanova, PA: NCCLS: pp 1-27 


