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ABSTRACT
This study aims to address a simultaneous comparison of sensitivity and specificity of
two different tests by taking into consideration of prevalence and clinical significance
level of the tests under the condition that the result of the gold standard test is known.
The proposed method involves the point and interval estimation of the weighted mean
(for f) concerning the specificity and sensitivity differences of two tests. Getting a value
between 0 and 1, the parameter  represents the clinical cost of false positive and false
negative and the occasion posing serious problems for the prevalence value belonging to
the population to which tests are administered. Data is acquired from a study carried out
at the Department of Cytopathology of Ankara University Medical School. In that study,
the impact of the use of various antibodies in determining thyroid nodules as benign or
malign via Preoperative Fine-Needle Aspiration Biopsy in order to achieve diagnostic
accuracy was investigated. Considering the prevalence of Newcombe graphic approach
that compares both the sensitivity and specificity, it can be concluded that Newcombe
graphical approach gives better results than the classical McNemar test for the same
sample group used in the study Simultaneously comparing the sensitivity and specificity
of tests by taking into consideration the clinical costs of false positive/false negative
values and prevalence, the Newcombe graphic approach method is also quite
advantageous in terms of clinical interpretation.
KEYWORDS
Sensitivity and specificity, simultaneous designs, comparison of paired ratios,
Newcombe graphical approach.
1. INTRODUCTION
A frequent goal of medical research is to compare the effectiveness of different
diagnostic tests. The assessment is based on a patient sample classified as "diseased" or
"disease free" using a "gold standard" rule. Each patient classified by diagnostic tests for
the disease, "positive" or "negative" as it refers [1].
© 2017 Pakistan Journal of Statistics
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Several methods have been proposed to compare the performance of two diagnostic
tests for the same data. Greenhouse and Mantel [2] compared sensitivities within a certain
common specificity, and Linnett [3] examined the need for strength and sample size.
Several methods are based on comparing the areas under the ROC (Receiver Operating
Characteristic) curve generated by modifying the positive definition. Hanley and McNeil
[4] compared all areas under ROC curves. Delong, Delong and Clarke-Pearson [5] also
use the U-statistic theory to bring a more non-parametric solution to the Hanley and
McNeil procedures. Wieand et al. [6] identify a test procedure family that includes the
above approaches as special cases, comparing sensitivities in the common property
interval. Campbell [7] compares two ROC curves using a supermodel and uses the boot
loader to test the hypothesis that two theoretical ROC curves are equal. Recent studies
have been included below.
Bloch [1] presented methods for comparing two diagnostic tests for the same positive
threshold value for the same sample. The first method is to compare the predicted risks of
diagnostic tests and the other method is to compare kappa coefficients. These methods
are explained on the example.
In his study, Newcombe [8] compared sensitivity and specificity with simulated
design and graphical approach in simultaneous designs. This approach makes point and
range estimation by weighting the difference between sensitivity and specificity of two
diagnostic tests.
Wang et al. [9], proposed a weighted least squares method to compare diagnostic tests
in the same sample.
Cairns et al. [10] used Newcombe's graphical approach to compare the sensitivity and
specificity of two diagnostic tests with a single measure.
Kim and Lee [11] provided a theoretical framework for comparing sensitivity and
specificity values separately using the Mc Nemar test under paired conditions and
simulated these values under certain paired conditions by conducting a simulation study.
The fundamental criteria used in evaluating the performance of diagnostic and screen
tests are sensitivity and specificity. While sensitivity refers to the ratio of
diagnostic/screen test yielding a positive result in actually ill cases, specificity is the ratio
of diagnostic/screen test yielding a negative result in actually healthy cases [8].
New methods with the claim of being better are proposed every passing day in
parallel with the advancements in technology. This brings about the need for new
statistical methods for comparing the effectiveness of the proposed tests. There are
various methods used for comparing two diagnostic/screen tests developed for the same
purpose. The first of these is the comparison of sensitivity and specificity in paired
designs separately one via McNemar test.
The second approach involves the comparison of general accuracy rates of two tests.
This approach contains inconveniences because it ignores the prevalence and the relative
weights of false positive and false negative results.
Another method developed by Newcombe makes a simultaneous comparison of
sensitivity and specificity in paired designs by taking into account the prevalence and the
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clinical costs of false positive and false negative values. The results provided by this
method are also quite advantageous in terms of clinical interpretation [8].
The performance of the two diagnostic tests is compared according to the results
obtained from patients and healthy subjects. The McNemar test and similar range
estimation methods can be used to compare the sensitivities of the two tests, but they do
not take into account variations that may occur in the sample and differences in
specificity. The aim of this study is to compare the sensitivity and specificity of two
different tests with each other by taking into consideration of the prevalence and clinical
significance under the condition that the result of the gold standard test is known.
2. MATERIAL AND METHOD
It is possible to compare T1 (Diagnostic test 1) and T2 (Diagnostic test 2) developed
for the same purpose through two designs i.e. unpaired and paired.
Assuming that G represents gold standard test, T1 and G are administered to the
subject N1 in unpaired designs while T2 and G are administered to the subject N 2 in
paired designs. The fact that T1 and T2 are administered to subjects simultaneously in
paired designs provides an obvious advantage by making it possible to work with less
number of subjects. The unpaired design is suggested to be used when T1 and T2 cannot
be administered to the same subjects for any reason.
The present study focuses on paired designs. The method that is most frequently used
in comparing sensitivity and specificity separately in paired designs is McNemar test.
Relevant notations are demonstrated in Table 1 and Table 2.
When the sensitivity difference between two tests is 1  1.  .1  12  21 ,
McNemar method can be used for testing the hypothesis, H 0 : 1  0 (both tests have
the same sensitivity) [12,13].

2   a12  a21 

2

 a12  a21 

(1)

In this test, a12 and a21 display discordant cell frequencies. p value can be calculated
exactly, or z value can be calculated for large samples, or continuity correction can be
made [14, 8, 15].
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Table 1
Notations for the Simultaneous Comparison of Sensitivity and Specificity
of Two Tests in Paired Designs for Actual Rates
GOLD STANDARD POSITIVE
GOLD STANDARD NEGATIVE
Test 2

Test 1

Test 2





Total



11

12

1.



21

22

2.

.2
Total .1
Sensitivity Difference
1  1.  .1  12  21

Test 1





Total



11

12

1.



21

22

 2.

.1
.2
Total
Specificity Difference
2  2.  .2  21  12

1

1

Table 2
Notations for the Simultaneous Comparison of Sensitivity and Specificity
of Two Tests in Paired Designs for the Frequencies Observed
GOLD STANDARD POSITIVE
GOLD STANDARD NEGATIVE
Test 2

Test 1

Test 2





Total



a11

a12

a1.



a21

a22

a2.

Total

a.1

a.2

M

Test 1





Total



b11

b12

b1.



b21

b22

b2.

Total

b.1

b.2

N M

In 1995, Lu and Bean [16] stated that the relative importance of sensitivity and
specificity could change, thus both sensitivity and specificity should be taken into
consideration when comparing tests.
Newcombe developed a representation by weighing the clinical costs of false
negatives and false positives. The costs of both test procedures may vary substantially in
the course of time. Such varying costs are not included in the process simply. Let‟s
assume that c1 is the clinical cost of false negative result, c2 is the clinical cost of false
positive result, and 0 is the clinical cost of correct classification. To evaluate any
screening program properly, the following must be the case: c1 (the cost of false
negative)  c2 (the cost of false positive)  0 .
 is the estimated prevalence belonging to the population to which Test 1 and Test 2
are administered. Usually, it is not equal to M / N ( M : The number of ill people / N :
The number of all [healthy and ill] people), but lower than M / N .
Let‟s assume that E1 (expected value) shows the performance loss of T1 test in
comparison to the gold standard test.
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E1   1  1.  c1  1  1  2  c2

(2)

E2   1  .1.  c1  1   1  .2  c2

(3)

refers to performance loss for T2 test, the following is obtained [8]:

E2  E1  c11  (1  )c2 2
1 and 2
f  1  (1   )2
c1



1   (1  )c2

(4)

1
(1  )c2
1
c1

Getting a value between 0 and 1,  is a parameter that is to be calculated by using the
clinical cost proposed for false negative and false positive values and the prevalence
value belonging to the population to which tests are administered [8].

 depends on the balance between c1 c2 and  . It allows the researcher to evaluate
results in accordance with the purposes set for the study. If the cost of false negative is
more important, the case will be as follows: c1  c2 . In such a case, c1 c2  0 will be
true and  will be different from 0. In addition,   1 will be true, and f will replace
1. On the contrary, if the prevalence of disease is low enough and the cost of false
positive is more important,   0 will be true, and c1 c2 value will be different from 0.
  0 will be true, and f will replace 2 .
To create an appropriate confidence interval method for the difference of two ratios in
unpaired designs, two Wilson score confidence interval methods [17] can be combined
with squaring and addition operations. This process can be regulated as in the equation 5
for independent chance X 1 and X 2 variables along with w1  1 and w2  1 provided
here.

var  w1 X1  w2 X 2   w12 var X1  w22 var X 2

(5)

The means of independent random samples whose variance is known as  2 and
whose mean is selected from the normal distribution with 1 and  2 are defined as x1
and x2 . Let‟s assume that lower limit is  li  and upper limit is  ui  . If the confidence
interval for i  i  1, 2 

is 100% 1   , the confidence interval 100% 1   for

1  2 [18, 19, 20, 21] is to be as follows:
x1  x2 

 x  l 
1

1

2

  u2  x2 

2

 and x  x   x  l   u  x  
2

1

2

2

2

2

1

1

(6)
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The methods developed determine an interval for the difference between two ratios in
paired and unpaired designs. This interval will be independent of deviations [8].
For

i , the confidence interval 100% 1  

is re-calculated through the

representation of i  1, 2   Li ,Ui  . The process in unpaired designs is re-applied for
any   0,1 value. However, this time, the confidence interval 100% 1   of w1  
and w2  1   and f is calculated as in the equation 7[22, 23, 24, 25].










fˆ    2 ˆ 1  L1



fˆ    2 U1  ˆ 1


2

2









 (1   ) 2 ˆ 2  L2

 (1  ) U 2  ˆ 2
2

2





2

(7)





Here, the positive values of square root results are taken. This is reduced to  L1U1  in

  1 , and to  L2U 2  in   0 [23, 24, 225].
The graph of f under the limits determined above for the values of  in the 0-1
interval allows preferring one test instead of another by taking into consideration any
assumed prevalence value and loss ratios. Researchers can determine the  value
depending on both prevalence (known or assumed) and the significance level of clinical
cost [26, 27]. In addition, the order of tests can be changed to determine which test is to
be used as well as its degree of influence. As it is simply as follows:

2 L

0

 2U

, the
2
 2
graph to be drawn will be concave for closed form all the time [28]. Since it is generally
as follows: M  N / 2 (The number of ill people / [The total number of people /2]), the
interval of sensitivity difference  1  (showed with   1 in graph) will be wider than
the interval of specificity difference  2  (showed with   0 in graph).
A study carried out at the Department of Cytopathology of Ankara University
Medical School investigated the impact of the use of various antibodies in
determining thyroid nodules as benign or malign via Preoperative Fine-Needle Aspiration
Biopsy (FNAB) in order to achieve diagnostic accuracy. To this end, the antibodies of
HBME-1, CD56 and CITED-1 were studied immunehistochemically. Histopathological
examination was accepted as gold standard. At the end of the evaluation made through
gold standard test, 44 people were found to have benign thyroid nodules while 46 people
were found to have malign thyroid nodules. In this study, the performance of the
diagnostic test has been assessed by comparing the two methods: the classical methods
(McNemar) and Newcombe graphical approach.
The performances of the three tests in comparison to one another were evaluated via
Newcombe method. Analyses were performed through MINITAB 16.0 and the Ms Office
Excel Macro developed by Newcombe.
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3. FINDINGS

Table 3
The Performances of PHME1 and PCD56 Tests when the
Gold Standard was Positive and Negative
GOLD STANDARD POSITIVE
GOLD STANDARD NEGATIVE
PCD56

PHME1

PCD56





Total



37

3

40



0

4

4

PHME1

37
7
44
Total
Sensitivity Difference
PHME1 STAINING
– PCD56 STAINING = 0.0682
95% confidence limits -0.0267 and 0.1776





Total



5

1

6



10

30

40

15
31
46
Total
Specificity Difference
PHME1 STAINING
– PCD56 STAINING = 0.1957
95% confidence limits 0.0566 and 0.3320

1

0.6
0.4
0.2
0
-0.2
0

0.2

0.4
lambda

0.6

0.8

1

delta sensitivity (PHME1-PCD56)

delta specificity (PHME1-PCD56)

0.8

Figure 1: The Simultaneous Representation of Sensitivity and Specificity Based on
the Prevalence (lambda) between PHME1 Staining and PCD56 Staining
The performance of the PHME1 and PCD56 tests in case where the gold standard is
positive and negative; and the simultaneous evaluation of sensitivity and specificity by
the Newcombe test according to the prevalence (lambda) between the PHME1 staining
and the PCD56 staining are displayed in Table 3 and Figure 1, respectively.
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Table 4
The Performances of PHME1 and PCITED Tests when the
Gold Standard was Positive and Negative
GOLD STANDARD POSITIVE
GOLD STANDARD NEGATIVE
PCITED

PHME1

PCITED





Total



38

2

40



4

0

4

Total
42
2
44
Sensitivity Difference
PHME1 STAINING
– PCITED STAINING = –0.0455
95% confidence limits 0.1727 and 0.0772

PHME1





Total



5

1

6



8

32

40

Total
13
33
46
Specificity Difference
PHME1 STAINING
– PCITED STAINING = 0.1522
95% confidence limits 0.0226 and 0.2835

1
0.8

0.4
0.2
0
-0.2
-0.4
0

0.2

0.4

0.6
lambda

0.8

1

delta sensitivity (PHME1-PCITED)

delta specificity (PHME1-PCITED)

0.6

Figure 2: The Simultaneous Representation of Sensitivity and Specificity based on
the Prevalence (lambda) between PHME1 Staining and PCITED Staining
The performance of the PHME1 and PCITED tests in case where the gold standard is
positive and negative; and the simultaneous evaluation of sensitivity and specificity by
the Newcombe test according to the prevalence (lambda) between the PHME1 staining
and the PCITED staining are displayed in Table 4 and Figure 2, respectively.
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Table 5
The Performances of PCITED and PCD56 Tests when the
Gold Standard was Positive and Negative
GOLD STANDARD POSITIVE
GOLD STANDARD NEGATIVE
PCD56

PCITED

PCD56





Total



35

7

42



2

0

2

Total
37
7
44
Sensitivity Difference
PCITED STAINING
– PCD56 STAINING = 0.1136 95%
confidence limits -0.0249 and 0.2552

PCITED





Total



8

5

13



7

26

33

Total
15
31
46
Specificity Difference
PCITED STAINING
– PCD56 STAINING = 0.0435
95% confidence limits -0.1080 and 0.1924

1

delta sensitivity (PCITED-PCD56)

delta specificity (PCITED-PCD56)

0.8

0.6
0.4
0.2
0
-0.2
0

0.2

0.4

0.6

0.8

1

lambda

Figure 3: The Simultaneous Representation of Sensitivity and Specificity based on
the Prevalence (lambda) between PCITED Staining and PCD56 Staining
The performance of the PCITED and PCD56 tests in case where the gold standard is
positive and negative; and the simultaneous evaluation of sensitivity and specificity by
the Newcombe test according to the prevalence (lambda) between the PCITED staining
and the PCD56 staining are displayed in Table 5 and Figure 3, respectively.
McNemar Test Performance:
If there was no relationship between the disease and the risk factor, one would
anticipate that the number of pairs in which the case was subjected to the risk factor while
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the control was not subjected to the risk factor to be equal to the number of pairs in which
this time the control was subjected to the risk factor while the case was not. The present
study involved three discordant pairs, with the case and the control having different
exposure to the risk factor. There were three (100.00%) pairs in which the control was
subjected to the risk factor while the case was not; and 0 (0.00%) pairs in which the case
was subjected to the risk factor while the control was not. The answer to this question lies
in the p value: If there is not any relationship between risk factor and disease, how
probable is it to determine a discrepancy that is not less large than this figure between the
numbers of the two types of discordant pairs? A small p value is a proof that indicates the
presence of a relationship between the risk factor and the disease.
The performances of PHME1 and PCD56 tests with the gold standard positive and the
gold standard negative are below:
Gold Standard Positive; the two-tailed p value equals 0.2482. According to
conventional criteria, this difference is regarded to be “not statistically significant”.
McNemar's test with the continuity correction was applied to calculate the p value. Chi
squared equals 1.333 with 1 degree of freedom.
Gold Standard Negative; the two-tailed p value equals 0.0159. According to
conventional criteria, this difference is regarded to be “statistically significant”.
McNemar's test with the continuity correction was applied to calculate the p value. Chi
squared equals 5.818 with 1 degree of freedom.
The performances of PHME1 and PCITED tests with the gold standard positive and
the gold standard negative are below:
Gold Standard Positive; the two-tailed p value is equal to 0.6831. According to
conventional criteria, this difference is regarded to be “not statistically significant”.
McNemar's test with the continuity correction was applied to calculate the p value. Chi
squared is equal to 0.167 with 1 degree of freedom.
Gold Standard Negative; the two-tailed p value is equal to 0.0455. According to
conventional criteria, this difference is regarded to be “statistically significant”.
McNemar's test with the continuity correction was applied to calculate the p value. Chi
squared is equal to 4.000 with 1 degree of freedom.
The performances of PCITED and PCD56 tests with the gold standard positive and
the gold standard negative are below:
Gold Standard Positive; the two-tailed p value is equals to 0.1824. According to
conventional criteria, this difference is regarded to be “not statistically significant”.
McNemar's test with the continuity correction was applied to calculate the p value. Chi
squared is equal to 1.778 with 1 degree of freedom.
Gold Standard Negative; The two-tailed p value is equal to 0.7728. According to
conventional criteria, this difference is regarded to be “not statistically significant”.
McNemar's test with the continuity correction was applied to calculate the p value. Chi
squared is equal to 0.083 with 1 degree of freedom.
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4. DISCUSSION

Wang et al. [9], compared the predictive values of two diagnostic tests for the same
sample using the weighted least squares method (WLS). 608 coronary artery disease
(CAD) and 263 CAD free subjects have 0.89 and 0.88 positive predictive value (PPV)
and 0.78 and 0.65 negative predictive value (NPV) of clinical history and exercise stress
testing (EST), respectively. Both WLS and generalized estimating equation (GEE)
methods were applied to the data. In a way to compare PPV and NPV, the two statistics
from WLS were found to be very close to those from GEE. For this reason, the PPV
values of EST and clinical history (0.89 and 0.88) were not different in order to predict
CAD. However, the clinical history has a preferred NPV value (0.78 vs. 0.65) compared
to EST. As a result, it can be concluded that WLS and GEE methods yielded similar
results. The authors noted that the WLS method using the difference between two PPVs
or NPVs was based on the simulation study and the results they reached from the actual
data had similar test size or power in the GEE score test. The WLS method is suggested,
since both the difference-based approach is easier to use and the WLS is more
understandable by the researchers.
In the Cairns et al. [10] rapid diagnostic tests (RDTs) were used to distinguish
between those who are truly having malaria and those not. Nevertheless, they used
Newcombe's graphical approach, with the understanding that combining correct
management of positives and negatives as a single summary measure could be
misleading. According to the results obtained, if the PMR (Positive Management Rate)is
prioritized ( R  1) , i.e. false negatives (missedmalaria cases) are highlighted, the lambda
is raised. It is sharper than the low prevalence and therefore has more effect on the
weighted difference of the PMR. Conversely, if a false positive is given priority ( R  1) ,
then the NMR (Negative Management Rate) has more effect. When the confidence
interval of the weighted average exceeds 0, the test group is no longer significantly better
than the control group. In their study, graphical representations were given according to
five different values of the prevalence.
Kim and Lee [11] have studied data, used by Luong et al., on the diagnosis of
invasive pulmonary aspergillosis (IPA) in lung transplant recipients. Using the cases
including 97 negative controls and 51 infected patients, they reanalyzed the data to
compare the PCR assays and the GM assay. They performed McNemar's test separately
for infected patients and non-infected patients and compared the results with the result of
another McNemar's test performed on all patients (infected and uninfected). While the
results for separate tests were meaningful, the result for the latter test with combined data
was meaningless. This indicates that the improper use of McNemar's test may lead to
very different results from the results those need to be obtained via separately performed
analysis. The authors mentioned that even though the McNemar test is widely used in
comparing two tests, in order to address the situations as in their study there are
alternative methods within the literature such as graphical approach.
In this study, when the performances of the tests were evaluated by Newcombe
method, the following results are obtained.
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When the antibodies of HBME-1 and CD56 were compared, when   0 , the
difference between the specificity of tests was found to be 0.20 (0.06-0.33); and
when   1 , the difference between the sensitivity of tests was found to be 0.07
(-0.027-0.18) (Table 3, Figure 1). Since the interval value within the  = 0.87 instantly
included the value of 0, it is not appropriate to evaluate the circumstances where   1
in terms of sensitivity. However, when  = 0.50 (i.e. the cost of false positive and
the cost of false negative had the same level of significance and the prevalence was
close to 50%), the antibody of HBME-1 was found to be superior to the antibody of
CD56 in terms of both sensitivity and specificity. In all circumstances where   0.87 ,
the antibody of HBME-1 was found to be superior to the antibody of CD56 in terms of
specificity (Table 3, Figure 1).
When the antibodies of HBME-1 and CITED-1 were compared, when   0 , the
difference between the specificity of tests was found to be 0.15 (0.02-0.28); and when
  1 the difference between the sensitivity of tests was found to be -0.05 (-0.17-0.07)
(Table 4, Figure 2). Since the interval value within the  = 0.19 instantly included the
value of 0, it is not appropriate to evaluate both the circumstances where   1 in terms
of sensitivity and those where  = 0.50 in terms of sensitivity and specificity (Table 4,
Figure 2).
When the antibodies of CITED-1 and CD56 were compared, since for all  values, the
interval instantly included the value of 0, it was determined that there was no difference
between the performances of tests in comparison to one another (Table 5, Figure 3).
5. CONCLUSION
The relative benefits of two tests can be identified by determining their distance
to the gold standard test used. This yields definite results, but is very expensive or
usually invasive. In some instances, these tests can be used only after death (Alzheimer)
[29, 30, 31].
In such disciplines as histopathology where there is a particular test procedure, the
repetition of gold standard test may not yield perfect results, or this test may not be
repeatable. The classical methods proposed so far allow comparing the sensitivity and
specificity of two tests in paired designs separately.
Presented as an alternative to these methods, the Newcombe graphical approach is a
graphical approach that permits simultaneous comparison of sensitivity and specificity
between two tests of the two predictors of the two false positives. When applied to the
relevant sample, the Newcombe graphical approach allows the simultaneous comparison
of the positive and negative cases between two different management strategies by
drawing the difference in the correct probability. This approach therefore provides a
simple visual way to summarize the two aspects of case management performance, and
extend results from one setting to areas with different prevalence.
Considering the prevalence of Newcomb graphic approach that compares both the
sensitivity and specificity, as a result of this study it can be concluded that Newcombe
graphical approach gives better results than the classical Mc Nemar test for the same
sample group used in the study. Simultaneously comparing the sensitivity and specificity
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of tests by taking into consideration the clinical costs of false positive/false negative
values and prevalence, Newcombe graphic approach method is also quite advantageous
in terms of clinical interpretation.
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