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A Comparison of the Sensitivity, Specificity and
Prevalence Response of Coefficients of

Individual Agreement (CIA) with
Cohen’s Kappa and Gwet’s AC1 Statistics

AABBSS  TTRRAACCTT  OObbjjeeccttiivvee:: In this study, a condition of  diagnostic test only two categories as patient/healthy (or
positive/negative) is evaluated by two clinicians is considered. Additionally, the aim of this study is exhibit-
ing how the condition of the coefficients of individual agreement (CIA), Cohen’s Kappa, AC1 statistics which
are some of agreement statistics using for evaluating the agreement between the clinicians is affected by the
sensitivity, specificity and prevalence. MMaatteerriiaall  aanndd  MMeetthhooddss:: In this study, two different scenarios are estab-
lished. In the first scenario, it is aimed to show how they are affected from the prevalence by fixing sensitiv-
ity and specificity values. In case of the second scenario, it is considered that the sensitivity and specificity
values of X observer are not equal and higher and the sensitivity and specificity values of Y observer are not
equal and the above-mentioned 4 combinations. In these two scenarios and eight different combinations, it is
aimed to define how the coefficients of individual agreement, Cohen's kappa statistics and AC1 statistics change
for different prevalence values and to show how they are affected by the sensitivity, specificity  and prevalence
values. RReessuullttss::  In Scenario 2, in the second and third combinations with, it is an expected situation that in case
of a high sensitivity, the agreement coefficients increases when the prevalence value increases and in cases of
low sensitivity, they decreases depending on the increase rate of the prevalence value. In these combinations
it is observed that only the coefficients of individual agreement give such results while kappa statistics and AC1
statistics have symmetrical results in all combinations. CCoonncclluussiioonn::  At the end of this study, while observing
the agreement between the observers in reliability studies including two observers and diagnostic test consists
of two categories such as “patients” and “healthy”, it is suggested that the researchers should take into account
the prevalence and bias concepts and use the coefficients of individual agreement (CIA) since it is not affected
by the sensitivity, specificity and prevalence values.

KKeeyy  WWoorrddss::  Prevalence; agreement; coefficient of individual (CIA); AC1 statistics, Cohen’s Kappa statistics

ÖÖZZEETT  AAmmaaçç:: Bu çalışmada, hasta/sağlam (ya da pozitif/negatif) olmak üzere sadece iki kategorisi olan bir tanı
testin iki klinisyen tarafından değerlendirildiği durumlar dikkate alınmıştır. Ayrıca bu çalışmanın amacı,  kli-
nisyenler arası uyumu değerlendirebilmek için kullanılan uyum istatistiklerinden birey uyum katsayısı, kappa
katsayısı ve AC1 istatistiğinin, duyarlılık, özgüllük ve prevelanstan etkilenme durumları ortaya konulmaya
çalışılmıştır. GGeerreeçç  vvee  YYöönntteemmlleerr:: Bu çalışmada iki farklı senaryo tasarlanmıştır. İlk senaryoda, duyarlılık ve öz-
güllük değerleri sabit tutularak prevelanstan etkilenme durumları ortaya konmaya çalışılmıştır. İkinci senar-
yoda ise X değerlendiricisinin duyarlılık ve özgüllük değerlerinin yüksek ve eşit olmadığı, Y değerlendiricisinin
de duyarlılık ve özgüllük değerlerinin eşit olmadığı ve 4 farklı kombinasyon göz önünde bulundurulmuştur. Bu
iki senaryo ve sekiz farklı kombinasyonda, farklı prevelans değerleri için birey uyum katsayıları, Cohen Kappa
istatistiği ve AC1 istatistiği hesaplanarak nasıl bir değişim gösterdiği belirlenmeye, duyarlılık, özgüllük ve pre-
velanstan etkilenme durumları ortaya konulmaya çalışılmıştır. BBuullgguullaarr:: Senaryo 2’de ikinci ve üçüncü kombi-
nasyonda, duyarlılığın yüksek olduğu bir durumda prevelans değeri arttıkça uyum katsayılarının artması,
duyarlılığın düşük olduğu durumda ise prevelansın artışına bağlı olarak uyum katsayılarının azalması beklenen
bir durumdur. Bu kombinasyonlarda sadece birey uyum katsayılarının böyle bir sonuç verdiği gözlenmekte
ancak kappa istatistiğinin ve AC1 istatistiğinin tüm kombinasyonlarda simetrik bir durum sergilediği fark edil-
mektedir. SSoonnuuçç::  Bu çalışma sonunda iki değerlendiricinin bulunduğu ve tanı testinin hasta/sağlam şeklinde iki
kategorisinin olduğu güvenilirlik çalışmalarında değerlendiriciler arasındaki uyum incelenirken araştırmacılara,
prevelans ve yanlılık kavramlarını dikkate almaları gerektiğini ve duyarlılık, özgüllük ve prevelanstan etkilen-
meyen bir yöntem olan birey uyum katsayısını (CIA) kullanmaları önerilmektedir.
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n general, it might be desired to research
whether measurements that are taken from the
same individuals at different times or measure-

ments that are taken from the same individuals by
different observers are compatible with each other
in method comparisons and reliability studies. In
addition, new methods are proposed, which are day
by day considered to be better than the older ones
in line with technological advancements. A treat-
ment method, which is considered to be gold stan-
dard, or cheaper methods that respond quicker,
which are regarded as reliable in case when there
is no gold standard method, are used in treatment
of any disease. When a newly developed method is
found, it might be sought to evaluate whether this
method is to what extent compatible with the gold
standard method or a reliable method via compar-
ison. If the differentiation between this newly de-
veloped method and the standard method is not to
an extent that will change clinical interpretation,
this newly developed method can be used instead
of the older method or both methods can be used
interchangeably. Therefore, it is required to estab-
lish accuracy and precision of the addressed meas-
urement or the developed method in order to be
used as an alternative in method comparisons. Ac-
curacy (systematic bias or bias) represents the
closeness of the mean test results to the true value
or the accepted reference value while precision
(random error) represents the closeness of agree-
ment to the test results. In the method comparison
studies, the concept of agreement includes both the
terms of precision (random error) and accuracy
(systematic bias). Therefore, it is quite important
to consider all these concepts.1-4 

While agreement refers to similarity between
measurements obtained through different methods,
disagreement refers to how much these obtained
measurements are different from each other. When
disagreement is the case between methods or ob-
servers, it should be investigated whether this dis-
agreement stems from systematic error (bias) or
random error. Because, systematic error can be sta-
bilized via calibration in general but on the other
hand, taking random error under control is quite
difficult since it is a type of error that randomly in-

terferes with measurement results, whose amount
and direction are not definitely known and that
emerges with luck. If disagreement (differentia-
tion) is due to the random error within a certain
method, this method is not recommended to be
used in practice. If disagreement is due to the true
differences among the methods (systematic bias),
this method should be modified. Therefore, assess-
ing agreement generally results with assessment of
inter-method agreement and of intra-method
agreement. Intra-method agreement measures con-
sistency of measurements obtained by the same
method and inter-method agreement measures
consistency of true measurements obtained from
these methods. Inter-method agreement is defined
over true values rather than observed values since
it cannot be concealed with random error within
the method.5

The biggest problem while conducting agree-
ment analyses for obtained measurement results is
to decide statistical method to be used. It is seen in
many agreement studies that classical statistical
methods such as Pearson’s correlation coefficient,
regression analysis and t-tests for dependent groups
are used. However, it was observed that the results
obtained as a result of these known classical meth-
ods are inaccurate and alternative methods have
been developed. The statistical method to be used
varies depending on with what variable the meas-
urement result is identified or in other words
whether outcome variable is constant, discrete, cat-
egorical or sequenced, whether the measured prop-
erty (variable) fulfills the condition for normality,
on the number of observers, if used the number of
diagnostic tests and the number of categories in di-
agnostic test.6

If the outcome variable is categorized, Scott’s
p statistics, Cohen’s kappa statistics, the G-index,
Gwet’s AC1 statistics, Fleiss’ kappa statistics and
Krippendorf’s Alpha coefficient are widely used in
the literature. If the final variable has a sequential
structure, weighed kappa statistics and Kendall’s W
coefficient are used.7,8

In addition, Haber and Barnhart (2007) pro-
posed that disagreement between measurements
obtained from the same individuals via different
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methods and disagreement between repeated
measurements of the same individuals obtained via
the same method are similar. In other words, they
advocated that when a method replaces another
method or methods trade places with each other,
this does not increase the amount of disagreement
between measurements obtained from the same in-
dividuals. Based on this information, they proposed
a new approach for estimating and defining agree-
ment coefficient between observers or methods.
This approach is the Coefficient of Individual
Agreement (CIA) that is described as a special dis-
agreement function, which can be used in cases
when repeated measures are also continuous and
categorical variables.9

In this study, the situations when a diagnostic
test with only two categories as of the diseased /
not diseased (or positive/negative) are applied on
the same individuals by two different clinicians are
considered. Additionally, the aim of this study is to
show how the coefficients of individual agreement
change in order to evaluate the agreement between
the clinicians and how these coefficients are af-
fected by Cohen’s Kappa, Gwet’s AC1 statistics and
the prevalence that are available in the literature.  

MATERIAL AND METHODS

COEFFICIENT OF INDIVIDUAL AGREEMENT (CIA)

In order to define a coefficient of agreement, we
first have to decide how we quantify the agreement
between the two methods or clinicians. X and Y
show the measurement value of first and second
clinician respectively. In cases where there is only
two clinicians, measurements of these clinicians are
indicated with X and Y. Replicated measurements
for the first clinician (X) is indicated with X and X’;
disagreement function between two measurements
is G(X,X’), two replicated measurements for the
second clinician (Y) is indicated with Y and Y’ and
disagreement function between these two meas-
urements are defined as G(Y,Y’). The quantity of
disagreement between measurements obtained
from the same individuals is presented with G(X,
Y). It is assumed that it is G(X,Y)≥ 0 and G(X,X)=0
for the disagreement functions. Additionally,

G(X,Y) disagreement coefficient increases as the
disagreement between X and Y increases.9,10

N denotes the number of subjects included in
the study and stated as i=1,2….N. Xik denotes
k.replicated measurement value of X clinician ob-
tained from i. subject (k=1,2,…Ki), Yil denotes l.
replicated observations obtained from i. subject
(l=1,2……, Li). For a structure with two results;
positive case X and Y values will be equal to 1, neg-
ative case X and Y values will be equal to 0. For a
positive case of X clinician; P(Xik=1)=πi (k=1,...,Ki),
for a positive case of Y clinician P(Yil=1)=λi
(l=1,..,Li). Disagreement functions specific to indi-
viduals are denoted as

Total disagreement function, G, mean of dis-
agreement functions for all individuals (Gi) are for-
mulated as below.10-14

(4)

Haber and Barnhart (2007) assessed cases
where one of the observers is a reference observer
as well as where none is a reference observer while
evaluating the agreement between observers.9

Based on this, if none of the observers is considered
as a reference, coefficient of individual agreement
(CIA) is formulated as in the Equation 5. This equa-
tion’s numerator provides the average of disagree-
ments between two repeated measurements taken
from the same individuals by the same observer; its
denominator provides disagreement between ob-
servers X and Y.9-13

(5)
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the first clinician (X) is indicated with X and X’; disagreement function between two 

measurements is G(X,X’), two replicated measurements for the second clinician (Y) is 
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defined as G(Y,Y’). The quantity of disagreement between measurements obtained from the 

same individuals is presented with G(X, Y). It is assumed that it is G(X,Y)≥ 0 and G(X,X)=0 

for the disagreement functions. Additionally, G(X,Y) disagreement coefficient increases as 

the disagreement between X and Y increases. 9,10    
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If measurements of an experienced or an reliable observer are to be compared with 

measurements of a new observer, the observer X should be provided as reference and 

coefficient of individual agreement (CIA) should be expressed as in the Equation 6 when this 
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2.1.1. Interpretation and Properties of the Coefficients 

Nψ  coefficient of individual agreement is measured between 0-1 while the agreement 

coefficient of Rψ can exceed 1. Coefficients of individual agreement (CIA) generally take a 

value between 0 and 1. It is believed that for an acceptable agreement, coefficients of 

individual agreement should be at least 0.80. A value that is less than 0.80 for ψ which is 

regarded as the probability of disagreement between observers, is more or 25% more than 

probability of disagreement between measurements that were taken twice by the same 

observer. A very small value of ψ generally result from almost perfect agreement between 

repeated measurements obtained from the same observer. If all repeated measurements of the 

reference observer obtained from the same individual are equal to the same value, the 

coefficient ψR will be equal to 0. Likewise, when there is no variability within repeated 

measurements taken from individuals for both observers, ψN will also be equal to 0.10,14  

 

2.1.2. A Latent Class Model for Diagnostic Agreement 

The Latent class models are firstly used by Dawid and Skene (1979) for the agreements 

of diagnostic tests.13 According to this model, each individual participated to the study is 

defined either as “diseased” (the patient) or “not diseased” (the healthy). D represents illness 



If measurements of an experienced or an reli-
able observer are to be compared with measure-
ments of a new observer, the observer X should be
provided as reference and coefficient of individual
agreement (CIA) should be expressed as in the
Equation 6 when this new observer is compared
with measurements of Y. The equation’s numerator
provides the disagreement between repeated meas-
urements of the observer that is considered to be
reference; its denominator provides disagreement
between observers X and Y.10,13,14
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INTERPRETATION AND PROPERTIES OF 
THE COEFFICIENTS

ΨN coefficient of individual agreement is measured
between 0-1 while the agreement coefficient of ΨR

can exceed 1. Coefficients of individual agreement
(CIA) generally take a value between 0 and 1. It is
believed that for an acceptable agreement, coeffi-
cients of individual agreement should be at least
0.80. A value that is less than 0.80 for Ψ which is
regarded as the probability of disagreement be-
tween observers, is more or 25% more than prob-
ability of disagreement between measurements
that were taken twice by the same observer. A very
small value of Ψ generally result from almost per-
fect agreement between repeated measurements
obtained from the same observer. If all repeated
measurements of the reference observer obtained
from the same individual are equal to the same
value, the coefficient ΨR will be equal to 0. Like-
wise, when there is no variability within repeated
measurements taken from individuals for both ob-
servers, ΨN will also be equal to 0.10,14

A LATENT CLASS MODEL FOR DIAGNOSTIC AGREEMENT

The Latent class models are firstly used by Dawid
and Skene (1979) for the agreements of diagnostic
tests.13 According to this model, each individual
participated to the study is defined either as “dis-
eased” (the patient) or “not diseased” (the healthy).
D represents illness status of the individuals as the
true patient or the healthy. X and Y represent the
individuals engaged in the study. The patients are

represented as having positive or 1 value while the
healthy is represented as having negative or 0
value. This model includes the following five pa-
rameters. ω show the prevalence of illness, η1 and
θ1 show the sensitivity value of X and Y while 
(1-θ0) and (1-η0) show the specificity value of X and
Y. Parameters are indicated in Equation 7-11.13

(7)
(8)

(9)

(10)

(11)

Disagreement functions of X and Y observers
are indicated in Equation 12-14.10,12,13

(12)

(13)
(14)

If X observer is accepted as a reference, then
the sensitivity and specificity values should be high.
Accordingly, it is assumed that the sensitivity of X
observer is higher than 0.50 (η1>0.50) and the speci-
ficity of X observer is higher than 0.50 (η0<0.50) so
that ΨR is an increasing function for the sensitivity
and a decreasing function for the specificity of Y ob-
server. In other words, it is desired to have high
sensitivity and high specificity values without con-
sidering how close the values of Y observer to the
sensitivity and specificity values of X observer.
Therefore, if ΨR value reaches a higher value when
a new observer is compared with a good reference
method, it is expected that sensitivity and specificity
values are significantly sensible.10

COHEN’S KAPPA STATISTIC

Cohen (1960) suggested Kappa statistic for evalu-
ating of agreement between two raters and formu-
lated as below.15-18

(15)

The overall agreement probability is expressed
as Pa. The change agreement probability is ex-
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status of the individuals as the true patient or the healthy. X and Y represent the individuals 
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Disagreement functions of X and Y observers are indicated in Equation 12-14.10,13,15  
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If X observer is accepted as a reference, then the sensitivity and specificity values 

should be high. Accordingly, it is assumed that the sensitivity of X observer is higher than 

0.50 ( 500.>η ) and the specificity of X observer is higher than 0.50 ( 5000 . ) so that 

Rψ  is an increasing function for the sensitivity and a decreasing function for the specificity 

of Y observer. In other words, it is desired to have high sensitivity and high specificity values 

without considering how close the values of Y observer to the sensitivity and specificity 

values of X observer.  Therefore, if Rψ value reaches a higher value when a new observer is 

compared with a good reference method, it is expected that sensitivity and specificity values 

are significantly sensible.10    

 

 



pressed as Pe/κ. Equation 16 show the change agree-
ment probability, Equation 17 show the overall
agreement probability.16

(16)
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Let PA+ and PB+ denote respectively the prob-
abilities that raters A and B to classify a participant
into the positive category and formulated as Equa-
tion 17 and 18 respectively.16-18

(17)
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Where Pr represents the population trait
prevalence. αA and αB denote, respectively, raters
A and B sensitivity values. Similarity βA and βB de-
note, respectively, raters A and B specificity values.
The general equation of Cohen’s kappa statistics is
given by:16

(19)

GWET’S AC1 STATISTICS

AC1 statistic was proposed in 1991 by Gwet as an
alternative to Kappa statistic. Gwet’s AC1 statistics
is called the first order agreement coefficient or
AC1 statistics  and formulated as below.16-18

(20)

The overall agreement probability for AC1 sta-
tistics is defined as Equation 17. The change agree-
ment probability is calculated as

Where                                                              and 
16

SIMULATIONS

In this study two different scenarios are estab-
lished. In the first scenario, it is aimed to show how
they are affected from the prevalence by fixing sen-
sitivity and specificity values. In such a situation,
considering three different situations in which the

sensitivity and specificity values of X observer are
equal and high (η1=0.90; (1−η0)=0.90), medium
(η1=0.50; (1−η0)=0.50) and low (η1=0.30; (1−
η0)=0.30), 5 different combinations in which the
sensitivity and specificity values of Y observer are
equal and 0.90; 0.80; 0.50; 0.40 and 0.30. 

In case of the second scenario, it is considered
2 different situations that the sensitivity and speci-
ficity values of X observer are not equal and high
(η1=0.90; (1−η0)=0.80) and low (η1=0.40; (1−
η0)=0.30), it is considering 5 different situations in
which the sensitivity and specificity values of Y ob-
server are not equal and high (θ1=0.80; (1−
θ0)=0.70), the sensitivity is high, while the
specificity is low (θ1=0.80; (1−θ0)=0.40), the sensi-
tivity is low, while the specificity is high (θ1=0.40;
(1−θ0)=0.80), the sensitivity and specificity values
are medium (θ1=0.50; (1−θ0)=0.40) and the sensi-
tivity and specificity values are low (θ1=0.30; (1−
θ0)=0.20). In these two scenarios and 25 (15 for first
scenarios, 10 for two scenarios) different combina-
tions, it is aimed to define how the coefficients of
individual agreement change for different preva-
lence values and to show how they are affected by
the sensitivity, specificity  and prevalence values.

Additionally, it is determined by certain re-
searchers that Cohen’s Kappa coefficient is widely
used for agreement statistics, however Kappa sta-
tistic does not give correct results for agreement
analysis since this coefficient is very much affected
by the prevalence and bias index. It is determined
that when the prevalence indices are high, kappa
statistic value decreases; when the prevalence in-
dices decrease, kappa statistic value increases; and
also when kappa statistic value is low, bias effect is
even higher. It is also suggested that Kappa statis-
tic doesn’t properly reflect the agreement between
the observers and therefore, AC1 statistic was pro-
posed in 1991 by Gwet as an alternative to Kappa
statistic by arguing that AC1 statistic is not affected
by sensitivity, specificity and prevalence values and
show better performance in comparison with
Kappa statistic.7,15-17,19 Consequently, not only the
coefficients of individual agreement but also Kappa
statistic and AC1 statistics are calculated in this
study in order to show how they are affected by
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2.2. Cohen's Kappa Statistic 
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2.4. Simulations 

In this study two different scenarios are established. In the first scenario, it is aimed to 

show how they are affected from the prevalence by fixing sensitivity and specificity values. In 

such a situation, considering three different situations in which the sensitivity and specificity 

values of X observer are equal and high ( 9001900 01 .;. ), medium 

( 50.01;50.0 01 =−= ηη ) and low ( 30.01;30.0 01 =−= ηη ),5 different combinations in 

which the sensitivity and specificity values of Y observer are equal and 0.90; 0.80; 0.50; 0.40 

and 0.30.  

In case of the second scenario, it is considered 2 different situations that the sensitivity 

and specificity values of X observer are not equal and higher ( 8001900 01 .;. ) and 

low ( 30.01;40.0 01 =−= ηη ) , it is considering 5 different situations in which the 

sensitivity and specificity values of Y observer are not equal and higher 

7001800 01 .;. =θ−=θ , the sensitivity is high, while the specificity is low 

4001800 01 .;. =θ−=θ , the sensitivity is low, while the specificity is high 

8001400 01 .;. =θ−=θ , the sensitivity and specificity values are medium 

40.01;50.0 01 =−= θθ  and the sensitivity and specificity values are low 

20.01;30.0 01 =−= θθ .In these two scenarios and 25 (15 for first scenarios, 10 for two 

scenarios) different combinations, it is aimed to define how the coefficients of individual 

agreement change for different prevalence values and to show how they are affected by the 

sensitivity, specificity  and prevalence values.  

Additionally, it is determined by certain researchers that Cohen’s Kappa coefficient is 

widely used for agreement statistics, however Kappa statistic does not give correct results for 

agreement analysis since this coefficient is very much affected by the prevalence and bias 
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the sensitivity, specificity and
prevalence.

RESULTS

According to Scenario 1, the sensi-
tivity and specificity values of X
observer are equal and high
(η1=0.90; (1−η0)=0.90) while the
sensitivity and specificity values of
Y observer are equal and 0.90; 0.80;
0.50; 0.40 and 0.30. In this 5 differ-
ent combinations, coefficients of
individual agreement, Kappa sta-
tistic and AC1 statistic values are
calculated for different prevalence
values (0; 0.10; 0.20; 0.30; 0.40;
0.50; 0.60; 0.70; 0.80; 0.90 and 1),
and the results are represented in
Table 1. 

In 5 different combinations in
which the sensitivity and speci-
ficity values of X observer are
equal and medium (η1=0.50; (1−
η0)= 0.50) and the sensitivity and
specificity values of Y observer are
equal and 0.90; 0.80; 0.50; 0.40 and
0.30, coefficients of individual
agreement, kappa statistic and AC1
statistic for different prevalence
values (0; 0.10; 0.20; 0.30; 0.40;
0.50; 0.60; 0.70; 0.80; 0.90 ve 1)
were calculated and given in Table
2. In 5 different combinations in
which the sensitivity and speci-
ficity values of X observer are
equal and low and the sensitivity
and specificity values of Y observer
are equal and 0.90; 0.80; 0.50; 0.40
and 0.30, coefficients of individual
agreement, kappa statistics and
AC1 statistic for different preva-
lence values (0; 0.10; 0.20; 0.30;
0.40; 0.50; 0.60; 0.70; 0.80; 0.90 ve
1) were calculated and given in
Table 3. 
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The examination of Table 1
shows that in all combinations
where the sensitivity and speci-
ficity values of Y observer are equal
to each other (0.90; 0.80; 0.70; 0.60;
0.50; 0.40; 0.30; 0.20 ve 0.10), the
coefficients of individual agree-
ment are not affected by the preva-
lence values. However, the
agreement between the observers
are decreased if the sensitivity and
specificity values are decreased and
it is always ΨN > ΨR. It is also ob-
served that only if sensitivity and
specificity  value of Y observer is
0.90, the coefficient of individual
agreement is equal to 1, which
shows that there is a perfect agree-
ment between these two observers.
It is expected that agreement coef-
ficient is equal or almost equal to 1
if both observers precisely distin-
guish the diseased and the non-dis-
eased groups. However, maximum
values for Kappa statistic and AC1
statistic are 0.64 and 0.78 respec-
tively while there is such an agree-
ment between the observers,
which is an unexpected situation
(Table 1, Figure 1). 

Regardless of the prevalence
value, when the sensitivity and
specificity values are decreased,
Kappa statistic value is also de-
creased dramatically. Especially
when the sensitivity and specificity
values reduced to 0.50, a case in-
creasing the prevalence value at
the range of 0-0.50 and symmetri-
cally decreasing at the range of
0.50-1 takes negative values when
the sensitivity and specificity val-
ues are 0.40 and lower and preva-
lence value indicates a case
decreasing at the range of 0-0.50,
symmetrically increasing at the
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range of 0.50-1. Besides, in case that ei-
ther sensitivity or specificity value of Y
observer is 0.50, Kappa statistic has “0”
value for all prevalence values (Table 1,
Figure 1). 

In this scenario, a quite high agree-
ment between the observers are ex-
pected in comparison with previous
two combinations. In these combina-
tions, ΨN coefficient of individual
agreement correctly reflects the ex-
pected high agreement between the ob-
servers by having a higher value than
0.80 that is an acceptable value. Addi-
tionally, there is no acceptable value in
literature for AC1 statistic and it is ex-
pected to be higher than 0.70. It is ob-
served in these combinations that AC1
statistic is not affected by the sensitiv-
ity, specificity and prevalence values
and it doesn’t represent the true values
although it is expected to have a higher
value than 0.70.

In all these combinations, AC1 sta-
tistic interval gets narrow as the sensi-
tivity and specificity values are
decreased. It is observed that regardless
of the sensitivity, specificity and preva-
lence values of Y observer, it is mini-
mum 0.64 and maximum 0.78, even in
case that sensitivity and specificity val-
ues of Y observer is 0.30 and lower, it is
0.64 for all prevalence values. It is ob-
served that AC1 statistic is not affected
by the sensitivity, specificity and preva-
lence values, however it gets a lower
value than the true value when it is ex-
pected to have a value close to 1 due to
the perfect agreement between the ob-
servers (Table 1, Figure 1). Considering
all these situations, it is concluded that
Kappa statistic and AC1 statistics does
not provide reliable results but mis-
leading results to the researchers for the
agreement studies.
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When Table 2 is examined, that the sensitivity
and specificity values of Y observer are equal and
are not affected by prevalence values of coefficient
of individual agreement in all combinations (0.90;
0.80; 0.70; 0.60; 0.50; 0.40; 0.30; 0.20 and 0.10) and
that there is ΨN < ΨR in all combinations on the
contrary to the results in Table 1 is observed. ΨR

coefficient is coefficient of individual agreement in
which X observer is taken as a reference. There-
fore, in the case that the sensitivity and specificity
values of X observer depends on chance to 0.50, no
matter what the sensitivity and specificity values
of Y observer are, ΨR coefficient was calculated as
1. ΨN coefficient indicates a case in which the sen-
sitivity and specificity values of Y observer are in-
creasing at the range from 0.90 to 0.50, and it shows
excellent agreement at 0.50 and decreasing sym-
metrically at the range from 0.50 to 0.10.

When Kappa statistics is examined, since the
sensitivity value of X observer is 0.50, it takes the
value of “0”, no matter what the sensitivity and
specificity value of Y observer is. Even in the case
in which the sensitivity and specificity values of
both the observers are equal, an excellent agree-
ment is expected and it takes the value of “0” for all
prevalence values. When AC1 statistics are exam-
ined, the sensitivity and specificity of Y observer is
at the range from 0.90 to 0.50, it decreasing from

0.14 to 0 is showing, it symmetrically increasing
from 0 to 0.14 if it is between 0.40 and 0.10. Be-
sides whichever combination it is, in the case hav-
ing the prevalence value at 0.50, it is observed to
take the value of “0”. Besides this, as in kappa sta-
tistics in the combination where sensitivity and
specificity values of both the observers is 0.50 and
0.40, AC1 statistics value is being calculated as “0”
while there is an excellent agreement between the
observers (Table 2, Figure 2).  

When Table 3 is examined, ΨN coefficient of
individual agreement, the sensitivity and specificity
values of Y observer increases between 0.10 and
0.30, while it is showing a case decreasing from 0.98
to 0.45 is at between 0.40 and 0.90, if the excellent
agreement is at 0.30. ΨR coefficient of individual
agreement is equal to 1 in the case that the sensi-
tivity and specificity values of Y observer is 0.10;
0.20 and 0.30, it decreases from 0.91 to 0.64 if it is
between 0.40 and 0.90. Kappa statistics and AC1 sta-
tistics take the values very close to “0” in all combi-
nation, besides it may be misleading results in the
cases where both observers are agreement.

According to the scenario 2, considering two
different situations that the sensitivity and speci-
ficity values of X observer are high and not equal
(η1=0.90; (1−η0)=0.80) and low (η1=0.40; (1−
η0)=0.30), in 5 different combinations where the
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FIGURE 1: Results of Scenario 1 (η1=0.90; (1−η0)=0.90). FIGURE 2: Results of Scenario 1 (η1=0.50; (1−η0)=0.50).



sensitivity and specificity values of Y observer are
high (θ1=0.80; (1−θ0)=0.70), the sensitivity value is
high and the specificity value is low (θ1=0.80; (1−
θ0)=0.40), the sensitivity value is low and the speci-
ficity value is high (θ1=0.40; (1−θ0)=0.80), the
sensitivity and specificity values are medium
(θ1=0.50; (1−θ0)=0.40) and the sensitivity and
specificity values is low (θ1=0.30; (1−θ0)=0.20), co-
efficients of individual agreement, Kappa and AC1
statistics results are represented in Table 4 and
Table 5 for 11 different prevalence values (0; 0.10;
0.20; 0.30; 0.40; 0.50; 0.60; 0.70; 0.80; 0.90 and 1). 

In the first situation where the sensitivity
value of X observer is 0.90, specificity value is 0.80,
coefficients of individual agreement takes the value
of 1 in the case where the sensitivity value of Y ob-
server is 0.90, specificity value is 0.80, while it is
taking the value of 0.97 in the case where the sen-
sitivity value of Y observer is 0.80, specificity value
is 0.70. In the case where sensitivity value of Y ob-
server is 0.70 and specificity value is 0.60, a de-
crease from 0.91 to 0.88 can be observed while in
the case where sensitivity value of Y observer is
0.60 and specificity value is 0.50, a decrease from
0.82 to 0.79 can be observed. As a conclusion while
sensitivity and specificity values of Y observer is
getting decreased, a slight decrease in coefficients
of individual agreement can be observed (Table 4).

In case that sensitivity is high and specificity is
low, prevalence value gets closer to 1 ΨN value is
even bigger. On the other hand, in case that sensi-
tivity is low and specificity is high, ΨN value is de-
creased as the prevalence value increases (Figure
4). In the case where the sensitivity is 0.80 and the
specificity is 0.40, ΨN value decreases from 0.71 to
0.96 while prevalence value is getting increased
and in the case with the specificity of 0.30, it in-
creases from 0.60 to 0.96, and in the case having
specificity of 0.20, it increases from 0.47 to 0.96 and
in the case having specificity of 0.10, it increases
from 0.34 to 0.96. Despite this, in the value of ΨR,
an increase from 0.57 to 0.69, from 0.52 to 0.69,
from 0.47 to 0.69 and from 0.43 to 0.69 respectively
while the value of specificity is getting decreased.
It is expected that the acceptable level of agreement
between the observers is at least 0.80. However, it
is observed that there is no acceptable agreement
between the observers for the combination with
low value of sensitivity and specificity (Table 4,
Figure 4).

The examination of Kappa statistic it is deter-
mined that Kappa statistic gets 0 value when preva-
lence is low (ω = 0) and high (ω = 1) in all
combinations and in the first two combinations, it
increases when prevalence value is between 0-0.50,
it symmetrically decreases when the prevalence is
between 0.50-1 and gets the highest value when
the prevalence  is equal to 0.50. It is also observed
that in the third combination with low sensitivity
and high specificity, the value of Kappa statistic de-
creases (having negative value) when the preva-
lence is between 0-0.50, and it symmetrically
increases when the prevalence is between 0.50-1.
However, it is on the contrary for the other two
combinations. Additionally, it is also observed that
regardless of the prevalence value, Kappa statistic
gets 0 value in the last combination where the
specificity value of one of the observers is 0.50
(Table 4, Figure 4). Besides, in a case where there is
an excellent agreement between two observers,
Kappa statistics takes a value between 0 and 0.51,
AC1 statistics takes a value between 0.49 and 0.68.
While the sensitivity and specificity values of Y ob-
server are getting decreased, the results belonging
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FIGURE 3: Results of Scenario 1 (η1=0.30; (1−η0)=0.30).



to these statistics, a slight decrease can
be noticed. 

The examination of AC1 statistic
shows that AC1 statistic value is calcu-
lated around 0.50 when both sensitiv-
ity and specificity values of Y observer
is low, in other words, when there is
50% possibility of having correct diag-
nosis for the diseased and non-diseased
groups. In the first two combinations
with high sensitivity value, high speci-
ficity value and high sensitivity value,
low specificity value, AC1 statistic re-
sults are similar to Kappa statistics re-
sults. In the first combination where
there is a high capacity for both ob-
servers to correctly distinguish the pa-
tients and the healthy groups, AC1
value changes between 0.48-0.65 al-
though it is expected to have a high
agreement between the observers.  It is
also observed that it is not affected by
the sensitivity and specificity values
and regardless of the sensitivity and
specificity  values, it even gets the same
value when the prevalence is equal to
0.50 and it decreases when the preva-
lence is between 0-0.50 and it symmet-
rically increases when the prevalence
is between 0.50-1 (Table 4, Figure 4).

In the second case where the sen-
sitivity value of X observer is 0.40 and
specificity value is 0.30, an increase in
coefficient of individual agreement can
be observed while the sensitivity and
specificity values are getting decreased.
When sensitivity is 0.90, specificity is
0.80, ΨN value takes the value of nearly
0.60, ΨR value is 0.68-0.83, sensitivity
is 0.80, specificity is 0.70, ΨN value
takes the value of 0.72, ΨR value is 0.72-
0.86, when the sensitivity is 0.70, speci-
ficity is 0.60, ΨN value takes the value
of 0.83, ΨR value takes a value at the
range of 0.78-0.89. When the sensitiv-
ity is 0.60, specificity is 0.50, value of
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ΨN takes the value of 0.92, the
value of ΨR takes the value of 0.84-
0.92, when the sensitivity is 0.50
and specificity is 0.40, the value of
ΨN takes the value of 0.98 and the
value of ΨR takes the value of 0.91-
0.95 and when sensitivity is 0.40,
and specificity is 0.30, both coeffi-
cients of individual agreement
take the value of 1. In the case
where sensitivity is high but speci-
ficity is low, ΨN and ΨR values de-
crease while prevalence value is
accessing to 1, in the case where
sensitivity is low, specificity is
high; it increases while prevalence
is getting increased on the con-
trary. 

Until the sensitivity and
specificity values of Y observer
reach to the sensitivity and speci-
ficity values of X observer, an in-
crease is observed in coefficient of
individual agreement. Besides this,
in the combinations having equal
the sensitivity and specificity val-
ues of both observers, both coeffi-
cients take the value of 1. When
the sensitivity value of Y observer
takes the values below 0.40 and
the specificity value is below 0.30,
the value of ΨN decreases accord-
ing to 1, the value of ΨR keeps the
value of 1 (Table 5, Figure 5).

When Kappa statistics was ex-
amined, it is observed that the
prevalence decreases at the range
of 0-0.50 and it increases at the
range of 0.50-1 symmetrically and
takes negative values according to
the first two combinations in
which the sensitivity value of Y
observer and the specificity value
are high and low. In other combi-
nations in which the sensitivity is
low and the specificity is high and
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sensitivity and specificity are low and sensitivity
and specificity are low, it was observed that the
prevalence increases at the range of 0-0.50, and de-
creases at the range of 0.50-1 symmetrically and
takes positive values (Table 5, Figure 5). When
Table 4 and 5 are examined, it is observed that
kappa statistics takes positive values when the sen-
sitivity values of both observers are high/low, and
in the case in which one of the observers is
high/low and the other one is low/high, the results
of kappa statistics were found to be negative. 

When the sensitivity and specificity values of
X observer are low, the values of AC1 statistics take
the value such as at least 0.08 and at the most 0.16
no matter what the sensitivity and specificity val-
ues of Y observer. Besides, in the combination hav-
ing equal sensitivity and specificity values in both
observers, AC1 statistics takes at the range of 0.08-
0.12, while kappa statistics take the value in the
range of 0-0.04. In such a situation, these two
agreement statistics researchers give misleading re-
sults in the studies examining the agreement be-
tween the observers.  

DISCUSSION AND CONCLUSION

In Scenario 2, in the second and third combinations
with high (low) sensitivity and low (high) speci-
ficity values, it is an expected situation that in case
of a high sensitivity, the agreement coefficients in-

creases when the prevalence value increases and in
cases of low sensitivity, they decreases depending
on the increase rate of the prevalence value. In
these combinations it is observed that only the co-
efficients of individual agreement give such results
while kappa statistics and AC1 statistics have sym-
metrical results in all combinations. 

It is known by the researchers that Kappa sta-
tistic that is commonly used to measure the agree-
ment between the observers is affected by bias and
prevalence; it gets 0 value when the prevalence is
both high and low; and if there is a high bias situ-
ation, it gets higher values than the situations
where the bias is low or almost 0.7,15,17 As a result of
our study, if the prevalence is low and high, it takes
the value of 0, that the observers are affected by the
sensitivity more than specificity values in the case
in which the sensitivity value of X observer is
high/low, the sensitivity of Y observer is high/low,
the prevalence increases at the range of 0-0.50 and
decreases of 0.50-1, and in the case in which it is
equal to 0.50, it takes the highest value. In conclu-
sion, since kappa statistic is highly affected by these
concepts, it is quite difficult to correctly interpret
it without considering the prevalence indices and
bias and to get a diagnosis by clinicians. 

Although AC1 statistic takes its place in the
literature since it is not affected by the sensitivity,
specificity and prevalence values,7,19 no matter
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FIGURE 4: Results of Scenario 2 (η1=0.90; (1−η0)=0.80). FIGURE 5: Results of Scenario 2 (η1=0.40; (1−η0)=0.30).



what sensitivity, specificity and prevalence value
in our study is,  it is observed that AC1 statistic
value is not yet high while a high agreement rate is
expected between the observers in the event that
both observers have a high capacity to distinguish
the patients and the healthy group. In other words,
AC1 statistics do not precisely reflect the true
value. Therefore, the results achieved from the
agreement studies are possible to be misleading.  

At the end of this study, while observing the
agreement between the observers in reliability
studies including two observers and diagnostic test
consists of two categories such as “patients” and
“healthy”, it is suggested that the researchers
should take into account the prevalence and bias
concepts and use the coefficients of individual
agreement (CIA) since it is not affected by the sen-
sitivity, specificity and prevalence values.
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