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THE USE OF KAPPA STATISTIC METHOD IN 

CERVICAL CYTOLOGY 
 

Abstract: This investigation examines the use of kappa 

statistic method in cervical cytology as a measure of 

agreement between observers that can sometimes agree or 

disagree simply by chance. Two pathologists were involved in 

this study as a part of intralaboratory quality control and 

intraobserver reproducibility was calculated in both 

unweighted and weighted forms of kappa. Each pathologist 

evaluated 51 cervical specimen and ratings were made in 

nominal and ordinal scales. Obtained kappa values from both 

pathologists showed significant (from 0.72 to 0.77) and 

almost perfect agreement (from 0.82 to 1.00) for detection of 

normal cellular changes and epithelial cell abnormalities 

indicating high observer diagnostic reproducibility. This 

method allows assessment of the diagnostic quality of a 

cervical cytology laboratory and an independent evaluation of 

the cytologists’ performance, suggesting appropriate 

educational interventions. 

Keywords: Kappa statistic; Quality control; Cervical 

cytology; Intraobserver reproducibility 
 

1. INTRODUCTION  
 

Cytodiagnosis of cervical smears with 

regular screening using the Papanicolaou test is 

a very important method in the prevention of 

cervical cancer which significantly contributed 

to a decrease in mortality rate ([1],[2]). Quality 

standards must be maintained in the 

cytodiagnostic laboratory in order to provide 

efficient cervical cancer screening service ([3], 

[4]). The quality of the Papanicolaou test in the 

cytodiagnostic laboratory depends on 

subsequent steps: adequate handling and 

staining of the sample, screening and 

interpretation of the slides and reporting of the 

results, as the final step of assuring accuracy 

[5]. Because the microscopic examination and 

interpretation of cytological specimens is a 

subjective procedure, it is highly dependent on 

the skills and experience of the investigator and 

the time spent on examination of the 

cells/samples [6]. The most important 

measurements in cytology are accuracy and 

reproducibility of reporting. Accuracy can be 

defined as the level of agreement between the 

diagnoses offered by the laboratory and the 

gold standard and it is measured by the 

evaluation of sensitivity (ability to identify true 

positives) and specificity (ability to identify 

true negatives), [7]. Reproducibility represents 

the level of agreement between repeated 

measurements of the same cytological sample 

and it can be defined as intraobserver 

variability (the same cytologist can produce 

different reports for the same cytological 

sample at different times) and interobserver 

variability (agreement of different observers 

reporting on the same samples), [8].  

The agreement between two observers can 

be calculated through overall percentage of 

agreement (calculated over all paired ratings) or 

effective percentage of agreement (calculated 

over those paired ratings, where at least one 

clinician diagnoses presence of disease), [9]. 

Although these calculations provide a measure 

of agreement, neither of them takes into 

account the agreement that would be expected 

purely by chance. In order to surpass these 

disantvantages, kappa statistic method is often 

used for determination of true agreement, 

which also includes the agreement expected by 

chance [10].  

Kappa statistics was first presented by 

Jacob Cohen, as a method for measuring the 

degree of agreement over and above that which 

would be expected by chance alone. Indeed, 

kappa method is a quantitative measure of the 

magnitude of agreement between observers and 

it is calculated as the observed agreement 
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beyond chance divided by the maximum 

agreement beyond chance that is possible for 

that set of specimens ([10],[11]): 

 

k = (observer agreement – chance 

agreement)/(1 - chance agreement) 

 

In medicine, kappa method is used to 

determine the agreement between ratings made 

by two or more clinicians (interobserver 

reproducibility) and agreement between ratings 

made by the same clinician on two or more 

occasions (intraobserver reproducibility), [12]. 

There are many forms of kappa. When the 

diagnoses are set on a nominal scale, the 

unweighted kappa method is used. On the other 

hand, when diagnostic categories are valued in 

an ordinal fashion, from least to most severe, 

then weighted kappa method is conducted. In 

cytology, when unweighted analysis is 

performed, a diagnostic disagreement of normal 

and high squamous intraepithelilal lesion 

(HSIL) is treated in the same way as a 

diagnostic disagreement of normal and low 

squamous intraepithelilal lesion (LSIL). When 

weighted kappa analysis is used, some 

disagreements are more serious than others and 

this is adjusted to ensure that larger differences 

in a ranked grading scheme will have a stronger 

influence on the final kappa value. In weighted 

kappa calculation, it is allowed to count 

samples as partial agreement if they differed by 

only one category. Weighted kappa accounts 

for severity of discordance expressed as an 

index of agreement in which weights are 

maximal for exact agreement and minimal for 

extreme disagreement ([13],[14]). 

The purpose of this paper is to determine 

the diagnostic reproducibility of pathologists on 

detection of negative changes for intraepithelial 

lesion or malignancy and epithelial cell 

abnormalities, using the kappa statistic method.  

 

 

2. MATERIALS AND METHODS  
 

During the period from 2013 to 2014, we 

reviewed a set of 102 cases of cervical smears 

having different morphological features (e.g. 

negative, dysplastic, neoplastic) in order to 

assess the internal quality of our laboratory. 

Cytological smears were previously analyzed 

during the regular screening and routine clinical 

data on patients were provided for the internal 

quality control. The present study was 

performed during the last quarter of 2013 and 

the first two quarters of 2014 in the diagnostic 

laboratory for cytology and histology 

“CYTOLAB” in Kumanovo, Macedonia, by 

two pathologists with extensive experience in 

cytopathology. Reproducibility was evaluated 

by calculating agreement between ratings made 

by the same pathologist on two occasions: 

regular screening and internal quality control 

(intraobserver agreement). Cytological reports 

were classified into five groups: negative for 

intraepithelial lesion and malignancy (NILM), 

atypical squamous cells of undetermined 

significance (ASCUS), LSIL, HSIL and 

squamous cell carcinoma (SCC). In this article, 

cellular changes associated with inflammation, 

reactive and regenerative processes were 

classified as negative, HPV (human papilloma 

virus) cervicitis and CIN I (cervical 

intraepithelial neoplasia) were combined into 

the category LSIL, while CIN II, CIN III and 

CIS (carcinoma in situ) were categorized as 

HSIL. The intraobserver agreement was 

evaluated by applying unweighted and 

weighted forms of kappa. Kappa values were 

interpreted using categories defined by [15]. 

In unweighted form of kappa the data for 

ratings on a 2-category nominal scale [presence 

(I, i) or absence (J, j) of a particular diagnosis] 

were displayed in 2x2 tables (Table 1). 

 

Table 1. 2x2 Tables for classification of 

cytological reportsа 

 Regular 

screening 
 

I J  

Internal 

control 

i a b g1 

j c d g2 

Total f1 f2 n 
аI,i – presence of a particular diagnosis; J,j – 

absence of a particular diagnosis; а, d – number 

of smears where pathologists agree for the 

diagnosis; b, c – number of smears where 

pathologists disagree for the diagnosis; f1, f2, 

g1, g2 – marginal totals; n – total number of 

analyzed smears. 
 

Observed proportion of agreement (Po), 

expected proportion of agreement (Pe) and 

unweighted kappa value (k) were calculated 

according to the formulas proposed by Cohen 

(1960). Po was evaluated by dividing the sum 

of the frequencies in the main diagonal cells 

(cells a and d) with the total number of 
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analyzed samples (n), as shown in the 

following formula: 

 

Po = (a + d)/n 

 

The frequency of chance agreement for 

presence or absence of a particular diagnosis 

was calculated by multiplying the marginal 

totals corresponding to each cell on the main 

diagonal and dividing by n. Pe was evaluated 

by summing across chance agreement in these 

cells and dividing by n, as shown in the 

following formula: . 

 

Pe = (f1xg1/n)+(f2xg2/n)/n 

 

The calucation of the kappa value was 

performed according to the following formula: 

 

k = Po-Pe/1-Pe 

 

In weighted form of kappa, the diagnostic 

categories were valued in an ordinal fashion, 

from least to most severe. The data for the 

ratings from each pathologist were displayed in 

5x5 tables (Table 2) and a weight was 

introduced for each pair of diagnostic 

categories. 

 

 

Table 2. 5x5 Tables for classification of cytological reportsa 

 Regular screening  

In
tern

al co
n

tro
l 

Diagnosis NILМ ASCUS LSIL HSIL SCC  

NILМ      g1 

ASCUS      g2 

LSIL      g3 

HSIL      g4 

SCC      g5 

 f1 f2 f3 f4 f5 n 
аNILM – negative for intraepithelial lesion and malignancy; ASCUS – atypical squamous cells of 

undetermined significance; LSIL – low squamous intraepithelilal lesion; HSIL – high squamous 

intraepithelilal lesion; SCC – squamous cell carcinoma; f1, f2, f3, f4, f5, g1, g2, g3, g4, g5 – marginal 

totals; n – total number of analyzed smears 

 

In this study, a linear weighting scheme 

was used, with value 1 for complete agreement 

and value 0 for complete disagreement (Table 

3). 

 

Table 3. Linear weights (w) for weighted kappaa 

 w (NILM) w (ASCUS) w (LSIL) w (HSIL) w (SCC) 

w (NILM) 1 0.75 0.50 0.25 0 

w (ASCUS) 0.75 1 0.75 0.50 0.25 

w (LSIL) 0.50 0.75 1 0.75 0.50 

w (HSIL) 0.25 0.50 0.75 1 0.75 

w (SCC) 0 0.25 0.50 0.75 1 
аNILM – negative for intraepithelial lesion and malignancy; ASCUS – atypical squamous cells of 

undetermined significance; LSIL – low squamous intraepithelilal lesion; HSIL – high squamous 

intraepithelilal lesion; SCC – squamous cell carcinoma; 

 

Weighted kappa value was calculated 

according to the following formula: 

 

k(w) = Po(w)-Pe(w)/1-Pe(w), 
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where Po(w) is weighted proportion of 

observed agreement and Pe(w) is weighted 

proportion of agreement expected by chance. 

Weighted proportion of observed 

agreement and weighted proportion of 

agreement expected by chance were calculated 

by: 

Po(w) = ∑Po(ij) x w(ij) 

Pe(w) = ∑Pe(ij) x w(ij), 

 

where i is a diagnostic category for assigned 

samples from regular screening, j is a 

diagnostic category for assigned samples from 

internal quality control, Po(ij) is a proportion of 

observed number of samples assigned to 

category i from regular screening and category j 

from internal control, Pe(ij) is a proportion of 

expected number of samples assigned to 

category i from regular screening and category j 

from internal control and w(ij) is a weight 

assigned to the corresponding categories (i,j). 

The expected number of samples was 

calculated by multiplying the marginal totals 

(f1, f2, f3, f4, f5, g1, g2, g3, g4, g5) and 

dividing them by the total number of analyzed 

samples (n). Po(ij) and Pe(ij) were calculated 

by dividing the observed and expected number 

of samples with the total number of analyzed 

samples (n), respectively. 

The agreement from the calculated kappa 

value was interpreted according to the 

categories defined by Landis and Koch (1977), 

as shown in Table 4. 

 

Table 4. Categories for interpretation of kappa 

values according to Lаndis and Koch (1977). 

Kappa value 
Degree of agreement beyond 

chance 

0 None beyond chance 

0 – 0.2 Slight 

0.2 – 0.4 Fair 

0.4 – 0.6 Moderate 

0.6 – 0.8 Substantial 

0.8 – 1 Almost perfect 

 

 

3. RESULTS AND DISCUSSION 
 

Quality standards must be maintained in 

cytodiagnostic laboratories in order to minimize 

the risk of errors in processing, analysis and 

interpretation of cervical smears. Diagnoses in 

cytology are the result of evaluation and 

interpretation and they are not expressed in 

quantitative, but in qualitative or rarely in semi-

quantitative terms. In our laboratory, the quality 

of cervical cytodiagnosis is regularly monitored 

through various procedures: cytohistological 

correlation, re-screening of past Pap smears 

from the same patient with positive results, 

participation in interlaboratory quality control 

programs, sensitivity, positive predictive value 

and diagnostic reproducibility. Reproducibility 

measures the precision of pathologist reporting 

and is calculated by kappa statistic method. 

The main purpose of this article was 

focused on applying unweighted and weighted 

forms of kappa in order to evaluate diagnostic 

reproducibility, as key objective of good 

performance in cytodiagnostic laboratory. 

Unweighted and weighted kappa values were 

calculated for intraobserver agreement of each 

pathologist during a period of nine months 

(three quarters). Interpretation of kappa values 

was performed using categories defined by 

Landis and Koch [15]. Intraobserver variability 

was evaluated for two pathologists, who 

analyzed 51 cytological smears.  

During regular screening of cytological 

smears by pathologist 1, 14 smears were 

classified in the category NILM, 10 in category 

ASCUS, 13 in LSIL, 9 in HSIL and 5 were 

classified as cancer. During internal control and 

re-analysis of cytological smears, 16 

cytological smears were classified in category 

NILM, 9 in category ASCUS, 12 were 

classified as LSIL, 9 as HSIL and 5 were 

categorized as cancer. During regular screening 

by a pathologist 2, 13 cytological smears were 

placed in category NILM, 11 were classified as 

ASCUS, 13 as LSIL, 9 as HSIL and 5 were 

categorized as cancer. During internal control 

in the laboratory, 17 smears were negative, 9 

were classified as ASCUS, 12 as LSIL, 8 as 

HSIL and 5 were placed in the category of 

cancer.  

Intraobserver reproducibility of both 

pathologists was evaluated by weighted and 

unweighted forms of kappa and calculated 

kappa values are shown in Table 5 and Table 6, 

respectively. Graphic interpretation of the 

results obtained by pathologist 1 and 

pathologist 2 is shown on Figure 1 and Figure 

2, respectively.  
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Table 5 - Obtained weighted kappa values 

Period 
Pathologist 

1 

Pathologist 

2 

IV quarter, 

2013 
1.00 0.92 

I quarter, 

2014 
0.96 0.92 

II quarter, 

2014 
0.92 0.89 

 

Table 6 - Obtained unweighted kappa values 

Diagnostic 

category 
Period 

Pathologist 

1 

Pathologist 

2 

NILM 

IV quarter, 

2013 
1.00 0.85 

I quarter, 

2014 
0.87 0.87 

II quarter, 

2014 
0.87 0.72 

ASCUS 

IV quarter, 

2013 
1.00 0.82 

I quarter, 

2014 
0.77 1.00 

II quarter, 

2014 
1.00 0.82 

LSIL 

IV quarter, 

2013 
1.00 0.85 

I quarter, 

2014 
1.00 0.85 

II quarter, 

2014 
0.82 0.82 

HSIL 

IV quarter, 

2013 
1.00 0.77 

I quarter, 

2014 
1.00 1.00 

II quarter, 

2014 
1.00 1.00 

SCC 

IV quarter, 

2013 
1.00 1.00 

I quarter, 

2014 
1.00 1.00 

II quarter, 

2014 
1.00 1.00 

 

Obtained results from weighted kappa for 

pathologist 1 displayed high kappa values 

(from 0.92 to 1.00) and almost perfect 

agreement in reporting the cervical smears 

(Table 5; Figure 1a). According to unweighted 

kappa values for reporting of NILM, LSIL, 

HSIL and SCC, pathologist 1 showed almost 

perfect agreement during the entire period of 

the study (Table 6; Figure 1b,d,e,f). 

Interpretation of cytological smears with 

ASCUS showed significant agreement 

(k=0.77), but only in the first quarter of 2014. 

In the rest of the studied period, the 

intraobserver agreement for ASCUS was 

almost perfect (Table 6; Figure 1c). 

Weighted kappa values for pathologist 2 

were also high (from 0.89 to 0.92) and they 

showed almost perfect agreement for 

cytodiagnosis during all three quarters of the 

study (Table 5; Figure 2a). According to 

calculated values for each diagnostic category, 

almost perfect agreement was observed for the 

interpretation of ASCUS, LSIL and SCC (Table 

6; Figure 2 c,d,f). Unweighted kappa values for 

pathologist 2 displayed significant agreement 

only for the interpretation of NILM (k=0.72) in 

the II quarter of 2014 and interpretation of 

HSIL (k=0.77) in the IV quarter of 2013. In the 

remaining period of the study unweighted 

kappa values for these diagnostic categories 

showed almost perfect agreement (Table 6; 

Figure 2b,e). 

According to the obtained results, both 

pathologist displayed significant (from 0.72 to 

0.77) and almost perfect agreement (from 0.82 

to 1.00) for detection of normal cellular 

changes and epithelial cell abnormalities 

indicating high observer diagnostic 

reproducibility. This reflects well upon the 

experience of the gynecologic pathologists in 

this study.  

Cohen’ kappa value [10] was first 

introduced as a coefficient of interobserver 

agreement for nominal scales, which takes 

chance agreement into account. In this article, 

Cohen proposed k=1 for complete agreement, 

while k=0 for complete dissagreement. Cocchi 

et al. [16], have shown that kappa method is 

efficient tool for evaluation of intercytologist 

diagnostic reproducibility concerning 

intralaboratory quality control. In this study, 

intercytologist reproducibility was determined 

between 15 cytopathologists, with respect to 

sample adequacy, epithelial cell abnormalities, 

and presence of cellular changes associated 

with HPV. Kappa method has also been used 

by McCluggage et al. [14] for calculation of 

inter and intraobserver variation in the 

histopathological reporting of colposcopic 

biopsies using a histologic modification of the 

cytological Bethesda grading system. Chhieng 

et al. [17] have examined the inter-observer 

variability between the ThinPrep method and 

the conventional method for reporting the 
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diagnoses of gynecologic cytology. Kappa 

statistic method has also been used by 

Confortini et al. [18] by measuring the inter-

laboratory reproducibility in liquid – based 

cytology. Within a multicentre controlled trial 

framework, an external quality control was 

scheduled and kappa values were obtained from 

the comparison between individual laboratory 

diagnoses and majority diagnoses with target 

diagnoses.  

 

а) weighted kappa  b) NILM unweighted kappa 

c) ASCUS unweighted kappa d) LSIL unweighted kappa 

e) HSIL unweighted kappa  
f) SCC unweighted kappa  

 

Figure 1 - Weighted kappa (a) and unweighted kappa (b,c,d,e,f) values for pathologist 1
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а) weighted kappa  b) NILM unweighted kappa 

c) ASCUS unweighted kappa 

 

d) LSIL unweighted kappa 

 

e) HSIL unweighted kappa  

 

f) SCC unweighted kappa  

 

Figure 2 - Weighted kappa (a) and unweighted kappa (b,c,d,e,f) values for pathologist 2 

 

According to the present results and 

previous studies, we believe that kappa statistic 

method will be commonly used statistical tool 

in cytopathology and other fields of medicine 

allowing a global assessment of the diagnostic 

quality of a cervical cytology laboratory and an 

independent evaluation of the cytologists’ 

performance, suggesting appropriate 

educational interventions. 

 

 

5. CONCLUSION 

 
Кappa statistic method is an efficient 

model for evaluation of intraobserver 

variability.  

Unweighted kappa method is used if the 

diagnoses are set on a nominal scale. 

Weighted kappa method is used if the 

diagnoses are set in ordinal fashion, from least 

to most severe. 

The kappa statistic method evaluates the 

true agreement between observers, including 

the agreement expected by chance. 
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