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Kappa (κ)



• Kappa (κ)



• Goal



– origins, definition



– measure agreement between annotators (or raters) on classification tasks



• Computing kappa



– often when the classes/data have nominal values



– assumptions on annotators’ behavior – acceptable values & significance



• e.g. psychologists or students rating subjects as ‘bipolar’, ‘depressed’ or ‘normal’



– often when the ground truth is difficult to determine



• Limitations, generalizations



• hence the importance of human observers



• Applications & conclusion 3
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Kappa (κ)



Motivation



– medicine, psychology, behavioral sciences (>1950s): diagnoses



• Measuring agreement using “accuracy” or “raw agreement” (% of instances on which annotators agree) is not sufficient



• Origins of kappa



– to be corrected by considering agreement by chance – e.g., if two annotators classify instances into N classes at random, then they reach… 1/N agreement



Scott’s pi (1955), Cohen’s alpha (1960), Fleiss’ kappa (1971) Landis and Koch (1977) , Siegel and Castellan (1988)



– social sciences: content analysis (> late 1970s)



• More realistic example with two annotators



Krippendorff (1980, 2004)



– natural language processing: corpus annotation (> 1996)



– classify meeting samples as ‘constructive’ / ‘destructive’ / ‘neutral’ – observed frequencies are around 15% C, 15% D, 70% N – the two annotators agree on 70% of samples… are we happy with this annotation?



Carletta (1996), discussions > 2000



– and probably others that I am not aware of…



• not really: if they answer randomly with above frequencies
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53.5%
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How is κ computed?



Definition



• Main challenge: estimate P(E)



• “Proportion of agreement above chance” P(A) = observed agreement (as a percentage of the total number of classified instances) P(E) = agreement due to chance



κ=



• Corrected measure:



– i.e. the probability of agreeing by chance – from a limited number of annotation samples



• Based on the proportions of each category used by each annotator



P( A) − P( E ) 1 − P(E )



– two main options / two versions of κ



maximum: κ = 1, perfect agreement



• specific proportions for each annotator (Cohen 1960) • same proportion for all annotators (all the others…)



minimum: κ = -1, total contradiction



κ = 0, independence / no correlation 7



Graphical representation (1): contingency table / confusion matrix



Graphical representation (2): agreement matrix • The a priori probability is estimated from all



• The a priori probability of Coder A to… – answer ‘Cat1’ is (a+c) / total – answer ‘Cat2’ is (b+d) / total



coders’ data as



(a + c)(a + b)



(a + b + c + d ) 2



where Coder A



a+d a+b+c+d +



(b + d )(c + d ) (a + b + c + d ) 2



Cat1 Cat2 Coder B



P(E ) =



P ( A) =



P( E ) =



k



p 2j



j =1



(and conversely for Coder B)



• Hence, and
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N



nij



i =1



Number of assignments (total = n per item)



n



is the probability of each category



Cat1 a



b



a+b



Cat2 c



d



c+d



b+d



total



a+c



1 pj = N



Cat.1 Cat.2 .. j ..



Cat.k



Item 1



0



0



…



n



Item 2



0



3



…



1



Item i



0



0



nij



1



Item N



…



…



…



…



“Totals” p1



p2



pj



pk
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Graphical representation (2): agreement matrix (continued)



Differences between the two versions



• Then, the proportion of observed agreement P(A) is computed using πi , the average proportion of agreement for each item (computed over all k categories, for n annotators) πi =



• So,
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nij nij − 1 ⋅ n n −1 j =1



• “Generally small, especially when κ is high” • Despite apparently different formulae, P(A) is the same, but there is a small difference in P(E):



k



P ( A) =



1 N



N i =1



• First case: πi



, and again κ =



P( A) − P ( E ) 1 − P(E ) 11



• Second case:



k



P( E ) =



j =1



P( E ) =



k j =1



1 N



1 N



N i =1



N i =1



(



nij



nij



N i =1 nij



)− 1



Nn − 1



n 2



n 12
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Example: annotating meeting samples with ‘constructive’ / ‘destructive’ / ‘neutral’ Two annotators over 500 samples: ~ 16% C, 14% D, 70% N Coder A



C



D



N



C



D



N



Item 1



0



2



0



C



50



5



25



80



.. i ..



1



0



1



D



10



40



15



65



Item N



0



0



2



N



25



30



300



355



Totals



165



140



695



85



75



340



500



Results: P(A) = 0.78000 P(E) = 0.52985 κ = 0.53206



Coder B



Nb. of codings (n=2)



and vs. vs.



What is a good kappa value? • κ = 1 ⇔ identical annotations / κ = 0 ⇔ independence • Strictly below 1, only subjective considerations relate κ values and annotation acceptability: no general scale!



P(A) = 0.78000 P(E) = 0.52950 κ = 0.53241



• Landis and Koch 1977



Krippendorff 1980



κ 
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