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Abstract

Background: Most of the indicators used to measure IRR have limitations such as the number of raters, the number of categories, the type
of variable (nominal, ordinal, interval, ratio), and missing data. The krippendorff's Alpha coefficient is the only indicator among the IRR
indices, which, despite all the limitations, calculates the agreement among the raters with the appropriate confidence. Materials and
Methods: The study used indexed articles in Google scholar databases, Medline, Scopus, Springer, ScienceDirect, published in English
since 2000 and also the collected data from the Design projects of sound and vibration control systems in the industry that has been done in
Sari faculty of public Health. Results: In this paper, we will introduce the method of calculating binary and nominal data in the presence of
two or more raters, and in both cases the existence or absence of missing data. Conclusion: Most of the coefficients used to measure the
agreement between raters will not provide a satisfactory reliability if there are some limitations. The krippendorff's Alpha statistics can be
used as an efficient statistic in assessing the extent of agreement between evaluators replacing other statistics. Of course, it should be noted
that the calculations of this index are more complex than other indicators, but provide a higher reliability.
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which, despite all the limitations, calculates the agreement

INTRODUCTION among the raters. [®7)

The basis of decision making is based on the values measured
by the relevant experts in many applied sciences such as
health sciences, social sciences, and technical sciences, etc.
For this reason, the accuracy of the measurements is very
important. One of the important points about the measured
values is the person who performed the measurement. The
term “Reliability” is used in the researches where the
measurements were made. For example we expect to see the
same size when measuring a person's height during a day.
Seeing different sizes is a justification for using Reliability.
Reliability of measuring instruments, research subjects and
raters can be measured. There are different ways to measure

The number 1 indicates complete agreement and the number
zero indicates the least amount of agreement among the raters
in this index. Typically for a >0.823 a good agreement is
considered, acceptable at 0.667<0<0.823 and unacceptable at
a <0.667.

Based on the limitations presented and the analysis used,
there are four methods for calculating the Krippendorff’s
alpha.
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the reliability of each of the above three. These indices are
generally calculated as a coefficient and we will have a more
reliable index by increasing them. [-)

Inter-rater Reliability (IRR) is measured by a set of
coefficients. Most of the coefficients used to measure IRR
have limitations such as the number of raters, the number of
categories, the type of variable (nominal, ordinal, interval,
ratio) and missing data.

Krippendorft’s alpha coefficient is an efficient instrument for
assessing reliability among raters. The krippendorff's Alpha
coefficient is the only indicator among the IRR indices,
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1- Binary data, two raters, no missing data

2- Nominal data, two raters, no missing data

3- Nominal data, any number of raters, with missing
data

4-  Any data, any number of raters, with missing data

We describe the first three methods and we consider the
fourth stage separately because of the workload in this study.

MATERIALS AND METHODS

This study is a kind of review study conducted in 2018. The
study used indexed articles in Google scholar databases,
Medline, Scopus, Springer, ScienceDirect, published in
English since 2000 and also the collected data from the
Design projects of sound and vibration control systems in the
industry. Missing data, Krippendorff’s alpha, Inter-rater
Reliability, Nominal data.

ResuLTs
In this section, we get to know the Krippendorff’s alpha
calculations in three modes. For further understanding each
section is followed by an example.
a) Calculation of Krippendorff’s alpha for binary data,
two raters, no missing data

Two students were asked to comment on the usefulness of
general courses offered at the university. In the first step, we
build the Reliability data Matrix based on the raters and units
under investigation.

Table 1. General Course Poll Information

courses
1 2 4 7
students 3 5 6 8
First student 0 1 0o 0 0o 0 0 1
Second student 0 1 0 1 1 0o 0 1

In the second step, we form Coincidences Matrix based on
this matrix. Coincidences Matrix is a square matrix that it’s
rows and columns hold the Diagnostic variable values (the
values of 1 and O in this example). The elements within this
matrix are pairs formed by the recognition of two raters , due
to the values given in this example, it is possible to see four
pairs (0 and 0) and (0 and 1) and (1 and 0) and (1 and 1). It
should be noted that two pairs can be formed for each unit.

For example, for the first unit two pairs (1 and 0) and (0 and
1) can be formed. In fact, the Coincidences Matrix shows the
number of pairs formed .

0 1
0 8 2 10
1 2 4 6
10 6 16
Number of (0,0) pairs Opo=8
Units 1,3,6,7 each form two pairs (0 and 0)
Number of (1,1) pairs 0,,=4
Number of (0,1) pairs Op1=2
Number of (1,0) pairs 010=2

The number of times that the diagnostic variable detected
zero by two raters, in the total 16 times. ny =10

The number of times that the diagnostic variable detected one
by two raters, in the total 16 times. n,==6

The total number of pairs formed n=2N

The elements of the main diameter indicates the extent of
agreement and the Elements that are symmetrically on both

sides of the main diameter shows the extent of disagreement
between raters.

observed disagreement 001
=1-(n—-1)

X=

expected disagreement ng *n,

2
K—l—(16—1)m—0.5

b) Calculation of Krippendorff’s Alpha for Nominal
data, two raters, No missing data

Two physicians asked to prioritize 10 patients referred to the
emergency department. The two doctors categorized patients
into three categories. After detection, we form the reliability
data matrix.

Table 2. Prioritizing Emergency Patients Information

Patients
1 2 7 1
raters 3 5 6 8 9 0
First physician A B B A B C C A
Second physician A A B A B B C A A

Based on this matrix, we form the Coincidences Matrix.
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A B C
Ale 2 o0 |8
B|2 4 2 |8
c|l0 2 2 |a

8 8 4 20

As stated earlier, the elements of the main diameter indicates

the extent of agreement and the Elements that are
symmetrically on both sides of the main diameter shows the
extent of disagreement between raters.

n,=8,n,=8,n3=4 ,n=2N =20

The value of Krippendorff’s alpha in this case is calculated
using the following formula -

observed disagreement
xX=

B expected disagreement
_ (n—1) %04 —Xini(n; — 1)
nn—1) - Y¥;n(n;—1)

_(20-1)(6+4+2)—(8*7+8%7+4+3)
T 20%(20—1)— (8% 7+8%7+4%3)

x= 0.406

¢) Calculation of Krippendorff’s alpha for nominal
data, any number of raters , with missing data

We asked 4 students to identify sound at six points in a
vocational training center in one study. We see below the
reliability data matrix of this study. m, is the number of
diagnoses recorded for the unit U in this table. For example,
only three raters stated their opinion for the first unit and one
rater has not commented on what we consider to be missing
therefore m; = 3.

Table 3. Six-point sound measurement information at a vocational training center

Points

1 2 3 4 5 6
Raters

First student 0 2 3 1 2 3
Second student 1 2 2 1 2 0
Third student 1 2 2 1 0 3
Fourth student 1 3 2 1 2 3
m,, 3 4 4 4 3 3

The elements of Coincidences Matrix are then calculated as
in the previous states except that after we obtain each element
from the matrix (0;;), we divide it into m,,-1.

Number of i,j pairs in unitu
ij =

mi—l

Accordingly, the Coincidences Matrix will be visible as we
can see below.

22

The calculation of Krippendorff’s alpha in this case is based
on the previous formula 8- 1%

observed disagreement  (n —1) ¥; 05 — X;n;(n; — 1)

*x=1- expected disagreement  n(n—1) — X;n;(n; — 1)
_(22-1D)(9+6+3)—(9%8+8%7+5x4)
T 22%(22-1)—(9%84+8%7+5%4)
x= 0.79
DiscussioN

Choosing the appropriate method to assess Inter-raters
Reliability requires awareness of the limitations of the
research. These limitations include the number of raters, the
type of data, the missing data, the accuracy required (For
example, if the wrong decision is made, there will be no
danger to public health or financial cost) etc. Most of the
coefficients used to measure agreement among raters do not
provide a good reliability despite these limitations. [!1-13!

The Krippendorff’s alpha coefficient is the only index among
the IRR indices that calculates the extent of agreement
between the raters with acceptable reliability despite all
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limitations. Table 4 clearly shows the strengths of this index
compared to other IRR indices [ 131,

Percentage of agreement is widely used in such cases as the
first indicator. But this index has the least flexibility,
considering only nominal data and It’s not useful in the

presence of missing data. Also, there is no fixed and specific
value among the IRR indices for delineating the amount of
acceptable agreement !4 16171,

Table 4. Comparison of IRR indices in presence of research limitations

The effect of ‘chance’ in General agreement

IRR Data ME)S:tigg 0';‘%2?;; agreement is on the significance

minimized? of a numeric result?
Percent Agreement Nominal No 2 No No
Bennett et asks Nominal No 2 No * No
Scott’s p; Nominal No 2> No * No
Fleiss’s Kappa Nominal No 2> No * No
Cohen’s Kappa Nominal No 2> No * No
Gwet Nominal Yes 2> No * No
Weighted Kappa Nominal No 2 No * No

Krippendorff’s Alpha All Data Yes 2> Yes Yes **

** Krippendorff’s Alpha considers 0.823 as the cut point.

Cohen’s Kappa is another controversial statistic to be very
cautious about when using it. Prevalence, odds, raters
independence, and impact on diagnosis and some other
factors can strongly influence the results of Kappa statistics.
Cohen’s Kappa statistic provides acceptable reliability when
conditions are met but If these conditions are not met, the
Kappa statistics are severely affected therefore there is a
widespread disagreement over the use of Kappa statistics for
final evaluation. Researchers find the use of kappa statistics
more appropriate to assess the independence of raters except
where they are confident of the correctness of the
requirements !4,

Scott’s p; statistic is a coefficient for nominal data with two
raters that calculates agreement despite some limitations but
When the data is nominal and we have two evaluators, the
Krippendorff’s alpha formula changes to the Scott’s p;
formula & 141,

Also, Fleiss’s Kappa statistic, which is the generalized form
of Cohen's kappa to more than two raters, exhibits some
incompatibility in obtaining observation ratios by pair
counting in the small samples. In this case, Krippendorff’s
alpha can be used instead of Fleiss’s Kappa. Interestingly, the
Krippendorff’s Alpha is rarely used in place of Fleiss’s
Kappa, especially in medical researches While Krippendorff
has widely discussed the advantages and disadvantages of
this work 721, The ICC is in fact a special case of
Krippendorff’s alpha as a coefficient of agreement ['*. As you
can see, the Krippendorff’s alpha statistic can be an efficient
statistic to replace other statistics in measuring the extent of
agreement between raters. It should be noted that the

computation of this index is more complex than the other
indices, but it offers higher reliability, especially in cases
where there are no perfect conditions for research 14,
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