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magine that you’re a busy family physician and that
you’ve found a rare free moment to scan the recent literature. Reviewing your preferred digest of abstracts,
you notice a study comparing emergency physicians’ interpretation of chest radiographs with radiologists’ interpretations.1 The article catches your eye because you have frequently found that your own reading of a radiograph differs
from both the official radiologist reading and an unofficial
reading by a different radiologist, and you’ve wondered
about the extent of this disagreement and its implications.
Looking at the abstract, you find that the authors have reported the extent of agreement using the κ statistic. You recall
that κ stands for “kappa” and that you have encountered this
measure of agreement before, but your grasp of its meaning
remains tentative. You therefore choose to take a quick glance
at the authors’ conclusions as reported in the abstract and to
defer downloading and reviewing the full text of the article.
Practitioners, such as the family physician just described,
may benefit from understanding measures of observer variability. For many studies in the medical literature, clinician
readers will be interested in the extent of agreement among
multiple observers. For example, do the investigators in a
clinical study agree on the presence or absence of physical,
radiographic or laboratory findings? Do investigators involved in a systematic overview agree on the validity of an
article, or on whether the article should be included in the
analysis? In perusing these types of studies, where investigators are interested in quantifying agreement, clinicians
will often come across the kappa statistic.
In this article we present tips aimed at helping clinical
learners to use the concepts of kappa when applying diagnostic tests in practice. The tips presented here have been
adapted from approaches developed by educators experienced in teaching evidence-based medicine skills to clinicians.2 A related article, intended for people who teach
these concepts to clinicians, is available online at www.
cmaj.ca/cgi/content/full/171/11/1369/DC1.

Clinician learners’ objectives
Defining the importance of kappa
• Understand the difference between measuring agreement and measuring agreement beyond chance.
• Understand the implications of different values of kappa.

Calculating kappa
• Understand the basics of how the kappa score is
calculated.
• Understand the importance of “chance agreement” in
estimating kappa.

Calculating chance agreement
• Understand how to calculate the kappa score given different distributions of positive and negative results.
• Understand that the more extreme the distributions of
positive and negative results, the greater the agreement
that will occur by chance alone.
• Understand how to calculate chance agreement, agreement beyond chance and kappa for any set of assessments by 2 observers.

Tip 1: Defining the importance of kappa
A common stumbling block for clinicians is the basic
concept of agreement beyond chance and, in turn, the importance of correcting for chance agreement. People making a decision on the basis of presence or absence of an element of the physical examination, such as Murphy’s sign,
will sometimes agree simply by chance. The kappa statistic
corrects for this chance agreement and tells us how much
of the possible agreement over and above chance the reviewers have achieved.
A simple example should help to clarify the importance
of correcting for chance agreement. Two radiologists independently read the same 100 mammograms. Reader 1 is
having a bad day and reads all the films as negative without looking at them in great detail. Reader 2 reads the

Teachers of evidence-based medicine:
See the “Tips for teachers” version of this article online
at www.cmaj.ca/cgi/content/full/171/11/1369/DC1. It
contains the exercises found in this article in fill-in-theblank format, commentaries from the authors on the
challenges they encounter when teaching these concepts
to clinician learners and links to useful online resources.
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films more carefully and identifies 4 of the 100 mammograms as positive (suspicious for malignancy). How would
you characterize the level of agreement between these 2
radiologists?
The percent agreement between them is 96%, even
though one of the readers has, on cursory review, decided
to call all of the results negative. Hence, measuring the
simple percent agreement overestimates the degree of clinically important agreement in a fashion that is misleading.
The role of kappa is to indicate how much the 2 observers
agree beyond the level of agreement that could be expected
by chance. Table 1 presents a rating system that is commonly used as a guideline for evaluating kappa scores.
Purely to illustrate the range of kappa scores that readers
can expect to encounter, Table 2 gives some examples of
commonly reported assessments and the kappa scores that
resulted when investigators studied their reproducibility.

The bottom line
If clinicians neglect the possibility of chance agreement,
they will come to misleading conclusions about the reproducibility of clinical tests. The kappa statistic allows us to
measure agreement above and beyond that expected by
chance alone. Examples of kappa scores for frequently ordered tests sometimes show surprisingly poor levels of
agreement beyond chance.
Table 1: Qualitative classification
of kappa values as degree of
3
agreement beyond chance
Kappa
value

Degree of agreement
beyond chance

0
0–0.2
0.2–0.4
0.4–0.6
0.6–0.8
0.8–1.0

None
Slight
Fair
Moderate
Substantial
Almost perfect

Kappa value

Interpretation of T wave changes on an exercise
stress test4
Presence of jugular venous distension5
Detection of alcohol dependence using CAGE
questionnaire6
Presence of goitre7
Bone marrow interpretation by hematologist8
Straight leg raising test9
Diagnosis of pulmonary embolus by helical CT10
Diagnosis of lower extremity arterial disease by
arteriography11
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What is the maximum potential for agreement between 2 observers doing a clinical assessment, such as
presence or absence of Murphy’s sign in patients with
abdominal pain? In Fig. 1, the upper horizontal bar represents 100% agreement between 2 observers. For the hypothetical situation represented in the figure, the estimated chance agreement between the 2 observers is 50%.
This would occur if, for example, each of the 2 observers
randomly called half of the assessments positive. Given
this information, what is the possible agreement beyond
chance?
The vertical line in Fig. 1 intersects the horizontal bars
at the 50% point that we identified as the expected agreement by chance. All agreement to the right of this line corresponds to agreement beyond chance. Hence the maximum agreement beyond chance is 50% (100% – 50%).
The other number you need to calculate the kappa score
is the degree of agreement beyond chance. The observed
agreement, as shown by the lower horizontal bar in Fig. 1,
is 75%, so the degree of agreement beyond chance is 25%
(75% – 50%).
Kappa is calculated as the observed agreement beyond
chance (25%) divided by the maximum agreement beyond
chance (50%); here, kappa is 0.50.

Agreement expected
by chance

Table 2: Representative kappa values for common tests
and clinical assessments
Assessment

Tip 2: Calculating kappa

0.25
0.56
0.75
0.82–0.95
0.84
0.82
0.82
0.39–0.64
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50%

Observed agreement:
Observed agreement above chance:

Possible agreement
above chance

75%
25%

kappa = 25/50 = 0. 5 (moderate agreement)

Fig. 1: Two observers independently assess the presence or
absence of a finding or outcome. Each observer determines
that the finding is present in exactly 50% of the subjects. Their
assessments agree in 75% of the cases. The yellow horizontal
bar represents potential agreement (100%), and the turquoise
bar represents actual agreement. The portion of each coloured
bar that lies to the left of the dotted vertical line represents the
agreement expected by chance (50%). The observed agreement above chance is half of the possible agreement above
chance. The ratio of these 2 numbers is the kappa score.
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The bottom line
Kappa allows us to measure agreement above and beyond that expected by chance alone. We calculate kappa by
estimating the chance agreement and then comparing the
observed agreement beyond chance with the maximum
possible agreement beyond chance.

Tip 3: Calculating chance agreement
A conceptual understanding of kappa may still leave the
actual calculations a mystery. The following example is intended for those who desire a more complete understanding of the kappa statistic.
Let us assume that 2 hopeless clinicians are assessing the
presence of Murphy’s sign in a group of patients. They
have no idea what they are doing, and their evaluations are
no better than blind guesses. Let us say they are each
guessing the presence and absence of Murphy’s sign in a
50:50 ratio: half the time they guess that Murphy’s sign is
present, and the other half that it is absent. If you were
completing a 2 × 2 table, with these 2 clinicians evaluating
the same 100 patients, how would the cells, on average, get
filled in?
Fig. 2 represents the completed 2 × 2 table. Guessing at
random, the 2 hopeless clinicians have agreed on the assessments of 50% of the patients. How did we arrive at the
numbers shown in the table? According to the laws of
chance, each clinician guesses that half of the 50 patients
assessed as positive by the other clinician (i.e., 25 patients)
have Murphy’s sign.
How would this exercise work if the same 2 hopeless
clinicians were to randomly guess that 60% of the patients
had a positive result for Murphy’s sign? Fig. 3 provides the
answer in this situation. The clinicians would agree for 52
of the 100 patients (or 52% of the time) and would disagree
for 48 of the patients. In a similar way, using 2 × 2 tables
for higher and higher positive proportions (i.e., how often

the observer makes the diagnosis), you can figure out how
often the observers will, on average, agree by chance alone
(as delineated in Table 3).
At this point, we have demonstrated 2 things. First, even
if the reviewers have no idea what they are doing, there will
be substantial agreement by chance alone. Second, the
magnitude of the agreement by chance increases as the
proportion of positive (or negative) assessments increases.
But how can we calculate kappa when the clinicians
whose assessments are being compared are no longer
“hopeless,” in other words, when their assessments reflect a
level of expertise that one might actually encounter in practice? It’s not very hard.
Let’s take a simple example, returning to the premise
that each of the 2 clinicians assesses Murphy’s sign as being present in 50% of the patients. Here, we assume that
the 2 clinicians now have some knowledge of Murphy’s
sign and their assessments are no longer random. Each
decides that 50% of the patients have Murphy’s sign and
50% do not, but they still don’t agree on every patient.
Rather, for 40 patients they agree that Murphy’s sign is
present, and for 40 patients they agree that Murphy’s sign
is absent. Thus, they agree on the diagnosis for 80% of
the patients, and they disagree for 20% of the patients
(see Fig. 4A). How do we calculate the kappa score in this
situation?
Recall that if each clinician found that 50% of the patients
had Murphy’s sign but their decision about the presence of
the sign in each patient was random, the clinicians would be
in agreement 50% of the time, each cell of the 2 × 2 table
would have 25 patients (as shown in Fig. 2), chance agree-

Clinician 1

Clinician 2

Clinician 1

Clinician 2

Sign
present
Sign
absent
Total

Sign
present
Sign
absent
Total

Sign
present

Sign
absent

Total

25

25

50

25

25

50

50

50

Fig. 2: Agreement table for 2 hopeless clinicians who randomly
guess whether Murphy’s sign is present or absent in 100 patients with abdominal pain. Each clinician determines that half
of the patients have a positive result. The numbers in each box
reflect the number of patients in each agreement category.

Sign
present

Sign
absent

Total

36

24

60

24

16

40

60

40

Fig. 3: As in Fig. 2, the 2 clinicians again guess at random
whether Murphy’s sign is present or absent. However, each
clinician now guesses that the sign is present in 60 of the 100
patients. Under these circumstances, of the 60 patients for
whom clinician 1 guesses that the sign is present, clinician 2
guesses that it is present in 60%; 60% of 60 is 36 patients. Of
the 60 patients for whom clinician 1 guesses that the sign is
present, clinician 2 guesses that it is absent in 40%; 40% of 60
is 24 patients. Of the 40 patients for whom clinician 1 guesses
that the sign is absent, clinician 2 guesses that it is present in
60%; 60% of 40 is 24 patients. Of the 40 patients for whom
clinician 1 guesses that the sign is absent, clinician 2 guesses
that it is absent in 40%; 40% of 40 is 16 patients.
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ment would be 50%, and maximum agreement beyond
chance would also be 50%.
The no-longer-hopeless clinicians’ agreement on 80%
of the patients is therefore 30% above chance. Kappa is a
comparison of the observed agreement above chance with
the maximum agreement above chance: 30%/50% = 60%
of the possible agreement above chance, which gives these
clinicians a kappa of 0.6, as shown in Fig. 4B.
Table 3: Chance agreement when 2
observers randomly assign positive
and negative results, for successively
higher rates of a positive call
Proportion
positive (%)

50
52
58
68
82

A

Clinician 2

Sign
present

Sign
absent

40

10

10

40

Chance agreement is not always 50%; rather, it varies
from one clinical situation to another. When the prevalence of a disease or outcome is low, 2 observers will guess
that most patients are normal and the symptom of the disease is absent. This situation will lead to a high percentage
of agreement simply by chance. When the prevalence is
high, there will also be high apparent agreement, with most
patients judged to exhibit the symptom. Kappa measures
the agreement after correcting for this variable degree of
chance agreement.

Conclusions

B

Clinician 2

Clinician 1
Sign
present

Sign
absent

Sign
present
Sign
absent

40
(25)
10
(25)

10
(25)
40
(25)

Total

50

50

Total
50
50

κ = (observed agreement – agreement expected by chance) ÷ (100 – agreement expected
by chance)
= (80% – 50%) ÷ (100% – 50%)
= 30% ÷ 50%
= 0.6

Fig. 4: Two clinicians who have been trained to assess Murphy’s sign in patients with abdominal pain do an actual assessment on 100 patients. A: A 2 × 2 table reflecting actual agreement between the 2 clinicians. B: A 2 × 2 table illustrating the
correct approach to determining the kappa score. The numbers
in parentheses correspond to the results that would be expected were each clinician randomly guessing that half of the
patients had a positive result (as in Fig. 2).
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Another way of expressing this formula:
(Observed agreement beyond chance) ÷ (maximum
possible agreement beyond chance)

The bottom line

Clinician 1

Sign
present
Sign
absent

(Observed agreement – agreement expected by chance) ÷
(100% – agreement expected by chance)

Hence, to calculate kappa when only 2 alternatives are
possible (e.g., presence or absence of a finding), you need
just 2 numbers: the percentage of patients that the 2 assessors agreed on and the expected agreement by chance.
Both can be determined by constructing a 2 × 2 table exactly as illustrated above.

Agreement
by chance (%)

50
60
70
80
90

Formula for calculating kappa
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Armed with this understanding of kappa as a measure of
agreement between different observers, you are able to return to the study of agreement in chest radiography interpretations between emergency physicians and radiologists1
in a more informed fashion. You learn from the abstract
that the kappa score for overall agreement between the 2
classes of practitioners was 0.40, with a 95% confidence
interval ranging from 0.35 to 0.46. This means that the
agreement between emergency physicians and radiologists
represented 40% of the potentially achievable agreement
beyond chance. You understand that this kappa score
would be conventionally considered to represent fair to
moderate agreement but is inferior to many of the kappa
values listed in Table 2. You are now much more confident
about going to the full text of the article to review the
methods and assess the clinical applicability of the results to
your own patients.
The ability to understand measures of variability in data
presented in clinical trials and systematic reviews is an important skill for clinicians. We have presented a series of
tips developed and used by experienced teachers of evidence-based medicine for the purpose of facilitating such
understanding.

Tips for EBM learners: kappa statistic
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