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Estimates of observer agreement are necessary to assess the acceptability of interval data.
A common method for assessing observer agreement, per cent agreement, includes sev-
eral major weaknesses and varies as a function of the frequency of behavior recorded and
the inclusion or exclusion of agreements on nonoccurrences. Also, agreements that might
be expected to occur by chance are not taken into account. An alternative method for
assessing observer agreement that determines the exact probability that the obtained
number of agreements or better would have occurred by chance is presented and ex-
plained. Agreements on both occurrences and nonoccurrences of behavior are considered
in the calculation of this probability.
DESCRIPTORS: observer agreement, probability-based formula, recording and mea-
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Direct systematic observation of behavior has

been a major data-collection technique for the

behavioral sciences, especially in the areas of

child development and behavior modification.

Typically, observers collect these data by cate-

gorizing the occurrence or nonoccurrence of spe-
cific behaviors over short, fixed intervals of time,
usually between 5 and 30 sec in length. To eval-
uate the replicability of data, observer agreement
must be calculated. The per cent agreement
method has been employed for ascertaining in-
terobserver agreement. This paper describes the
difficulties associated with this method for assess-
ing agreement and suggests an alternative
method.

There are three major weaknesses with the
use of per cent agreement

(num1~er of number of agreementsd
number of agreements + number of disagreements

as a measure of observer agreement: (1) per cent
agreement is directly affected by the frequency
of behaviors, (2) the decision whether or not to

Reprints may be obtained from Marilyn T. Erick-
son, Department of Psychology, Virginia Common-
wealth University, Richmond, Virginia 23284.

include agreement on nonoccurrences of behav-

ior can drastically affect obtained agreement per-

centages, and (3) similar agreement percentages

do not necessarily reflect the same quality of ob-
server agreement because the number of agree-

ments that may have occurred by chance are not

considered. Despite these difficulties, no alterna-
tive to this currently popular technique has been
proposed.
A positive relationship has been observed be-

tween frequency of behavior and per cent agree-

ment such that low and high frequencies are

associated with lower and higher observer agree-

ments, respectively (Johnson and Bolstad, 1973;
Richards and Irwin, 1936). As the frequency of a

behavior recorded for a session increases, so does
the number of agreements expected by chance.
If more than half of the intervals rated by each

observer are scored as occurrences, some agree-
ments would have to occur. For example, if one
observer recorded a given behavior eight times,
and a second observer recorded the same behav-
ior six times in 10 intervals, they must have
agreed at least four times (a minimum of 40%
agreement). Because percentage of agreement
may vary with frequency, observer agreement
would not be stable over time if the frequency of
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behavior changes. This problem is especially se-
vere in studies in which the frequency of behav-
ior changes substantially across experimental
phases.

Behavior can be classified dichotomously into
occurrences and nonoccurrences, and categories
may be defined as either. Generally, only one of
these classifications is chosen as the behavior to
be recorded. However, the same information
would be contained in data recorded using either
classification. Because frequency may affect ob-
server agreement, the choice of which classifica-
tion to use (occurrences or nonoccurrences)
would influence the obtained per cent agreement.

Per cent agreement also may be influenced by
how agreements are defined. One definition of
agreement includes agreements on nonoccur-
rences as well as agreements on occurrences of
the target behavior. However, the recommended
definition is that agreements should be defined
solely on the basis of agreements on the occur-
rence of behavior because occurrences are usu-
ally the data of interest (Bijou, Peterson, Harris,
Allen, and Johnston, 1969; Johnson and Bol-
stad, 1973; O'Leary and Kent, 1973.) These
data are summarized as either the number of in-
tervals in which the behavior occurred when the
number of intervals is held constant, or as the
per cent of intervals in which the behavior oc-
curred. Because these measures consider the total
number of observation intervals, measures of ob-
server agreement based solely on intervals in
which an occurrence was scored are inappropri-
ate. However, when agreements on nonoccur-
rences are included in the total number of agree-
ments, high agreement percentages may be ob-
tained even when there are few agreements on

occurrence.

Probability-Based Assessment

of Observer Agreement

An alternative approach to observer agree-
ment would be to compute the probability of

two observers agreeing a given number of times.

The proposed model, based on probability the-

ory, takes into account the rate of behavior, the

definition of agreement, and the adequacy of ob-

tained observer agreement. The formula for de-
termining the agreement probability is:

_ Y! X! (N-X)!
Z=A Z! (Y-Z) (X-Z) ( (N-X)-(Y-Z) )

x (N-Y)!
N!

where

A the number of agreements on occurrence

obtained,
N = the number of intervals,
X the number of occurrences recorded by

Observer 1, and
Y the number of occurrences recorded by

Observer 2.

The observers must be labelled such that Ob-
server 1 recorded frequency of behavior equal to

or greater than did Observer 2 (i.e., X > Y).
Calculation of this formula may be accomplished
by a simple computer program2 or by using a

table of factorials (Beyer, 1968; Pfeiffer and
Schum, 1973). This formula assumes that each

observer recorded at a constant and set rate,
namely the number of behaviors recorded di-
vided by the number of intervals of observation.

The above formula can best be understood by
dividing the Y occurrences recorded by Observer
2 into Z agreements and Y - Z disagreements
with respect to the X occurrences recorded by
Observer 1. The first term in the formula

(:YYA! )determines the number of pos-

sible ways that Z agreements (or alternatively,
the Y - Z disagreements) could be selected

from the Y recorded occurrences of Observer 2.

The second term ((X !) then gives the

number of ways that the Z agreements could be

assigned among the X occurrences recorded by
Observer 1, or alternatively the number of ways
Z agreements could be selected from Observer

l's X recorded occurrences. The third term

(N X)! / determines the
\((-X)-(Y - Z) )E

2A copy of the program in Fortran may be ob-
tained from the authors.
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number of ways that the Y - Z disagreements
could be chosen among the N - X nonoccur-

rences recorded by Observer 2. The product of
these three terms gives the total number of com-
binations in which the (Y) occurrences recorded
by Observer 2 agree exactly Z times with the
(X) occurrences recorded by Observer 1. To ob-
tain a probability, the number of combinations
of the Y occurrences resulting in exactly Z agree-

ments is divided by (N-Y)! (the reciprocal is

the fourth term in the formula), which gives the

total number of possible arrangements of Y oc-

currences in N intervals.
A probability is calculated not only for the

obtained number of agreements, A, but also for
any possible greater number of agreements.
These are summed together so that the formula

yields the probability of obtaining at least A
agreements when X, Y, and N are given.
The observation protocols for two observers

are presented in Table 1. Observer 1 recorded
four occurrences in 10 intervals, and Observer 2

recorded three occurrences. The observers agreed
on the occurrence of the behavior in two inter-
vals. The probability of obtaining two agree-
ments (Z - 2) when X =4, Y = 3, and N =
10 is

3! x 4! x 6! x 7! = (3) (4 x 3) (6) 0.3.
2! 1! 2! 5 ! 10

Observer 2 recorded three occurrences, which are

divided into two agreements and one disagree-
ment with respect to the four occurrences re-
corded by Observer 1. There are three ways that
the two agreements could have been selected
from the three occurrences recorded by Observer
2. There are 4 X 3 12 ways that the two
agreements could be assigned to the four occur-
rences recorded by Observer 2. Note that there
are four possible ways in which the first occur-
rence recorded by Observer 2, which resulted in

Table 1

Sample Observation Protocol

Observer 1 X X XI XI
Observer 2 X X X

an agreement, could be paired with an occur-
rence recorded by Observer 1. Once this occur-

rence is assigned, there are three ways in which
the second occurrence recorded by Observer 2
and simultaneously recorded by Observer 1
could be paired with a remaining occurrence re-
corded by Observer 1. There are six possible
ways that the occurrence scored by Observer 2,
and which was not recorded by Observer 1,
could be assigned with respect to the six nonoc-
currences recorded by Observer 1. The last term,

10>X 9 X 8' refers to the number of ways in
which the occurrences recorded by Observer 2
could be arranged within 10 intervals. To obtain
the probability of obtaining two or more agree-
ments, the probability of getting three agree-
ments also must be calculated because in this
example three agreements was a possible arrange-
ment. The result for three agreements would be3

3!
X

4!
X

6!
X

7!
= (1) x (4 x 3X 2)X

1
3!0! _1! 6! 10! ~10>< 9 x 8)

= 0.033.

The final results, obtained by adding the two
probabilities together, is 0.333. By chance alone,
the obtained arrangement or a better one would
occur one third of the time.

The probabilities generated by this formula
over each of the Y possible number of agree-
ments forms an asymmetric, inverted U-shaped
distribution. The formula gives the probability
that the obtained number of agreements falls
within the upper portion of this distribution
bounded on the horizontal axis by the obtained
number of agreements. With few agreements,
most of the curve will be included and the prob-
ability of obtaining the observed number of
agreements or better will be high (close to one).
With many agreements, only a small tail of the
curve will be included, and consequently the
probability will be low (close to zero).

Both nonoccurrences and occurrences must be
considered in calculating observer agreement in
order to assess whether observation protocols re-

3For computational purposes, the reader is reminded
that 0! = 1.
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flect similar external events. Observers must not

only agree on the recording of occurrences in re-

sponse to external events but also must agree on

the recording of nonoccurrences. Some disagree-
ments resulting from different definitions of be-
havior may be attributed to one observer defin-

ing an event as an occurrence, while the other

observer defines the same event as a nonoccur-

rence of a given behavior. To obtain a low prob-
ability with the probability-based formula, sam-

ples of both agreements on occurrence and

agreements on nonoccurrences must be included.
If, for example, no agreements on nonoccur-

rences and three disagreements occurred in 10

intervals, the probability of seven agreements

would be 1.

Table 2 presents examples that demonstrate
various agreement probabilities obtained with
the probability formula and the results obtained
using per cent agreement based on all agree-

ments and per cent agreement based on occur-

rence agreements only. In Examples A and B,
Observer 1 recorded occurrences in every inter-
val; thus, an agreement resulted for every occur-

rence recorded by Observer 2, making the prob-
ability of these agreements 1.0. In Example A,
50 agreements had to occur. In Example B, al-

though the two observers agreed on occurrences

in 99 of 100 intervals, they never agreed on

nonoccurrences.

In Example C, the observers agreed on occur-

rences in eight intervals, agreed on nonoccur-

rences in one interval, and disagreed in one inter-
val. The two observers disagreed one of two

times when a nonoccurrence was scored. The
rather high probability of 0.2 reflects the small
sampling of nonoccurrences. An investigator
who assigns importance to both agreements on

occurrences and nonoccurrences of behavior
could not conclude that observers agreed on

both. If in 40 intervals the observers disagreed
one of two times when a nonoccurrence was

scored, the probability drops to 0.05 because the
agreement on occurrences is more certain (Ex-
ample D). Similarly, when the number of inter-
vals used is 200, the probability reaches 0.01
(Example E).

In these extreme cases, when nonoccurrences

or occurrences are not recorded or are recorded
only once by at least one of the observers, the
high probability obtained reflects poor sampling
of the event. The investigator may conclude that
agreement on the well-sampled event was good,

but he cannot predict how well the observers

Table 2

Comparison of Formulae Used to Compute Observer Agreement

Formulae
Data Per Cent

Agree- Agreement Per Cent
Observer Observer ments on (Occurrences & Agreement Probability

Examples 1 2 Intervals Occurrence Nonoccurrences) Occurrences Formula

A 100 50 100 50 50.0 50.0 1.0
B 100 99 100 99 99.0 99.0 1.0
C 9 8 10 8 90.0 88.9 0.20
D 39 38 40 38 97.5 97.4 0.05
E 199 198 200 198 99.5 99.5 0.01
F 40 30 50 28 72.0 66.7 0.006
G 20 10 50 8 72.0 36.3 0.006
H 6 6 10 6 100.0 100.0 0.005
I 12 12 20 10 80.0 71.4 0.01
J 6 6 10 5 80.0 71.4 0.12
K 41 40 50 36 82.0 80.0 0.01
L 22 20 50 13 68.0 44.8 0.02
M 22 20 50 18 88.0 75.0 0.001
N 40 10 50 10 40.0 33.3 0.08
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would have agreed had the event not occurred,
and therefore cannot be confident that the ob-
servers responded to the same environmental

events. Because it is theoretically arbitrary
whether an observer has been instructed to re-
cord an event or its absence as an occurrence,
per cent agreement with nonoccurrence, and the
probability formula each are the same for the

reciprocal cases of Examples F and G. Even with

perfect agreement, there is a slight probability
that the agreements occurred by chance (Exam-
ple H).

Unlike per cent agreement, the probability
formula is sensitive to the number of observation
intervals. The probability of obtaining at least A
agreements in N intervals is higher than the
probability of obtaining 2A agreements or bet-
ter in 2N intervals. When two observers main-
tain a moderate rate of agreement over many in-
tervals, the probability that the agreements were
due to chance decreases. Examples I and J pro-
vide an illustration. When both observers re-
corded six occurrences and agreed on five of
them in 10 intervals (two disagreements), the
probability was 0.12. However, when the two
observers recorded at the same rate and agreed
on the same proportion of occurrences in 20 in-
tervals, the probability was 0.01.

The problem raised is how to handle many in-
tervals of data. Data may either be combined
across sessions, or probabilities may be com-
bined for an overall measure of observer agree-
ment. The first consideration to be made when
contemplating the pooling of data must be the
rates at which the observers recorded occur-
rences. If for any reason the rates are not similar,
the data may not be pooled without inflating the
probability that will be obtained, because, as
stated above, the probability-based formula as-
sumes that each observer records at a constant
rate. Even if there is no reason to believe that the
rate of recording occurrences of behavior rate
has changed, it is always more conservative to
calculate probability over a small number of in-
tervals. With large numbers of intervals, rela-
tively large differences in observer protocols will

be significant (i.e., unlikely to be due to chance).
If the rate of observer recording may be esti-
mated and the percentage of agreement on oc-
currence ascertained (i.e., by making sample
observations) one may calculate (by computer)
many examples with varying numbers of inter-
vals and thus estimate the number of intervals
necessary to obtain a given probability. Exam-
ples K, L, M, and N are illustrations of values
obtained using the probability-based formula.

The major advantage of the probability for-
mula over per cent agreement is that it gives the
exact probability of obtaining at least any given
number of agreements. Acceptable levels of ob-
server agreement should also be based on the
likelihood that these agreements could have oc-
curred by chance, which is the function of the
above formula.
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