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INTRODUCTION

The collection of data in quasi-natural and natural settings
has become an integral part of most applied studies in behaviocr
analysis. Due to the nature and purpose of these studies--modifi-
cation of complex human behavior in the natural enviromment--it has
often been difficult, if not impossible, to maintain experimental
control of the degree found in the laboratory (Baer, Wolf, and
Risley, 1968). Because of the interest in socially significant
responses, recording of behavior is not typically achieved by elec-
tromachanical relay circuits and the like, but rather by human ob-
servars using a verbal (as opposed to electromechanical) definition
cf the behavior.

One of the most popular observational recording methods is in-
terval recording. A review of the articles pertaining to classroom

settings published in the Journal of Applied Behavior Analysis

(Volumes I through V) shows that interval recording has been used in
approximately L40% of these studies.

The typical procedure when using any observational recording
method is to first define the behavior to be recorded in terms of
observable events, then train observers in the use of the definition
and the recording technique, and finally record data on the behavior
of interest. With interval recording the observers cammonly use &
recording sheet similar to the one illustrated in Figure l. The

data sheet is marked off in small squares representing time inter-

1
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vals of equal size, often 10 seconds (see Bijou, Peterson, and
Ault, 1968). The observer then records the occurrence or non-
occurrence of the behavior for each successive interval of the
session using any convenient symbol to represent the occurrence of
the behavior. A stop watch is typically used to determine the
passing of intervals but audible-signal generating devices have
also been used (Worthy, 1968). Usually the behavior is recorded as
occurring if it is taxing place during any portion of the interval,
no matter now small that portion.

Bijou, Peterson, Harris, Allen, and Johnston {1969) and Mattos
(1971) have pointed out certain precautions regarding interval re-
cording, and Hawkins and Dotson (i972) have demonstrated that there
are serious shortcomings in the most popular method of calculating
inter-observer agreement (reliability) scores fram interval data.
However, it appears that behavior analysts have not systematically
examined the effects of using the interval recording metihod on the
validity of the data obtained.

In a sense, there are two kinds of validity requiring examina-
tion when interval recording is used for data collection. First

is the question as to whetner the absolute level of a behavior is

represented accurately by this method. For example, when one uses
the frequency of a response as the criterion for assessing validity,
interval recording is very likely to be at least somewhat invalid,
in the absolute sense, because eith:. of two errors can occurs

there may be two or more occurrences of the response within a single
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Figure 1

A sample section of a data sheet used with
interval recording. Each column of 3 cells
represents one lO-second interval. The
letters in each row indicate that the par-
ticular response was occurring during some
portion of that interval.
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interval, and the recorded data will show only one event; or a
single response may endure for so long & duration as to cover
several intervals, and the data will show several events where
there was only one. But where such absolute-level invalidity is
present there may also be serious threats to another, perhaps more
important type of validity; that which is referred toby Campbell

and Stanley (1966) as the internal validity of the experimental

effect. In examining internal validity one is raising the guestion
vwhether the independent variables employed truly had the effect
represented by the data. Or, as Campbell and Stanley put it, "Did
in fact the experimental treatments make a difference in this
specific experimental instance (p. 5)?" Obvicusly, if we cannot
believe that the effects we see in our data ere real, scientific
experimentation is, at best, wasted. To the extent that the effects
are misrepresented in magnitude, and particularly, where they are
exaggerated, our enthusiasm about our results must at least be
cautious.

Campbell and Stanley (1966) indicate several variables which
could interact with the dependent variable so as to threaten inter-
nal validity. One of these is referred to as "instrumentation"
and includes such phenomena as changes in the method of measuring
the dependent variable during the experiment, changes in the cali-
bration of the measuring instrument, and changes in the observers?
recording of the behavior. If interval recording does affect the

internal validity of results, it would appear to be a problem of
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"instrumentation."

The purpose of the present analysis is to assess the threat to
both of the above kinds of validity accruing from the fact that an
experimenter elects to employ interval recording. At least four
variables (which are not mutually exclusive) can be identified that
are always present in experimentation and which could affect the
accuracy of the data recorded by the interval method. The first
two of these variables are the rate and the duration of the behav-
ior. Examples of possible validity problems associated with high
frequency or long duration responses were given above. Although
frequency and/or duration are the primary data for most experimental
studies, their relationship to the accuracy of the data recorded by
the interval method has received little attention, with the excep-
tion that Mattos (1971) has stated that interval recording is
generally inappropriate for behaviors with very high or very low
rates.

The third variable which might affect the accuracy of inter-
val-recorded data is the size of the interval used to record the
behavior in question, The effect of the size of the interval on
the accuracy of interval recording was raised as early as 1939
(Arrington, 1939). Using the interval method (then called time
sampling) with 5-second intervals, Arrington collected data on the
"speech episodes™ of kindergarten girls. She ranked the girls as
to the total frequency of speech episodes and then retabulated the

data as though they had been recorded with 10-, 15-, 30-, and
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60-second intervals. Her results showed that for the subjects
with the highest ranks (4.25 speech episodes/minute) and the lowest
(0.46 speech episodes/minute) there was little change in rank order
with change to different size intervals. However, the subjects
ranking around the median showed considerable change of ranx with
changes in the length of the recording interval. Her conclusion
regarding intervals above 15 seconds in size was that:

As the size of the interval increases further . . . the

measures of total frequency become less discriminative

and the ranks deviate more widely from the original

five second ranking (p. 171).

However, it should be noted that her results could have been ob-
tained by a simple mathematical analysis, without measuring real
behavior, and that this approach would permit a complete parametric
study of the relationship between interval size and the validity of
the data at any selected response rate.

Bijou et al. (1969) also recognized the effect of interval
size on the data obtained. They reccommended the use of small in-
tervals when recording a high rate behavior. Also, Mattos (1971)
recommended that the length of the interval should be short enough
to prevent multiple, unrecorded occurrences of the behavior within
an interval.

The fourth variable which could affect the accuracy of interval
recording is the temporal patterning of the behavior, which can be
expressed in terms of the magnitude and variability of inter-
response times (IRT). This variable appears to have been completely

neglected in the literature, although Mattos (1971) does allude to
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some interaction between IRT and interval size.

The present research, then, was an investigation of the effect
of four variables--rate, duration, size of the recording interval,
and IRT--on the accuracy of data collected by the interval method.
The research employed a mathematical analysis and was oriented

toward assessing threats to the internal validity of experimental

data.
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AN ANALYSIS OF THE INTERNAL VALIDITY OF DATA
OBTAINED BY THE INTERVAL RECORDING METHOD

In any scientific study of a natural phenomenon, the investi-
gator attempts to isolate the effects of various independent vari-
ables and to assess the relationships which exist between the in-
dependent and dependent variables. 1In the present analysis the in-
dependent variables are three response dimensions--rate, duration,
and IRT--and one measurement dimension--the size of the recording
interval. The dependent variable was the accuracy of the data ob-
tained by interval recording. Accuracy was defined as the degree
to which obtained results matched those that would have been ob-
tained by a frequency and/or duration measurement of the same
behavior,

Due to the nature of the independent variables, attempts to
fully assess their effects on the validity of the recorded data
would not be feasible in the natural enviromment. For example, if
one were collecting date on the behaviors of a child in a classroom,
it would be difficult, if not impossible, to manipulate the frequen-
cy, duration, and IRTs of the behavior. 1In addition, any study
conducted in such a setting would require observers to record the
data, and when observers are involved, there is usually no true
measure of the behavior to use as a validity criterion. One ex-
pedient way of eveluating the accuracy of interval recording is to

carry out a matnematical analysis of the effects of the independent
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variables on the accuracy of hypothetical data. This procedure
also allows for a parametric analysis that would be impractical in

a real life setting.

Method

The initial step in the analysis is to derive some simple
probabilities. To begin the derivation, if & behavior has a dura-
tion of 5 seconds and occurs once during a 30-minute recording
session, according to probability theory, it is equally likely
that the behavior will commence at any second of the lO-second in-
terval. If it commences at any time between the initiation of the
interval (O seconds) and the midpoint of the interval (5 seconds)
the behavior will be recorded as occurring in only that interval.
However, if the behavior commences after the 5-second point, it
will be recorded as occurring in 2 intervals. Figure 2 illustrates
twc instances of each of these events, with the arrows representing
a behavior which is 5 seconds in duration. Thus, there is a prob-
ability of 0.50 that a S5-second behavior will occur at such a point
in time that it will be recorded in one interval and a probability
of 0.50 that it will occur so as to be recorded in two intervals.

Likewise, if a behavior has a duration of 2 seconds and occurs
once during a 30-minute recording session, the probability that it
will be recorded in only one interval approaches 0.80 and the prob-
ability that it will be recorded as occurring in 2 intervals

approaches 0.20. A behavior with a duration of 10 seconds which
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Figure 2
Occurrences of a 5-second behavior within a

1l0-second recording interval. The arrow
represents the behavior.
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13

occurs once during a 30-minute recording session will, using
10-second intervals, have a probability approaching 1.00 of being
recorded in 2 intervals, and a probability approaching 0.00 of
being recorded in one interval.

Once the probability of each possible outcome (e.g., the be-
havior's being recorded in one interval or two) from a single
occurrence of the response is known, it is possible to determine
the most probable outcome from any selected number of occurrences
of the response. For example, if a 5-second response has equal
probability of being recorded in one or two intervals (both 0.50),
on repeated occurrences the response will tend to occur in two in-
tervals the same number of times as it occurs in one interval (pro-
vided the time between the responses, or IRT, is not less than the
length of the recording interval). Then with two occurrences of
the response the most prcbable outcome is that it will be recorded
in a total of 3 intervals; with four occurrences, the most probable
outcome is that it will be recorded in a total of 6 intervals; with
twenty occurrences, the most probable outcome is that it will be
recorded in 30 intervals.

Similarly, with a 2-second response occurring, say, ten times,
the most probable outcome is that on two of those occurrences it
will be recorded in two intervals and on the other eight occurrences
it will be recorded in one interval; thus, the ten responses will
be recorded in 12 intervals. With fifteen occurrences the most

probable outcome would be the behavior's being recorded in 18
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intervals.

The mathematical operations being employed here are identical
to those presented by Hays and Winkler (1970) under the concept of
mathematical expectation. Mathematical expectation is simply a
weighted arithmetic mean based on the probabilities of the various
possible outcomes. Hays and Winkler explain expectation as follows:

.« . » this term has been retained in mathematical statistics

to mean the long-run average value for any random variable

over an indefinite number of samplings. . « . Over a

long series of trials, we can "expect" to observe the

expected value (p. 137).

The formula these authors provide is

]

aB(X) = a xP{x)

a le(xl) + x2P(x2)
where E(X) is the number of intervals in which the behavior is ex-
pected to occur, a is the frequency of the behavior, and Xy and X5
are the two possible numbers of intervals in which the behavior
could be recorded. Given a particular interval size (say 10 sec-
onds), x; and x2 depend campletely on the response duration. If
the behavior has a duration af 5 seconds, x; is the occurrence of
the behavior in only one interval and X, is the occurrence of the
behavior in two intervals. If the behavior has a duration of 20
seconds, x; is the occurrence of the behavior in two intervals and
X5 is the occurrence of the behavior in three intervals. P is the
previously calculated probability of these events.

Applying this formula to multiple occurrences of an event,

suppose that an observer were recording a behavior with a duration
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15
of 5 seconds and the behavior occurred four times during a 30-
minute recording session. In this case, the expected value would
be:

aE(X)

4 1(0.5) + 2(0.5)

L 1.5
6

That is, over a series of sessions this behavior would be expected
to be recorded in an average of 6 of the l0-second intervals per
session. If the same 5-second behavior occurred with a frequency
of 20 during a 30-minute recording session, the behavior would be
expected to be recorded in 30 intervals. Of course the expected
value does not represent the only value that can result. It repre-
sents the mode of a distribution of possible outcomes and only in
the long run will this value be approximated.

Now that the foundation has been laid, the analysis can be
applied to behavior changes as they would be reported in the liter-
ature. For the purpose of this section of the analysis, the inter-
val size and the IRT will be held constant. The interval size will
be 10 seconds and the IRTs will always be equal to or greater than
the length of the interval used to record the behavior (lO-second
IRT for l0-second intervals), thus preventing two responses from

occurring in the same interval.

The effect of frequency and duration

Figure 3 is designed to resemble the results of an experiment
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employing the ABAB design often found in behavior analysis. The
actual data are hypothetical, but all three graphs represent the
same data obtained on a 2-second duration response during a 30-
minute session. The top graph presents the frequency of the re-
sponse under each of the four phases of the experiment. The middle
graph depicts the total duration of the same behavior represented
as the percent of the sessior in which the behavior was occurring.
The bottom graph will be discussed shortly. The first three data
peints in the tcp graph show the benavior occurring with a frequency
of 12C per w-minute session. f}wgﬁe duration had been recorded,
it would have been found that the response consumed 11% of each
session, as shown in the middle graph. Thus, if the ordinate of
these two graphs is extended to the maximum possible value (900
responses or 130% of the session) the results will eppear the same
on both graphs.

But what results would the experimenter obtain if he had used
interval recording? In the first phase of the experiment the be-
havior could have been recorded in as few as 100 intervals (56% of
the intervals) or as maay 2s 180 intervals (100% of the intervals),
depending on where the response happened to fall in relation to the
interval boundaries (as described earlier and depicted in Figure 2).
This range of possible results is represented by the shaded area in
the first section of the bottom graph. If the expected value for-
mula is applied we find that the most probable outcame is that the

behavior would be recorded in 120 intervals (6T%), as depicted by

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 2

Hypothetical results fram an ABAB experimental
design yielding four different frequencies of
a behavior with a duration of 2 seconds. The
top section shows the actual frequency of the
behavior. The middle section shows the per-
cent of session in which the behavior occurs.
The bottom section shows the percent of in-
tervals (or number of intervals in a 30-minute
session) in which the behavior is expected to
be recorded. The shaded area is the range

of possible values.
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19
by the data points in the first section of the bottom graph.

Suppose the frequency of this response were then changed from
100 to 38 per session as is shown in the second section of the top
graph of Figure 3. The middle graph shows that the response would
then occur during only L% of the session. However, as the second
section of the bottom graph shows, intervail recording would result
in the response's being recorded in at least 33 intervals (21%) or
as many as 76 intervals (429), with the most probable being 45
intervals (25%).

The third section of the top grapn in Figure 3 shows an in-
crease in the frequency of the behavior to 135 per 30-minute
session. The middle graph shows that the behavior now occurs
during 15% of the sessicn. The interval method results in the
behavior's being recorded in as many as 180 intervals (100%) and
as few as 139 intervals (75%), with the most probable outcome being
162 intervals (90%).

The fourth section of the two top graphs in Figure 3 shows
that if the response were then reduced in frequency to 75 per
session, it would consume 8% of the total session. In this case
the response would be recorded by the interval method in at least
75 intervals (424) and as meny as 150 intervals (84%). The most
probable number of intervals would be 90 (50%).

Thus, the analysis appears to indicate that not only does in-
terval recording distort the absolute level of the behavior (as it

rust when IRT equals or exceeds the interval size, due to the
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"crediting" of a full interval any time the response occupies some
fraction of the interval), but it can also distort the magnitude

of the behavior change. In Figure 3 the actual behavior change be-

tween condition 1 and condition 2 is 62 responses or 124 seconds of
the behavior, each of which constitutes a change of only 7% of the
maximum possible frequency or duration. VYet, the interval data
could show a change as large as 7% of the session (1k2 intervals)
or as small as 149 of the session (24 intervals). The same
exaggeration of experimental effect is seen in every behavior
change represented in Figure 3.

Figure & shows hypothetical data from an experiment involving
a response of 5-second duration. As with the 2-second response
(Figure 3), interval recording exaggerates both the absolute level
of the response and the magnitude of the behavior change reported.
Figures 5 and 6 show similar hypothetical experiments with responses
cf 15-second and 30-second duration respectively.l

+ should be noted that the exaggeration of both the absolute

level of the behavior and the distortion of the experimental effect
appear to diminish as the duration of the behavior increases. For

example, if the data from the first two experimental conditions of

lIn Figure 6 a range of possible outcomes is shown for inter-

val data of each condition. Actually, the probability that the
30-second response will be recorded in four intervals approaches
1.00, and the expected value is virtually the only possible out-
come. However, for Figure 6 it has been assumed that there is
some finite probability that a 30-second response could occur at
the precise moment a lO-second interval begins and be recorded
in only three intervals.
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Figpre L

Hypothetical results from an ABAB experimental
design yielding four different frequencies of
a behavior with a duration of 5 seconds. The
top section shows the actual frequency of

the btehavior. The middle section shows the
percent of session in which the behavior
occurs. The bottom section shows the per-
cent of intervals (or number of intervals

out of & 30-minute session) in which the
behavior is expected to be reccrded. The
shaded area is the range of possible values.
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Figure 5

Hypothetical results from an ABAB experimental
design ylelding four different frequencies of
a behavior with a duration of 15 seconds.

The top section shows the actual frequency of
the behavior. The middle section shows the
percent of session in which the behavior
occurs. The bottom section shows the per-
cent of intervals (or number of intervals

out of a 30-minute session) in which the
behavior is expected to be recorded. The
shaded area is the range of possible values.
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Figure 6

Hypothetical results from an ABAB experimental
design yielding four different frequencies of
e behavior with a duration of 30 seconds. The
top section shows the actual frequency of the
behavior. The middle section shows the per-
cent of session in which the behavior occurs,
The bottom section shows the percent of inter-
vals (or number of intervals out of a 30-
ninute session) in which the behavior is
expected to be recorded. The shaded area is
the range of possible values.
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Figires 3 and 5 are compared, it can te seen that the interval data
in Figure 5 more closely approximate the true frequency and duration
data both in terms of absolute level and in terms of the magnitude
of benavior change.

It Iis uot the duration cof the behavior, however, which is the
determinant of <he distortion, but rather the frequency. If a
behavicr octurs 12 times during a 30-minute session, the distortion
in the interval data s the same whether ithe behavicr has a dura-
Llon of 2 sezonic or 3T ceconds. This will now be demconstrated.
Tloures [ and 3 will 1llustrate the {requency dependent nature of
“ae iistorilon reculting from interval recording. The upper and

A~

ower cectlons of each [lzure represent behaviors with differ

I

ng
“uretlicac. Function A in each of these figures represents what
would de an ideal relationship between the reccrded date and the
actual total duration of tne benhavior being recorded. When the
belavior is occurring 10% of the time, it would be recorded in 10%
of tne intervals; and when the behavior is occurring 33% of the
time, it would be recorded in 33% of the intervals. Function B
shows the percent of 1l0-second intervals in which the behavior is
expected to be recorded as a function of the frequency or percen-
tage of time tne behavior actually occurs. This function is merely
a graphic representation of the expected value and is calculated by
means of the formula presented earlier. Function B is based on
TRTs greater than the length of the interval and represents the mode

of a range of possible values., Function C in these figures illus-
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Figure 7

Demonstration of frequency-dependent nature
of the distortion
produced by intervel recording

Function A shows the ideal relationship be-
tween the actual behavior and the recorded
data. Function B is the expected number or
percent of intervals in which the behavior is
expected to be recorded. Function C is the
percent inflation. The upper section shows
a behavior with a duration of 2 seconds and
the lower section a behavior with a duration
of 5 seconds.
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Figure 8

Demonstration of frequency-dependent nature
of the distortion
produced by interval recording

Function A shows the ideal relationship be-
tween the actual behavior and the recorded
data. Function B is the expected number or
percent of intervals in which the behavior
is expected to be recorded. Function C is
the percent inflation. The upper section
shows a behavior with a duration of 15 sec-
onds and the lower section & behavior witr a
duration of 30 seconds.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

30



31

15-sec duration

X 10-sec intervals

30-sec duration

% 10-sec Intervals

20 40 60 80
frequency/ 30-min

25 50 £
% of session

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



trates tie expected percent .nfiat..n which resu.ts from recording
a behavicr with tie lC-secona interval method. This inflation is
vne ilfTerence between the percent of' lC-second intervals in wnich
the behavilor s expected (o be recorded and the actual percent of

time tne benav.or Lt oscurring {functlion C = functior B = function

A .

¥.Zares " ani S show tnat Uor ary particular frequency of the
Lenav.or tae percent of Inflat .. _o the same regardless of the
fesponue Lurtat. on. For example, whenever the frequency of the be-
racl.r . 0 wer session, (LY irflation is expected, whether the

responc~ duration 15 2 seconcs, 5 seconds, or 30 seconds. Whenever

'

2gurncy of the benavicr iz L7 per session, there is 22 in-
finvion. Thus, L& an experirmenter were using a procedure which
recu_ted in a change irn only the duration of the behavior, and if
the IRTs of the responses rcmain greater than the length of the
interval (10 seconds), the use of interval recording would result
ir. the same absolute distortion in all experimental conditions.

In such a case, the absolute change in behavior would be accurately

represented by the data collected by the interval method. If,

It will be noticed that the functions in Figures 7 and 8 are
only carried out to certain frequencies. Beyond the frequencies
shown on the abscissa the occurrences of the behavior are so
mumerous that it is no longer possible to have IRTs longer than
the interval. In other words, there is a ceiling effect, and any
further occurrences of the behavior will result in multiple, un-
recorded occurrences of the behavicr within an interval. The
problem of such short IRTs will be dealt with in more detail later
in this paper.
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however, the experimental procedure resulted in any change in the
frequency of the behavior, a portion of what is reported as behav-
ior change is nothing more than a change in the percent of infla-
tion for differing frequencies of the behavior. The net result
would be that there is an exaggeration of the magnitude of the
behavior change because the inflation is not equated across the
various experimental conditions.

All of the preceding analysis has been based on a comparison
between the actual frequency and/or duration of the behavior and
the data obtained by the interval method. This comparison has
shown that there are several problems with the interval recording
metod. First, for any given duration of a behavior, interval re-
cording results in differing degrees of distortion depending on
the frequency of the behavior. Second, if an experimental proce-
dure brought about a change in the frequency of the behavior, inter-
val recording magnifies that change.

It is important to note that when a behavior is recorded in
1004 of the 10-second intervals, it is usually the case that the
behavior is not occurring 100% of the time. What is happening is
that due to the nature of the recording method, a behavior that
takes up even a small portion of the interval is recorded as
occurring in the entire interval. In addition, as the behavior
increases in frequency, this distortion increases. When IRTs are
greater than the interval size it is possible to record the behavior

as occurring in 100% of the intervals but the behavior certainly is
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not occurring 100% of the time. This is similar to cutting off
the top part of the ordinate of a graph and then stretching the
remainder of the ordinate so as to maximize the apparent behavior
change. This is, in fact, what happens. If one were to compare
pre- and post-treatment interval data with the actual pre- and
post-treatment levels of the behavior (either frequency and/or
duration), the resulting proportions would accurately reflect the
actual change in the behavior, provided the data happened to
average around the expected value. For example, the behavior
change between the first and second phases in Figure 3 shows a
change from 100 to 38 in frequency (top section of the figure),
from 11.1% of the total session to 4.2% of the total session
(middle section of the figure), and from 120 intervals to 45 inter-
vals (bottom section of the figure). Each of these measures is
approximately a 39% reduction in the behavior. The interval data,
however, look much more impressive than the corresponding frequency
or duration data. We would question the honesty of a researcher
who took the frequency or duration data from Figure 3, eliminated
the higher frequencies or percent of session, stretched out the
ordinate and then relabeled the scale from 0% to 100%. When IRTs
are greater than the length of the interval used in recording, this
is exactly what is happening with interval recording.

A further limitation inherent in interval recording is that it
is only within the limited confines of this analysis where variables

are held constant or manipulated at will that we can know what the
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3%, reduction in the recorded data means in comparison to the
actual behavior. In the natural environment this reduction could
reflect a change in frequency, duration, or IRT of a behavior, or
some combination of these. There is no way of knowing which of
these factors or combination of factors resulted in the behavior

change.

The effect gg interval size

As mentioned earlier, Arrington (1939), Bijou et al. (1969),
and Mattos (1971) have all recommended the use of smaller intervals
when the behaviors being recorded are either of short duration or
high frequency. The argument for adjusting the interval size is
that smaller intervals increase the ability of the researcher to
discriminate between such behaviors. If the smaller intervals allow
the researcher to make such discriminations, it should reduce the
distortion that was made evident in the preceding section. The
accuracy of this argument can be assessed by comparing the validity
of interval data obtained by recording with different sized inter-
vals.

As was shown earlier, the most probable data, or expected
velue, can be calculated for any particular combination of response
duration and frequency, given a particular size of recording inter-
val. Using this formula the expected value was calculated for two
hypothetical responses--a S-second respénse and a l5-second re-

sponse~--under three recording methods: 5-second intervals, 10-sec-
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ond intervals, and 20-second intervals. The difference between the
expected value, expressed as percent of intervals, and the actual
duration of responding, expressed as percent of session, was cal-
culated. This difference always constituted an inflation of the
behavior (because IRTs were held larger than interval size, thus
preventing multiple responses within an interval), and these ex-
pected inflations cr distorticns due to interval recording are pre-
sented irn Figure 9 for each frequency of both the S-secornd and the
15-second duraticn response (up to the maximum, given the duratiocn
and IRT). Figure J should not be interpreted to mean that propor-
tional changes in the frequency of a behavior are inaccurately
reflected in interval reccrded data. As discussed earlier, inter-

val data accurately reflect the proportional changes (e.g., 150%

increase, or 70% decrease) in the frequency and/or duration of a
response.

The inflation is the difference between the recorded data and
the actual frequency and/or duration of the behavior. Also shown
in Figure 9 is the range of possible inflation, represented by the
shaded area of each graph. As can be seen, for the frequencies
and durations illustrated, the use of l0-second intervals results
in twice the percent inflation that would result from the use of
S5-second intervals, If 2C-second intervals were used to record the
behavior, the inflation would be twice as great as that which would
result from the use of 10-second intervals and L times as great as

5-second intervals. The longer the interval used to record the
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Figure §

The percent absolute inflation as a function
of the duration of a behavior (5 seconds and
15 seconds) and the size of the interval used
to record the behavior (5-, 10-, and 20~
cecond intervals). The shaded area is the
rarce of possible ianflation.
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behavior in question, the greater will be the resulting ianflation
in the recorded data. Even with intervals as short as 5-seconds,
the inflation inherent in the method of data collection will dise-
tort the absolute results obtained under any particular condition.
However, the distortion is reduced by the same factor that the

experimenter reduces the interwvel size.

The effect of interresponse time

Up to this point in the analysis the IRT has been held equal
to or greater than the length of the intervel. Some of the prob-
lems of IRTs shorter than the length of the interval will now be
dealt with. When the IRTs are shorter than the length of the in-
terval and the duration of the behavior is short it is possible for
multiple occurrences of the behavior to take place in any one in=-
terval. It might be argued that such a pattern of behavior would
reduce the inflation previously shown to result. It is true that
the amount of inflation is reduced, but the researcher is merely
substituting one source of error--unrecorded occurrences of the
behavior--for another source of error--the inherent infiation of
the recording method. Because the behavior analyst is not able to
discriminate the multiple occurrences of the behavior at this high
rate (short IRT), it is possible tiat what might be considered an
effective treatment program would go unnoticed. For example, a
behavior which occurred two or three times during every interval

would only be recorded once. If after a treatment was introduced
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it occurred only once during every interval, it would still be
recorded as occurring only once. In spite of a sizeable reduction
in the rate of the behavior, interval recording has masked the
behavior change.

Short IRTs also interact with interval size and can masX be-
havior change. It was shown earlier that the shorter the interval
used to record the behavior, the less the inflation of interval
recording. It is also the case that the shorter the intervel, the
less likely there are to be multiple occurrences of the behavior
within an interval. For example, Figure 10 is a portion of a data
sheet with the slash marks in each interval representing the
occurrence of a behavior. The upper section of Figure 10 is the
pre-treatment and the post-treatment data recorded by using 20-
second intervals. Both pre- and post-treatment data show the be-
havior ccurring in 100% of the intervals. If 10-second intervals
had been used to record the same behavior, the data sheet might
have looked something like the lower section of Figure 10. Here
the pre~treatment data show the behavior occurring in 100% of the
intervals, but the post-treatment data show the behavior occurring
in 50% of the intervals. In this case, the use of 20-second inter-
vals has interacted with short IRTs to mask what could be considered
an effective treatment procedure. Thus, problems with interval
recording are the greatest with longer intervals where multiple
occurrences of a behavior with short IRTs causes & deflation or

masking of the actual strength of a behavior.
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Figure 10

Sample data sheets showing pre- and post-
treatment records when 20-second or 10-

second intervals are used to record the
behavior.
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Empirical Analysis of Interval Recording

Perhaps an example or two of actual instances of distortion
will demonstrate some of the practical problems in the use of inter-
val recording. Classroom behavior was collected using the Datamyte
system.3 With this instrument the initiation and cessation of
behaviors are entered on a keyboard similar to that of an adding
nachine. As the behavior codes are entered on the keyboard, the
codes and the time (to0 the nearest second) are recorded on a cassette
tape. Subsequent computer analysis of the cassette tape furnishes
the researcher with much the same information as an event record;
namely frequency, duration, IRT, and temporal distribution of the
responses.

The behavior recorded in the following examples was out-of-
seat and the reccrding sessions were 30 minutes long. Out-of-seat
behavior was defirned as "any time the seat of the pants of the sub-
ject was not in contact with the seat of the chair." 1In the first
example, the behavior occurred 7 times with a total duration of 405
seconds. Thus, the behavior was actually occurring 22.5% of the
session. [f the behavior is recoded into lO-second intervals, the
interval method would show that the behavior occurred in 51 or

28.3% of the intervals. In this particular instance, there is an

3Manufactured by Electro/General Corporation, 128 Jackson
Avenue North, Hopkins, Minnesota 55343.
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overestimation of 5.9% in the total duration of the behavior. And,
if one were looking at the interval data as a reflection of the
frequency of the behavior, the distortion would be even greater (an
actual frequency of 7 compared to an interval frequency of 51).

In another example, out-of-seat behavior occurred 50 times
during the 30-minute session for a total duration of 976 seconds
which represents 48,7% of the total session. However, when the
benhavior was recoded into 1lO-second intervals, it was found to
cccur in 11l intervals which represents 61.7% of the session.

Here, interval recording resulted in a 13% inflation in the total
duration of the behavior,

A final example also points out the distortion resulting from
the use of interval recording. Out-of-seat behavior was recorded
35 times during a 30-minute session with a total duration of 331
seconds or 18.3% of the session. After recoding into ten second
intervals, the behavior occurs in 71 or 39.&% of the intervals. A
21.1% inflation of the total duration of the behavior has resulted.

Recerding actual behavior in a classroom setting and then re-
coding the data into 10-second intervals demonstrates that interval
recording does result in distortion and this distortion is usually
inflation. Even though there were occasions of multiple occurrences
of the behavior witnin an interval in the above examples (especially
the second one), the inherent inflation of interval recording pre-
dominates in every instance. The examples were not carefully chosen

to demonstrate distortion; they happen to represent data from the
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first three days of an experiment to modify out-of-seat behavior.
In all three instances the distortion is substantial and could

lead one to question the internal validity of any data collected

by the interval recording method.
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DISCUSSION

This analysis has touched on some of the variables affecting
the accuracy of the interval recording method. All behaviors,
whether in the world of the behavior analyst or the theoretical
world of this paper, exhibit the very same properties upon which
this analycis is based, i.e., frequency, duration, and IRT. To the
extent thet real behaviors exhibit the same properties, the analysis
appiies to those behaviors. But it is only within the confines of
this paper that the interaction of rate, duration, and IRT can be
controlled and theilr effect on the recorded data observed. In the
natural enviromment these variables change in unmeasured ways.
Thus, the researcher has no knowledge as to which of these three
variables was responsible for the reported behavior change.

The problems with interval recording are multiple., First,
there is the distortion in the absolute level of the behavior due
to either inflation, as was shown by use of the expected value
formula, or deflation, due to unrecorded multiple occurrences of
the behavior. Second, the distortion is a function of frequency,
duration, IRT, and interval size. When recording behaviors in the
natural environment these variables interact and the amount of dis-
tortion a the nature of the distortion (inflation or deflation) is
not known. Third, interval recording is not an accurate method of
estimating either the frequency or the duration of a behavior.

Multiple occurrences of a behavior within an interval make interval

L6
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recording an unacceptable estimator of frequency and crediting an
entire interval when the behavior taxes up only a small portion of
the intervel makes interval recording unacceptable as an estimate
of duration.

Baker and Whitenead (1972) make note of the inflation resulting
from interval recording and recommend that an event recorder be
used. Such an instrument not only measures the occurrence of ar
event, out its duration as well. The event recorder can also be
used to record several behaviors simultaneously and give an accurate

representatio:

g

of trese behaviors. The Datamyte is an exampie cf
one type of event recorder whicn may be used.

Howeve:r, due 1o the cost of event recorders and their foreign
rature in clascroams, homes, and the lixe, this is often not a
practical aliernative, In suchk a case, a form of interval recording
may be useful despite its limitations. Increased accuracy in re-
cording would result if only initiations of the behavior were re-
corded and multiple initiations within an interval were also re-
corded. Thus, the interval method would really be reduced to
frequency recording, but & record of the temporal pattern of the
behavior would be made at the same time. The exaggerated magnitude
of behavior change resulting from interval recording would be
eliminated and it could be said with increased confidence that
"Yes, the experimental treatments did make a difference in this

specific experimental instance.”

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



REFERENCES

Arrington, R. C. Time sampling studies of child behavior.
Psychological Monographs, 1939, 51, (2).

Baer, D. M., Wolf, M. M., and Risley, T. R. Some current dimen-
sions of applied behavior analysis. Journal of Applied
Behavior Analysis, 1968, 1, 91-97.

3aker, J. G., and Whitehead, C. A portable recording apparatus
for rating behavior in free-operant situations. Journal of
Applied Behavior Analysis, 1372, 5, 191-192.

Bijo:, £. W., Peterson, R. F., Harris, F. R., Alien, K. E., and
Johnston, Re. S. M<?thodology for experimental studies of young
chilaren in natural settings. The Psychological Record, 1969,

13, 177-210.

Campbell, D. T., and Stanley, J. C. Experimental and quasi-
experimental designs for research. Chicago: Rand McNally,

1966,

Hawkins, R. P., and Dotson, V. Reliability scores that delude: an
Alice in Wonderland trip through the midleading characteris=-
tics of inter-observer agreement scores in interval recording.
Paper read at Third Annual Symposium on Behavior Analysis in

Education, Lawrence, Kansas, 1972.

Hays, W. L., and Winkler, R. L. Statistics: probability inference
and decision Volume 1, New York: Holt, Reinhart, & Winston,

1370.

Mattos, R. L. Some relevant dimensions of interval recording.
Academic Therapy, 1971, 6, 235-2u4,

O'lLeary, K. D., Becher, W. C., Evans, M. B., and Saudargas, R. A.
A token reinforcement program in a public school: & replica-
tion and systematic analysis. Journal of Applied Behavior

Analysis, 1969, 2, 3-13.
Reid, J. B. Reliability assessment of observation data: a possible
methodological problem. Child Development, 1970, 4l, 11u3-

1150.

L3

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



k9

Romanczyk, R. G., Kent, R. N., Diament, C., and O'Leary, K. D.
Measuring the reliability of observational data: a reactive
process. Journal of Applied Behavior Analysis, 1973, 6,
175-184,

Worthy, R. C. A miniature, portable timer and audible signal-
generating device. Journal of Applied Behavior Analysis,
1968, 1, 159-160.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



	An a Priori Analysis of the Internal Validity of Interval Recording
	Recommended Citation

	tmp.1524760859.pdf.d3Dab

