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ABSTRACT Animals perform a continuous stream of behavior throughout
their lives. Because their behavior is not random, appropriate sampling
methods can be used to obtain data that accurately reflect the actual behavior
and are valid for answering research questions. Answering questions related to
several variables assists in narrowing the choices of sampling methods. First, a
determination must be made of what behaviors to measure. If the behaviors are
few and easily measured, then All Occurrences Sampling is the method of
choice because it generates accurate frequency and duration data through
continuous recording. Sequence and Sociometric Matrix Sampling are special-
ized types of All Occurrences Sampling that are restricted to sampling intra- or
interindividual sequences and social interactions (e.g., agonistic), respectively.
Second, if who (e.g., specific individual, sex, or genotype) performs the
behavior is a major component of the research question, then consideration
should be given to Focal Animal (Pair, Group) Sampling. Third, if when or
where the behavior is performed is of interest (e.g., activity budget), then
Instantaneous or Scan Sampling can often be effective. Ad libitum Sampling
does not produce valid data for analyses, but it is useful when formulating and
fine-tuning research questions. One-Zero Sampling is not recommended except
when the research question relates to the presence or absence of behaviors only.
Other factors to consider in selecting a sampling method are duration of the
behavior (event or state), desired scale of measurement (nominal, ordinal,
interval, or ratio), and logistics (e.g., time, and equipment and facilities
available).
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duration)
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INTRODUCTION

Animals are always behaving. From the
point following conception, when move-
ment can first be detected, until death they
perform a continuous stream of behavior.
It is very difficult and unnecessary to
completely record major portions of the
stream of behavior in order to answer
research questions. Because behavior does
not occur randomly, the relative frequency
and duration of behaviors can be approxi-
mated through sampling. Because samples
are only estimates of the true behavior
(Crockett, 1991), protocols must be used
for sampling that provide valid answers to
particular research questions.

In the present paper a discussion of
some variables to consider when first
selecting a sampling method will be
provided. Definitions and a brief discus-
sion of the common behavior sampling
methods, including examples of how some
of these methods have been used in
poultry science studies, will be given.
Finally, some additional factors to con-
sider when making a final decision on the
appropriate sampling method to use will
be discussed.

VARIABLES AFFECTING SAMPLING
METHOD SELECTION

The appropriate sampling method will
be determined, in part, by how the
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research questions (Lehner, 1987) focus the
study on particular variables (Table 1),
regardless of whether the study is descrip-
tive or experimental. An experiment tests
a hypothesis and requires that indepen-
dent variables be held constant, be al-
lowed to vary naturally, or be manipu-
lated and measurements made on
dependent variables (behaviors). In pre-
paring a descriptive ethogram for a spe-
cies, observations and measurements of
the behavior are made under the widest
range of conditions for the variables in
Table 1.

A question that should be addressed
initially is: What behavior is of interest? Is
the behavior known or unknown? A
determination of the behaviors that occur
under specified conditions may be
desired. For example, Wood-Gush (1956)
released cocks singly into a pen containing
a hen and recorded all the males’ move-
ments in relation to the hen in order to
determine and describe their courtship
behavior. In contrast, specific behaviors,
such as how ingestion, agonistic, and
fearful behaviors of laying hens are af-
fected by cage configuration may be of
interest (Anderson and Adams, 1991).

Secondly, a decision must be made
whether who performs the behavior is
important. The individuals of interest can
differ along several parameters (Table 1).
Komai et al. (1959), for example, measured
the effect of genotype on the social
aggressiveness of chickens.

The third variable of concern is the
temporal aspect of a study. The time when
the behaviors occur in response to
manipulated stimuli (i.e., treatments) or
natural variation in environmental factors
may be of interest. For example, Tanaka
and Hurnik (1991) measured behavioral
responses (e.g., eating) of hens to simu-
lated dawn and dusk. Further, Tanaka and
Hurnik (1991) determined where the hens
were located spatially (e.g., on the ground,
floors, or perches). In this study, they
measured the behavioral responses of the
hens to changes in the abiotic environment
(light), just as Murphy and Wood-Gush
(1978) measured the behavioral responses
of chickens of two different genotypes to
being placed in a strange physical envir-
onment (a sound-proof room). The role of
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TABLE 1. Some variables used to help select
behavior sampling methods

Variable Description and examples

What Type of behavior (e.g., feeding,
mating, and agonistic behavior)

Who Individuals {e.g., sex, age, social
rank, and genotype)

When Temporal (e.g., season, time-of-
day, pre- and posttreatment, and
response latency)

Where Spatial (e.g., geographic, in build-
ing, outside, and distance from
food, water, or other individu-
als)

Environment

Abiotic (e.g., temperature, humidity, wind
speed, and photoperiod)
Biotic (e.g., animals, vegetation, and ob-

servers)

the biotic environment was the focus of
Kratzer and Craig’s (1980) study of the
effects of group size and density on
mating behavior of cockerels.

BEHAVIOR SAMPLING METHODS

Developing and implementing samp-
ling methods that result in data that are
accurate measures of the true behavior
and that provide valid answers to research
questions have been a concern of etholo-
gists for decades. Altmann (1974) pro-
vided the first comprehensive review of
the various behavior sampling methods
and provided descriptions and recom-
mended names and uses for seven major
types of behavior sampling methods
found in the literature. The Altmann
(1974) paper became the standard for later
discussions of behavior sampling methods
(e.g., Sackett, 1978; Lehner, 1979, 1987;
Altmann, 1984; Crockett, 1991).

There are eight common behavior
sampling methods (Table 2). However,
sampling always consists of using either
Focal Animal (Pair, Group) or All Animals
Sampling paired with another method
(e.g., Focal Animal and All Occurrences).
Some methods are used consecutively or
simultaneously (Altmann, 1984; see be-
low).

Focal Animal Sampling means that
behavior is recorded for only one animal
during any sample period. It is used when
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TABLE 2. Behavior sampling methods

Method Description
Focal animal (pair, group)  Restricts data recording during a sample period to one animal, pair, or group.
All animals Data is gathered from all observable animals.
One of the above methods is paired with one of the methods below
Ad-libitum Opportunistic sampling with no constraints.

All occurrences
Sequence

Continuous recording
Record all occurrences of selected behavior(s).
Sampling is restricted to all occurrences of selected intra- or interindividual

sequences of behavior.

Sociometric matrix

One-zero

Record resuits of interactions between individuals.
Time sampling

Record the occurrence (one) or nonoccurrence {zero) of selected behavior(s)

during sequential sample intervals.

Instantaneous or scan

Record behavior of an individual (instantaneous sample) or group of

individuals (scan sample) at sequential, predetermined points in time.

the primary interest is in the individual
(e.g., sex, age, social rank, or genotype), or
when there are too many behaviors or
they are occurring too rapidly to ac-
curately record data from several in-
dividuals. Focal Animal Sampling is con-
sidered synonymous with All Occurrences
Sampling or continuous sampling by some
researchers (e.g., Altmann, 1984; Crockett,
1991), but all occurrences of a behavior
can be recorded from several individuals
concurrently. Also, because it can be used
in conjunction with All Occurrences, Se-
quence, One-Zero, or Instantaneous Samp-
ling, the present author concurs with
Martin and Bateson (1986) in treating
Focal Animal Sampling as a separate
sampling method. Focal Animal Sampling
was used in Lee and Craig’s (1990) study
of the effects of beak trimming on the
behavior of young pullets by having each
of two observers record behavior from one
chick at a time. Jones (1980) tested male
chicks individually (Focal Animal) in his
study of their reaction to eye-like shapes.
Most experiments using operant condi-
tioning are restricted to Focal Animal
Sampling.

Focal Pair Sampling can be used with a
mated pair, but it also refers to data
collection from any, but only, two animals
at a time, such as during mating, agonistic
behavior (Guhl et 4l., 1945), communica-
tion, and parent-young interactions. Focal

Group Sampling is often used with social
or reproductive units such as flocks or
harems. For example, McBride et al. (1969),
in their research on the behavior of feral
domestic fowl, located focal groups
(flocks) by hearing cocks crow in the
morning.

The recording of behavior from all
individuals that are observable is referred
to as All Animals Sampling (Table 2).
These animals are not members of the
same social or reproductive group and
may belong to different species. For exam-
ple, a combined All Animals and Scan
Sampling might be used to determine
behavioral synchrony between and within
captive populations of chickens, turkeys,
and Japanese quail kept in separate en-
closures.

Ad libitum Sampling means recording
any behavior of any individuals that
appears relevant to the observer. It is often
used during the initial phase of descrip-
tive studies and during reconnaissance
observations (Lehner, 1979) when for-
mulating and fine-tuning research ques-
tions. Although measures of frequency
and duration are sometimes made during
Ad libitum Sampling (Table 3), they are
gathered in a haphazard manner so that
they represent only pilot or first approxi-
mation data. Wood-Gush and Duncan
(1976) used Ad Libitum Sampling in the
early stages of their study of domestic
fowl in the wild. They later used All
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TABLE 3. Data provided by sample methods!

Sampling method Frequency  Duration

Ad libitum 2 ?

All occurrences X X
Sequence X ?
Sociometric matrix X

One-zero ? x3

Instantaneous or scan x3 x3

1An X indicates data is provided.

szquency and duration are sometimes mea-
sured during Ad libitum Sampling, but because these
data are recorded neither randomly, nor systemati-
cally, they are not valid for experimental analyses
and are of limited descriptive value. Durations are
recorded sometimes during Sequence Sampling.
Frequencies obtained from One-Zero samples are not
true frequencies (see text).

3Durations measured by One-Zero Sampling and
frequencies and durations measured by Instantane-
ous or Scan Sampling can be reasonably accurate if
certain criteria are met (see text).

Occurrences Sampling to measure nest site
selection, nesting, laying, and incubating
in the same population (Duncan et al.,
1978).

All Occurrences Sampling requires the
observer to make a complete record of
every occurrence of one or more predeter-
mined behaviors for every individual in
the sample. This method is generally used
to measure both frequencies and durations
(Table 3) and is sometimes referred to as
continuous sampling (Crockett, 1991) or
continuous recording (Martin and Bate-
son, 1986). This sampling method pro-
vides the most complete and accurate data
if the observer restricts the number of
behaviors and animals recorded per sam-
ple period. However, if several behaviors
are recorded it can be very labor-intensive
(Altmann, 1984), especially if several
animals are included in the sample. Guhl
(1953) measured sexual behavior when
five cocks were introduced daily, singly,
and consecutively into a pen of hens. He
recorded all occurrences of courting,
treading, crouching, and avoiding.

Sequence Sampling is a type of All
Occurrences Sampling that is used, pri-
marily, to study rather predictable chains
of behavior, such as courtship behavior
(Guhl et al.,, 1945) or when the order of
behaviors (intra- or interindividual) is
central to the research question. Because
the sequence of behaviors is of primary
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interest, measures of duration are gener-
ally not taken(Table 3).

Sociometric Matrix Sampling is used to
study interactions between individuals,
which results in a matrix summarizing the
interactions. It can be argued that this is a
method of recording data during Focal
Pair (Group) and All Occurrences Samp-
ling. For example, winner or loser charts
of agonistic interactions are often cast into
an ordered matrix to reflect a dominance
hierarchy (e.g., Guhl, 1956). Frequencies
are generally the only data of interest with
this sampling method (Table 3).

One-Zero Sampling is used to record
the occurrence or noncccurrence of be-
havior(s) during consecutive sample inter-
vals. A 1 is scored for the sample interval
if the behavior occurred, and a 0 is scored
if it did not occur. The number of sample
intervals in which the behavior occurred is
sometimes referred to as a “modified
frequency” (Sackett, 1978) or “Hansen
frequency” (named after Hansen, 1966).
However, the resultant data are not true
frequencies (Table 3) but rather the num-
bers, or proportions, of all sample inter-
vals in which the behavior occurred. It is
generally recommended that One-Zero
Sampling be avoided when possible (Alt-
mann, 1974, 1984; Kraemer, 1979; Lehner,
1979), as it usually provides poor mea-
sures of both frequency and duration
(Simpson and Simpson, 1977; Tyler, 1979;
Martin and Bateson, 1986). However, if the
sample intervals are short enough so that
several occur during a long-duration be-
havior, then this method can produce
reasonable estimates of duration if the
sample size is large. One-Zero Sampling
does allow a large number of behaviors
and animals to be measured, and it
generally results in high interobserver
reliability (Crockett, 1991), but these posi-
tive characteristics must be weighed
against the relative inaccuracy of the data.
It can be a useful method if only the
presence or absence of a behavior (e.g.,
hatchability) is important (Altmann, 1984).

Instantaneous or Scan Sampling is used
to record behavior at predetermined
points in time (e.g., 12-s intervals; Lee and
Craig, 1990). Instantaneous Samples are
taken from Focal Animals, and Scan
Sampling is used for groups. Instantane-
ous Sampling at 8-min intervals was used
by Webster and Hurnik (1991) in their
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study of the behavior of laying hens.
Duncan and Wood-Gush (1972) filmed
displacement preening at 32 frames per
second, which allowed them to analyze
the film frame by frame as instantaneous
samples every 1/32 s. Film analysis results
in instantaneous samples at such short
intervals that it is essentially continuous
recording in All Occurrences Sampling.
When sampling intervals are short relative
to durations of behavior and the behavior
occurs at high rates, then Instantaneous
Sampling can provide a reasonably accu-
rate measurement of both frequency and
duration (Rhine and Ender, 1983; Martin
and Bateson, 1986) (Table 3). Scan Samp-
ling is often used to determine activity
budgets and behavioral synchrony (Alt-
mann, 1974, 1984). For example, Tanaka
and Hurnik (1991) used scan sampling to
determine the number of hens on the
ground, three floors, the top perches, and
in front of nests under simulated dawn
and dusk conditions.

Combinations of sampling methods are
the rule in behavior studies. As mentioned
above, Focal Animal (Pair, Group) and All
Animals sampling methods are always
paired with another method (Table 2). For
example, Focal Pair and All Occurrences
Sampling was used by Webster and Hur-
nik 5990) in their study of the effects of
movable roosts, cage mates, and genetic
stock on feather pecking and climbing the
cage. Jones and Mench (1991) used Focal
Animal and All Occurrences Sampling in
their study of the behavioral correlates of
male mating success. Other combinations
of sampling methods are frequently used.
For example, Ad libitum records of un-
usual behaviors are generally made while
using another sampling method such as
Focal Animal and All Occurrences. Alt-
mann (1984) suggested that behavioral
synchrony in a group can be determined
by taking scan samples at the beginning
and end of Focal Animal and All Occur-
rences sample periods.

OTHER FACTORS TO CONSIDER
WHEN SELECTING A
SAMPLING METHOD

Duration of Behavior

A state is an ongoing, duration meaning-
ful behavior. An event is a momentary
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behavior that happens so rapidly that it is
normally recorded only as an occurrence
and not a duration. Events are often
changes in states, such as a hen flying
(state), landing on the ground (event), and
then walking (state). All the sampling
methods discussed above will be effective
in recording the occurrence of states (note
concerns about One-Zero Sampling dis-
cussed above), but only continuous record-
ing sampling methods (All Occurrences,
Sequence, and Sociometric Matrix) will
effectively sample events. If durations of
the state are important, then All Occur-
rences Sampling is the method of choice
(Table 3), but Instantaneous or Scan Samp-
ling can be used effectively if certain criteria
are met (see above).

Scale of Measurement

The four scales of measurement are:
nominal, ordinal, interval, and ratio. Nomi-
nal data are counts (frequencies) of occur-
rences of behaviors that differ qualitatively.
For example, seven waltzes, ten feather-
rufflings, and twelve wing-flaps might be
recorded during a Focal Animal and All
Occurrences sample of a cock’s agonistic
behavior. Ordinal data are ranked by a
common qualitative property. The relative
order of the ranks is known, but the
distance between them is neither continu-
ous nor known. For example, the waltzes
(above) could be ranked as of high, medi-
um, or low intensity, which would have
provided higher resolution data than
merely recording its occurrence (nominal
data), but the ranks still would not contain a
continuous measure with known intervals.
Interval data is the same as ordinal data
except that the differences between the
categories are of known and wuniform
distances, which allow additivity. Howev-
er, the zero point is unknown or has been
arbitrarily assigned (e.g., 0 C was arbitrarily
assigned and is not the absence of tempera-
ture). Latencies to respond to a stimulus
are, for example, interval data because the
uniform, continuous measurement of time
is used, but the arbitrary zero point of
stimulus onset is assigned because the point
in time when the animal first perceives the
stimulus is unknown. Ratio data are the
same as interval data except that there is a
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known, true zero point (absence of the
factor being measured). Recording the
duration of a feeding bout and the spatial
distance between members of a flock are
both examples of the use of the ratio scale of
measurement.

The scale of measurement is important
because it imposes some restrictions on the
use of statistical tests. Parametric tests,
which are more powerful than nonparamet-
ric tests (when both are applicable; Zar,
1984), should be restricted to interval and
ratio data (e.g., Drew and Hardman, 1985)
because these data meet the criteria of
continuous measures with equal intervals.
However, these criteria are sometimes dis-
regarded and nominal or ordinal data are
transformed (e.g., arc-sine) to meet the
other two criteria of normal distribution
and homogeneity of variance. The present
author prefers the conservative approach
and recommends that only the less power-
ful, nonparametric statistical tests be used
with nominal and ordinal data (Lehner,
1979). The capacity to accurately use the
various scales of measurement and gener-
ate accurate nominal (e.g., frequencies) or
ratio (e.g., durations) data differs between
the sampling methods (Table 3).

Logistics

Unfortunately, the selection of a samp-
ling method is also determined, in part, by
logistics. This includes time constraints on
the availability of facilities, subjects, treat-
ments, observers, and equipment. The type
and quality of recording equipment, as well
as the ability and experience of observers,
will help dictate the resolution and amount
of data that can be obtained. Within these
constraints, and those mentioned above, the
rule to follow is: select the sampling method
that will provide only enough accurate and
valid data of sufficient resolution to answer
your research question. The proper samp-
ling method is both effective and efficient.
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