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A basic assumption of the behavioral sciences is that there exists a direct, self-evident relation-
ship between the behavioral categories, or types, used to describe behavior and how the organ-
ism actually behaves. This assumption is challenged. It appears that behavioral types are typi-
cally created a priori, either with an eye to convenience of measurement or on the basis of
anthropomorphic or intuitive Inferences. Furthermore, it appears that human observers do not
record behavioral types accurately or consistently. The elementary units, or tokens, of behavior
are not recorded and, therefore, play no explicit role in the creation of the types used to describe
behavior. It is suggested that behavior be described explicitly through the use of formal notation
systems. This suggestion is supported by a review of studies that have used such systems to re-
veal striking new insights into the organization of behavior. Of these systems, Eshkol-Wachmnan
Movement Notation appears exceptionally powerful for extracting invariant features of behavior.
We suggest that the adoption of such methods will lead to behavioral taxonomies that are both
ecologically and neurologically valid.

Until recently, psychology was a philosophical dis-
cipline concerned with the nature of mind. During the tat-
ter part of the 19th century, it emerged as a scientific dis-
cipline. The spirit of the times dictated that mind, like
all phenomena, should be regulated by identifiable, regu-
lar laws similar to those of Newtonian physics. Mind,
however, was not amenable to experimentation because
it was not directly observable. In order to found a
"science" of psychology, it was necessary to shift the
focus of psychology from the mind to overt behavior. As
J. B. Watson, the most articulate advocate of a science
of behavior, proclaimed, the key to unlocking general psy-
chological laws was the systematic observation and mea-
surement of behavior. Initially, this approach seemed to
be a simple one. Behavior appeared easy to observe and
measure, and the task of creating a set of general psy-
chological laws did not look in~surmountable. In addition,
given reasonably general laws of behavior, it seemed that
anchoring them to the physiological substrate would be
straightforward. An understanding of the organization of
the physiology could, in turn, provide predictive expla-
nations of behavior and useful tools for the clinic. The
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apparent power of behaviorism was virtually unlimited.
Thus Watson went so far as to claim,

Give mie a dozen healthy infants, well-forned, and my own 
spccified world to bring them up in andi I'll guarantee to
take any one at random and train him to become any type
of Specialist I might select-a doctor, lawyer, artist,
merchant-chief and, yes, even into beggar-man and thief,
regardless of his talents, penchants, tendencies, abilities,
vocations arnd race of his ancestors. (Watsn, 1928, p. 10)

Thec promise of behaviorism remains unfulfilled. Com-
pared with other sciences, the progress of the behaviorally
based sciences has been painfully slow. Advances simi-
lar to those in medicine, physics, or molecular biology
seldom occur. Sixty years of concentrated research have
failed to provide generally accepted laws of behavior, nor
do we understand the physiological mechanisms that or-
ganize and produce behavior.

Why has behaviorism faied to fulfill the promise so
evident at its inception? We argue that this failure is due
primarily to the use of misguided descriptions of behavior.
By classifying as similar all behaviors that result in a
specific environmental outcome, behaviorism has belied
its own name and abandoned the study of behavior itself
(Kolb, Jacobs, & Petrie, 1987; Pfaus etal., 1987). We
also argue that researchers using more naturalistic
methods of observation, wlether intellectual descendants
of ethology or of other hybrid disciplines, have falled
equally. However appealing, their use of intuitive and in-
formal classes of behavior similarly ignores behavior it-
self. In its place, they rely on little-understood processes
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of psychological categorization, the unavoidable biases.
of human perception, and the inadequacies of natural
language.

If behaviorism was stillborn in the early part of this cen-
tury. and naturalistic observation has been inevitably hin-
dered by anthropomorphic bias and inference, it is hardly
surprising that the mechanistic models these approaches
have generated neither reflect the organization of behavior
as it occurs in the natural world nor relate to behavior
as it is organized neurophysiologically. We suggest that
the inadequacy of traditional approaches to the study of
behavior can be overcome if the behavioral sciences adopt
an explicit, formal framework for the description of be-
havior.

TAXONOMIES OF BEHAVIOR

Taxonomies are not neutral hatracks for the pristine fact
of nature. They are theories that create and reflect the deep
structure of science wAn human culture. A taxonomy is not
a ploy for convenient arrangement, but a hypothetical state-
ment about the nature of things. (S. J. Csould, 1985, p. 505)

If we are to describe behavior, we must break the be-
havioral stream into conceptually discrete units and clas-
sify them into recognizable behavioral types. Each be-
havioral type serves as an element of the behavioral
taxonomy out of which theory is constructed. However,
because no two instances of a behavioral type will be iden-
tical, classification depends upon abstracting characteris-
tics common to each type and ignoring those characteris-
tics assumed to be due to momentary variation. In order
to classify behavior, we define a "core of invariance"
that is recognizable in each class (MacCorquodale &
Meehl, 1954).

For the most part, behavioral scientists choose descrip-
tions of behavior expressed in natural language. Any
descriptive language, however, constrains the way in
which we can describe and therefore discuss our percep-
tions. A specific language will allow us to describe a be-
havioral stream in different ways, but it will also prevent
us from describing behavior in other ways. At the sim-
plest level, the act of naming limits the descriptive power
of a language. In effect, the choice of a language is the
same as the choice of a taxonomy in that it involves clas-
sification that makes explicit certain distinctions and hides
certain others. In choosing a natural or technical language
with which to describe behavior, we are, in effect, im-
plicitly choosing a taxonomy. Because it is implicit in the
language, this taxonomy can be changed only by describ-
ing the behavior in a new language.

The choice of a particular language, or of an explicit
taxonomny, carries with it a second, often ignored, charac-
teristic. When we define a set of behavioral types, the
allowable relationships among the types have been brought
into existence by default. Therefore, a theor based upon
any taxonomic system is fixed in its form, its simplicity,
and its power by the way in which behavioral types are
brought into existence. If we change the criteria by which

behavioral types are established, then a new taxonomy
has been created, and new theoretical relationships are
implied. This is true whether the change is brought about
by altering our explicit definitions through discussion or
by changing the language with which we describe be-
havior. Theories that are derived from different behavioral
taxonomies necessarily describe relationships that are
unique to their own taxonomies, even though each tax-
onomy may describe the same behavioral stream.

This point cannot be lightly dismissed. The form,
power, and elegance of our theories depend both upon
the criteria used to form our behavioral taxonomies and
upon the choice of a descriptive language. The taxono-
mies permitted in the language determine the possible
forms that theory can take. More bluntly, the way that
we describe and classify events in the natural world de-
termines the theoretical description that can be derived
from it (Fentress, 1984; Golani, 1976; Spencer-Brown,
1979; Whitehead, 1929).

This observation leads us to consider the way that we
create and recognize the types that make up behavioral
taxonomies. The process can be illustrated in the follow-
ing way. When trainting undergraduate students in the art
of experimental psychology, it is often necessary to pro-
vide direct demonstrations of some of the problems in-
volved in the investigation of behavior. One technique we
have used requires the students to develop their own be-
havioral taxonomies. We show the students films of male
wolves interacting in a naturalistic setting, and then ask
them to create a behavioral taxonomy that they believe
adequately captures the ongoing behavioral stream ob-
served in the wolves. It always takes heated and prolonged
debate to obtain a set of behavioral types agreeable to all.
The students are then provided with new films and are
trained to identify each type and to count the number of
times that they occur in a given behavioral sequence. Fi-
nally, another new film is shown and time-sampling tech-
niques are used to obtain a description of the behavior
contained in the sequence.

Several striking facts emerge from this technique. First
is the extraordinary variability in the way that students
categorize behavior. Second is the tenacity with which
the creator of a type will cling to it once it is brought into
existence. Third is the length of time required to train each
student in the classification system that they themselves
have created. Fourth is the fact that no two groups of stu-
dents have created the same system to describe behavior,
eve though the same films have been used year after year.
Finally, even though the students spend literally hours
training themselves and others to recognize their be-
havioral types, the interobserver agreement is typit~ally
poor.

Although it is not obvious at first glance, these problems
appear to stem from a single source. Our students describe
behavior in terms of the results of actions, or acts, rather
than in terms of the movements that constitute these acts.
They fail to recognize the difference between behavioral
types and the individual units, or tokens, that constitute
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themn.' It is difficult to see that behavioral types such as
running, chewing, biting, or crouching can be represented
by a variety of behavioral tokens. It is even more difficult
to see that behavioral types are not real events or things.
but, rather, that each type is an abstraction, a collection
of tokens constituting a category of behavior. Unfor-
tuniately, because the tokens that make up each type have
no names, our students are forced to provide such a clas-
sification informally. They point at specific examples of
behavior and assign each of them a type name.

We believe that the majority of scientists tiying to study
behavior have precisely the same difficulty as our stu-
dents. It appears obvious that wolves bite one another,
walk around, crouch, look up, and so forth. To students
and researchers alike, thes types are real, concrete ex-
amples of behavior. Consequently, the tokens that con-
stitute them are never studied.

The relationship between type and token is illustrated
in Figure 1. The bottom line, the universe of movement,
is an abstraction that defines the set of all possible move-
ments for a given species. Two. things should be noted
about this set. First, the species, findeed the specific
animal, is central to the definition of this universe because
anatomy determines which movements are possible for
a particular animal. Second, although movement unfolds
in time, there is no temporal dimension in Figure 1. All
possiible durations of all possible movements define the
universe of movement.

The second line, the to ens of movement, also represents
a set of abstract eoncepts. These tokens comprise all of
the potential movements of the body as expressed in a par-
ticular language. As a subset of the universe of move-
ment, this level contains peculiarities and blind spots
specific to the rules of transcription within the descrip-
tive language that is used; the choice of a language al-
ways results in the loss of information. For example, a
language that is able to describe cmly the major limb move-
ments of an anirma will be blind to finger manipulations
or facial expressions.

At the next level, tokens are combined into the classes
that we refer to as behavioral types. t is at this level that
most observers intuitively describe behavior. The
processes used to group various tokens into types are
poorly understood, but whatever the method, the observer

TOKENS Fi1 Ffl -
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is typically unaware of it. The tokens used to generate
behavioral types are not represented in natural languiage.
Only the behavioral types themselves are expressed in
words or symbols. Obviously, the tokens that an individual
is able to recognize largely determine the content of the
behavioral types created by that observer. In addition,
even when the names of the type used by each student
are the same (e.g., approach, threat, submit), the tokens
encompassed by each may differ, in some cases dramat-
ically.

The distinction between type, and token leads to a seri-
ous concemn. Meantingful comnparisons may be made
among empirical or theoretical constructs only when ob-
servers use behavioral types with identical contents. lifthe
contents of identically named types differ among ob-
servers, then the relationships among the types must also
differ. Consequently, we warn our students to take great
care when they use they generated from a particular tax-
onomy. Such theory may be limited no so much to the
sample of behavior from which it was derived, but to the
specific observer who generated the data. These concerns
are even more crucial when we try to relate behavior to
the nervous system. lIfthe behavioral taxonomy is based
on inappropriate criteria, then there can be little hope of
finding a neurological basis for the nonexistent "be-
haviors" (Fentress, 1984; Gray, 1982).

THE CLASSIFICATION OF BEHAVIOR

Althogh we have become more anre that unwonscious bias
is often bard to avoid, the goal of objectivity remains the
foundation on which the success of science rests. No lkw
than in Galileo's day, the deliberate introduction of ideo-
logical preconceptions Rino the scientific process undermnines
its integrity. (Davis, 1984, p. 294)

If we accept that the way in which we describe and clas-
sify events in the behavioral world will determine the be-
havioral and neurological models that can be derived frmm
it, then the techniques used to describe and elassify events
are of crucial importance. It may be worthwhile to con-
sider the various ways in which we extract units from the
behavioral stream, and then to consider such techniques
in light of what we have learned by observing our students.

Although a multitude of methods are used to classify
behavior, the most popular is functional classification: Be-
havior is classified by its consequence. Such classifica-
tion appears to be both objective and convenient; when
a particular goal is accomplished, a behavioral type is said
to have occurred. This way of describing behavior says
nothing about the movement or action that achieved the
goal, but only that the goal has been reached (Hinde, 1982;
LAshley, 1952).

The functional criterion has powerful hintuitive appeal.-
Indeed,

One of the most prominent feature of the behavior of
animals is tht it is godl directed. Animals seek food or water,
move to a shady place, or explore a novel feature of the en-
vironment; man turnis up the thermostat when it is cold,
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works overtime in order to buy a new car, or gets up early
an Sundaty morning to play golf. (Mogenson & Phillips.
1976. p. 190)

This statement seems to be irriefuitable. Moreover, power-
ful arguments can be offered as a rationale for the use
of functionally defined behavioral types. First, such a
description refers to all possible behaviors that could lead
to a specific outcome. Thus we have a descriptive short-
hand that allows highly variable instances of organized
movement to be grouped as general instances of goal-
directed behavior. Second, humans can recognize be-
haviors as analogous to one another even if they differ
in form (Lorenz, 1974).MTird, behaviors that are identi-
cal in form may not be homologous (Lorenz, 1974). For
example, the kiss of a father, a lover, or a Judas Iscariot
must be classified differently, even if the movemnents that
constitute the kiss are identical. Fourth, funcitional descrip-
tions may bring attention to environmental consequences
of the behavior that would have remained unnoticed if it
were merely described physically (Hinde, 1959, 1970).
Finally, to the extent that a goal is physically defined, the
environmental consequences can serve to designate the
beginning and the end of a given behavioral sequence.

Radical Behaviorism
The most influential behavioral taxonomy based upon

the functional classification of behavior has been Skin-
ner's (1938) concept of the operant. Skinner analyzed be-
havior in terms of its impact on the environment. This
strategy is similar to the one used in naturalistic observa-
tions in that behavior is classified according to outcome
classes (e.g., feeding, fighting, mating). However, Skin-
nier's formal taxonomy is more elegant; it greatly simpli-
fies the classification problem. Rather than a multitude
of goals, a behavior has only one. If it manipulates the
environment, then it is an operant; if it does not, then it
is something else. The movements that constitute the be-
havior, or the species that produce it, play no important
role in ths kind of analysis.

It is important to note that the operant, defined in this
way, is neither a temporally nor a spatially extended bio-
logical event. Rather, it is a type of behavior formally
and powerfully defined by its consequences. Thus, the
study of the operant is not the study of behavior or ac-
tion; rather, it is the study of the impact of behavior on
the environment--th study of work. Defined in this way,
the operant captures neither the spatial nor the temporal
organization of the behavior of fth species; instead, it cap-
tures the interaction of behavior with the environment.
Skinner cleary delineated the nature of the operant in just
this way:

The unit of a predictive science is ..-. not a response but
a class of responses. The word operant will be used to
describe that class. The term emphasizes the fict that the
behavior operates upon the environment to generate con-
sequences. The consequences define the properties with

Crespect to which the responses are called similar. (Skin-
ner, 1953, pp. 64.65)

In the laboratory, the definition of the operant is fur-
their refined. There, what unites all operants is a comn-
mon impact on the environment: a microswitch is closed.
T'hose studying the operant demonstrate impressive con-
trol of behavior as classified by the operation of
microswitches. Behaviorists have worked out operant
rules that are powerful predictors of behavior in the Skin-
rier box. Unfortunately, as their application has been car-
ried forward, the rules have been treated as if they ap-
plied to biological events: The rules found through the
..experimental analysis of behavior" have come to be ap-
plied to behavior in general rather than to the operant.
As a result, highly confusing data have accumulated.

For example, Breland and Breland (1961, 1966) found
that several species exhibit behaviors, typically classified
as operants, that are not responsive to operant contingen-
cies." In a comprehensive review, Shettleworth (1972)
pointed out more explicitly that many species exhibit be-
haviors, claissified as operants, that do nox follow oper-
ant rules. She urged that naturalistic observation be used
to generate a catalogue of behavior that allows us to recog-
nize behavior in its various foirms (for reviews, see Dom-
jan, 1984; Dorijan & Galef, 1983; Shettleworth, 1972,
1983a).

A parallel development occurred in the applied setting.
Clinicians found that behavior-modification programs
worked well under some circumstances but not under
others. Schedules of reinforcement were found to con-
trol only certain forms of human ",ehavior," and only
under certain conditions. Although certain behaviors could
often be controlled, there were cothe behavioral types that
did not appear to follow operant rules. These behaviors
existed without performing work. They were actions, not
operants.

Similar problems emerged in the behavioral sciences
and behaviorally based neurosciences (see Bolles, 1967).
Here, as in the operant tradition, the classification of be-
havior was laboratory based (e.g., barpresses, errrs in
a maze, grams of food consumed, and reaction times).
Because laboratory instruments were used to classify be-
havior into types without specific recognition of individual
tokens, behavioral tokens were not formally defined. As
a result, many behavioral theories were designed to ac-
count for type of behavior as defined by laboratory in-
struments. This forced neurobiological investigators to
treat the identified behavioral type as the phenomena for
which they were toproid mechanistic accounts. Un-
fortunately, evidence for the validity of these behavioral
type was not found in the brain. Moreover, the tokens
that constituted the behavioral types were invisible to such
theory; the organization of behavior as it unfolded within
a spatial and temporal context was lost both in the data
base and in the theoretical accounts. In the end, the use
of laboratory-based classification of behavior yielded a



OBSERVATIONS 7

meager taxonomy that, some argued, was neither ecolog-
ically nor neurologically valid (cf. Johnston, 1981;
Uttal, 1978).

Ethological Perspectives
The observations outlined above indicate that a fun-

damental problem exists in the data base of the behavioral
sciences (Johnston, 198 1). In the laboratory, types of be-
havior are often defined with an eye toward ease of mea-
surement rather than toward their ability to represent be-
havior as it unfolds in other contexts. As a result, theory
constructed from arbitrary laboratory-based types may
generalize only to a situation similar to that found in the
laboratory (see Gottlieb, 1976). This realization led some
to suggest that the behavioral types used in the labora-
tory must be representative of "real" behavior as it oc-
curs in the life of the organism. Naturalistic observation
became a key to the research process.

The function of naturalistic observation is to reveal
biologically imnportant types of behavior, the relationships
among those types, and the circumstances under which
they occur. The elegance of this approach resides in the
fact that an organism, responding in its home environ-
ment, provides us with behavioral concepts common to
both the laboratory and the "natural" world (e.g.,
Alley & Shaw, 198 1; Cole, Hood, & McDermott, 1982;
Domnjan, 1984; Eibl-Eibesfeldt, 1979; Garcia, Rusiniak,
& Brett, 1977; Hinde, 1970; Hoyle, 1984; Johnston,
1981; Rozin & Kalat, 1971; Shettleworth, 1972).

This view is based upon the idea that a properly con-
structed behavioral taxonomy consists of types that can
be studied either in the laboratory or in the field.
Laboratory-based behavioral data can be used to predict,
and perhaps control, behavior as it unfolds in more com-
plex settings, and the fildd-based data can be used to guide
and validate laboratory investigations. Behavioral types
could be obtained using strategies far more rich and yet
less formal than Skinner's. This strategy is based upon
the model offered by the European ethologists (e.g.,
Lorenz, 1950; Tinbergen, 1951).

Ethologists; spend time, often years, observing the raw
unclassified behavioral stream, simply watching behavior
in a variety of situations. Eventually, intuitive breaks in
the behavioral stream are found. These behavioral breaks
exhibit characteristics of two kinds: Highly stereotyped mo-
tor patterns, or a stereotyped impact on the environment.
A behavioral unit is defined by its motor pattern or by its
environmental consequence. Thus, the "gaping" respons
of young nestling birds or the egg-rolling pattern of a nest-
ing greylag goose (Lorenz & Tinbergen, 1938/1970; Tin-
bergen, 195 1) was recognized by its movements, whereas
the hoarding activity of a bird (Shettleworth, 1983b), the
homing behavior of a digger wasp (Tinbergen & Kruyt,
1938), or the burying behavior of a rat (Pinel & Treik,
1978) was recognized by its consequence.

Tinbergen expressed the following opinion:
Because it is our task to analyze behaviour as co-ordinated
muscle activity, the ultimate aim of our description must

be an accurate picture or the patterns oftmuscle acton. Ex-
cept in some especially simple cases, this has never been
done, probably becatse most workers are only dimly aware
of the inecessity. (Tinbergen, 1951, p. 7)

In contrast, others argued that the description of mus-
cle activity or movement is "not only impracticable, but
also unnecessarily refined and cumbersome" (Hinde,
1970, p. 569), and that such a behavioral taxonomy "is
unsuitable in some cases because of the complexity of the
data it provides and in others because the data cannot be
subdivided into classes with objective validity" (p. 13).

Each of these strategies has its advantages and its dis-
advantages. When describing behavior by its motor pat-
terns, ethology stays close to behavior as it occurs, but
is confronted with an overwhelming amount of detail.
When describing behavior by its consequences, the im-
pact of movement upon objects in the environment is cap-
tured, but the form of the movement is lost. In practice,
these two strategies were often blended or used inter-
changeably.

Once behavior is classified, data coliection begins.
Ethologists spend time, again often on the order of years
or decades, collecting and analyzing data. During this
time, categorization schemes are refined or altered to ac-
conmnodate current hypotheses and newly noticed be-
havioral characteristics. With increasing knowledge, the
categorization schemnes can increase in sophistication and
technique. With an increased understanding of behavior,
the ethologist can use several strategies to categorize be-
havior. For example, various behaviors can be catego-
rized on the grounds that they share common causal fac-
tors, they are acquired in the same way, they lead to the
same consequences, or they are evolutionarily related (see,
e.g., Dewsbury, 1978; Hinde, 1959, 1970, 1982).

The advantages of this multilevel strategy (e.g., Hinde,
1970) made it the method of choice in the naturalistic study
of behavior. However, the complexity involved in recog-
nizing and counting behaviors categorized in this way
precludes the use of Skinner's technological approach to
data collection. The recognition of behavioral types, and
the counting of them, can be done only by humans, not
by mechanical instruments. The human observer, then,
has to be trained to record data as reliably as any other
instrument. In effect, the observer has to be trained to
behave like a microswitch in a Skinner box. The classifi-
cation strategies, the conclusions, and, as we have seen
above, the theories based upon this kind of datum depend
crucially upon the ability to calibrate the human observer:
Ethology depends crucially upon the assumption that data
collected in one place and time are comparable to data
collected at another place and at a different time.

Observing Observers
Students of behavior assume that observation allows an

objective assessment of the important characteristics of
ongoing behavior. Ironically, it was the observation of
our students that taught us to suspect the veracity of this
assumption. Our students seemed to be unable to classify

C 1



8 JACOBS ET AL.

bchavior objectively or to record consistently the occur-
rencc of behavioral types that they themselves had defined.
In order to support our suspicion that these are universal
charactristics of the human observer, we found it instruc-
tive to turn from studies of animal behavior to studies of
observers themselves.

After behavioral types have been defined, observations
are initially carried out by those who created the tax-
onomy. Later, the taxonomist may train students, who
may in turn train others. Unfortunately, several studies
have shown that this commonly accepted approach pro-
foundly degrades the quality of data taken from the field.
For example, Taplin and Reid (1973) and Wildinan,
Erickson, and Kent (1975) showed that observers trained
to use identical observational criteria, but by different in-
structors, recorded markedly different data. Apparently.
instructors train observers idiosyncratically, even when
guided by explicit observational criteria. Furthermore, the
nature of observational data is affected no only by the
trainer, but also by the training method. Observers trained
through direct observation of behavior will later record
field data differently than will observers trained through
the use of videotapes (Kent, O'Leary, Dietz, & Diament,
1979).

More importantly, it appears that human observers do
not record behavioral data consistently or objectively. For
example, the behavioral records produced by the observer
tend to become increasingly stereotyped as the observer
gains experience with the members of a population un-
der observation. This effect, known as ipsative drift, in-
dicates that the sensitivity of the recording device changes
as a function of experience, becoming less sensitive to
variations in behavior over time (Redfield & Paul, 1976).
Moreover, low variability in the observational material
can quickly render the observer insensitive to variations
in the ongoing behavior (Mash & Makohoniuk, 1975;
Mash & McElsee, 1974).

The criteria that observers use to classifyr behavior are
also influenced by the circumstances under which the
recording takes place. For example, when observers are
told they are undergoing reliability checks, interobserver
agreement is typically greater than 70%, but when the
same observers are checked without their knowledge,
agreement drops precipitously (Kent, Kanowitz, O'Leary,
& Cheiken, 1977; Reid, 1970; Taplin & Reid, 1973). In
addition, if observers are aware of the outcome expected
by the principal investigator, they change the criteria used
to record behavior. This effect is even more pronounced
if they are given feedback by the principal investigator
regarding the quality of the observational record (Kent,
O'Leary, Diaxnent, & Dietz, 1974, Shuller & McNamara,
1976). Moreover, observations may be influenced sim-
ply by the affective qualities of the names given to vari-
ous behavioral types. Observers record the occurrence of
a behavioral type more often if it is given an affectively
negative label than if it is given a neutral or positive label
(Parkas & Tharp, 1980).

C,Several other factors influence the criteria used by the
human observer during data collection. For example, in-
creasing the complexity of a classification scheme, or in-
creasing the level of inference required to type behavior,
decreases the accuracy of behavioral recordings (lowes,
Reid, & Patterson, 1974; Longabaugh. 1980; Mash &
McElwee, 1974; Taplin & Reid, 1973). Furthermore, ob-
server performance fluctuates as a function of fatigue, for-
getting, and motivation, an effect known as observer de-
cay (Campbell & Stanley, 1966).

Finally, the criteria used by human observers to record
behavioral data are unstable across time. For example.
observers "drift" relative to one another over observa-
tional sessions. If observers do not have the opportunity
to collaborate (as in most studies done in separate labora-
tories), the interobserver agreement systematically
decreases over time. If they coliaborate, the agreemetici
within collaborative pairs remains at a high level, but the
pairs of collaborators drift relative to one another. This
effect, known as consensual observer drift, is often dra-
matic. Initial agreement among all observers may be in
the 60%-80% range at the beginning of a study, remain
in that range for all collaborative pairs throughout the
course of the study, and yet lie within the 20%-40% range
among noncollaborators at the end of the study (DeMaster,
Reid, & Twentyman, 1977; Kent et aL., 1974; Roman-
czyk, Kent, Diament, & O'Leary, 1973; Wildman et al.,
1975).

There are those who will argue that distortions in ob-
servationally based data are distributed evenly through-
out behavioral records and across laboratories. We claim
that this assumption is not justified. Many of these biases
are systematic and develop over time, others are not sta-
ble across time. There is no known way to avoid the er-
rors, or to distribute them evenly throughout the obser-
vational records. No known techniques allow us to
measure and remove error from our observational records.
These studies have a single, devastating implication. The
typical observational study relies upon an instrument
whose sensitivity, range, and accuracy fluctuates over
time in an unpredictable manner.

This litany of findings suggests that those interested in
the observation of behavior are faced with serious
problems. If different investigators train observers, then,
although the behavioral taxonomies used by different
laboratories may be composed of nominally identical
types, the tokens that constitute each type may differ.
Moreover, if the same investigator changes training
methods, then the data subsequently collected will no be
comparable to those collected earlier. In addition, data
collected by an experienced observer may not be com-
parable to data collected by an inexperienced observer,
or even to data previously collected by the same observer
(for reviews, see Boice, 1983; Harris & Lahey, 1982;
Kent & Foster, 1977; Longabaugh, 1980). With the
problems of observer drift, ipsative drift, observer de-
cay, and the other factors outlined here, empirical and
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theoretical comparisons among laboratories observing
nominally identical materials may be meaningless.

Biases in Observation

Modern Ethology's greatest oppowtunity is also its most
difficult to realize: we must use the ethological perspective
to extend our knowledge of Homo Sapiens. Our own an-
thmpornorphic biases give us a curiously for~eshortncd per-
spective which makes it difficult not to consider the species
as a special creation, somehow exempt from the evolution-
ary continuum.... We are often, as von Frisch taught us,
blind to our own blindlness. We cannot readily see what evo-
lution did not design us to see, or perhaps to think or imag-
ine beyond the built in lirnits of the system. (Gould, 1982,
p. 489)

The data surveyed in the previous sections give us rea-
son to assert that the observation of humans and other
animals is fraught with difficulty. Yet some might argue
that our current observational techniques, no matter how
poor the resolution, will ultimately direct us toward via-
ble behavioral taxonomies.

We are niot so optimistic. When beginning an observa-
tional study it is all too easy to impose preconceived be-
havioral categories on the material being studied. In-
trospectively derived concepts such as fear, anxiety,
hunger, thirst, and play are intuitively reasonable, but the
behavior of other species, or even our own, may not be
organized around such inferred states.

The human observer suffers from another fundamen-
tal flaw, the flaw of seeing behaviors that conform to the
pattern of adult human experience. Researchers studying
human development have long recognized the pervasive
influence of intuitive categorization. Adults invariably
view infant behaviors as if they were nascent adult be-
haviors, as if they were performed in order to accomplish
an end, or as if they were directed toward a goal easily
recognized by adults (Hopkins, 1983; Mackay, 1972;
Mitchell, 191 1; N. Oppenheimn, 1898; R. W. Oppenheim,
1980). This implies that the ways in which the behavior
of any species is categorized are inevitably influenced by
anthropomorphic biases. In the analysis of behavior, we
bias our observations through the use of classification
schemes that reflect the way that we categorize our own
behavior, and further distort our observations by incon-
ststently recording the occurrence of such behavioral
types. As a result, we can in no way be confident that
observations recorded using such taxonomies and metho-
dologies have any validity as a description of the behavior
of any species. 3 IThis produces an additional dilemma for
the neuroscientist who may attempt to find naeua corre-
lates for behavioral types that exist only within a subjec-
tively derived taxonomy.

The acceptance of intuitively based methods of be-
havioral classification leads to other plausible, but possi-
bly incorrect, concepts. For example, concepts that are
fundamental to our thinking, such as the goal directed-
ness of behavior (ITolinan, 1932), the functional equiva-
lence of responding (Lashley, 1952), and the division of

behavior into consummatory and preparatory classes
(Konorski, 1967). depend upon the a priori acceptance
of introspectively derived, but possibly incorrect,
categories of behavior.

FORMAL METHODS OF
BEHAVIORAL OBSERVATION

When behavior is being observed in the laboratory or
a naturalistic setting, the inferential nature of the data is
not explicit: We believe our data to be objective and real.
It would be to our advantage to develop a method to for-
malize the way that behavioral tokens are defined and tran-
scribed from the behavioral stream. With formal specifi-
cation, the contents of a type would be known and subject
to public scrutiny. Our notions concerning the classifica-
tion and organization of behavior would then be vulnera-
ble to empirical disconfirmation.

To this end, we reconize that behavioral types are com-
plex movements, made up of multiple components, and
that each of these components may be involved in many
types of behavior (Satinoff, 1982). If behavior could be
described using formal records of movement, the tokens
that are constructed could be accurately communicated
to others. It would then be possible to conduct a meaning-
ful debate concerning the way in which the behavioral
type are Created.4

There is a substantial literature that supports this posi-
tion. Several lines of investigation indicate that, by using
refined and objective analyses of movement, it is possi-
ble to circumvent many of the problems we have outlined.

Facial Expressions
Ekmnan and Friesen have successfully characterized hu-

man facial expression by creating a formal notational sys-
tem (Ekmnan & Friesen, 1978a, 1978b, 1978c). The Fa-
cial Action Coding System (FACS) is a system that allows
the formal description of the patterns of muscle action in
the human face.

Prior to the development of FACS there was no ade-
quate way to describe the behavioral tokens of facial
movement. As a result, researchers relied on intuitively
defined types of behavior. With FACS, the tokens of fa-
cial expression are derived ftrom anatomy and are recorded
in terms of specific sets of muscle contractions. It is then
posseible to create explicitly defined higher level categories
such as a"smile" or "grimace." For example, theorists
can formally define what they mean by "an expression
of disgust" and be confident that their definition will be
unambiguously communicated to colleagues in other
laboratories.

The data gathered thus far are impressive. For exam-
ple, some have argued that facial expressions are species-
typical, whereas others have held that facial expressions
are determined by culture (Birdwhistle, 1952; Chapple,
1940, 1949, 1970a, 1970b; Darwin, 1872). FACS has
been instrumental in demonstrating that certain expres-
sions are universal in both literate and preliterate cultures

(( rn
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(Eibl-Eibesfeldt, 1972; Ekman, 1972, 1973; Ekmnan &
Friesen, 197 1), and in delineating precisely which aspects
of facial expressions are culturally determined (Ekman
& Friesen, 1969, 1975). FACS has also been used in clin-
ical assessment and treatment, providing insights in psy-
chotherapy (Ekman & Friesen, 1968, 1969) and pain
research (Craig & Patrick, 1985; Craig & Mrachin, 1983;
LeResche & Dworkin, 1984).

Taste Hedonles
A similar type of formal descriptive system has deve-

loped within the motivational literature. Grill and his as-
sociates (e.g., Grill & Norgren, 1978) have taken a novel
approach to the study of feeding. They have used detailed
analyses of stereotyped response patterns to infer the
hedonic reactions of rats to various sorts of taste stimuli.
The infusion of a sweet solution into the mouth of a hun-

gry rat elicits "appetitive" protrusions of the tongue and
rhythmic movements of the mouth. In contrast, infusions
of an unpalatable quinine solution evoke a "rejection"
sequence consisting of gaping, chin rubbing, head shak-
ing, face washing, forelimb flailing, and paw rubbing.

Using these identified response patterns, it has been pos-
sible to enrich the analysis of hedonic responses. Young
(1966) asserted that there was a one-dimensional hedonic
continuum ranging from like to dislike, whereas Berrdge
and Grill (1983) found that rats will respond to some so-
lutions (e.g., ammonium chloride) with a combination of
appetitive and rejection reactions. These data indicate that
there are at least two separate hedonic dimensions for
taste. Similarly, it has been found that rats will avoid su-
crosc solutions that have been paired with either toxico-
sis or electric footshock, but only in the first case will
the rats react to the taste of the sucrose as if it were un-
palatable (Pelchat, Grill, Rozin, & Jacobs, 1983). In the
case of shock, rats briefly respond to the infusion of the
sucrose as if it were palatable, then jump away and cower
at the back of the cage. It appears that the rats like the
taste but avoid consuming the food, much as humans will
avoid eating a food that gives them hives, although the
taste remains pleasant (Pelchat & Rozin, 1982).

ClinIcal Applications
In clinical populations, it is widely recognized that

different disorders are characterized by stereotyped pat-
terns of "nonverbal behaviors" or movements (e.g., Hill,
19174),' and there are several lines of evidence which in-
dicate that careful examination of movement may provide
important insights into mental disorders. These include
suggestions that valid diagnosis requires an examination
of behavior in its entirety (Pansa-Henderson, -de L'Horne,
& Jones, 1982), that nonverbal behavior is closely related
to the pathophysiological substrate (World Health Organi-
zation, 1983), and that it is more difficult to consciously
alter nonverbal behavior than one's words (flelmchen &
Renfordt, 198 1).

Several research groups have applied techniques for
recording and measuring characteristics of movement to

the study of clinical populations. For example, Condon(
and his associates (e.g., Condon, 1977, 1979; Condon
& Brosin, 1969; Condon & Ogston, 1966. 1967) have
studied the interaction of speech and nonverbal behavior
in the communication of messages. T1hey noted that
listeners can be very clear about what a persoti said and
meant in the rapid flow of conversation, without being
able to tell precisely how they knew (Condon & Ogston,
1967).

By analyzing a film and its soundtrack frame by frame,
Condon and Ogston (1967) notated changes in the direc-
tion of movement of all body parts and found that this
allowed themn to define "process units." These behavioral
units begin whenever at least two body parts change direc-
tion simultaneously, and end wvhen the movements of these
body parts are no longer coordinated.

Condon and Ogston (1966, 1967) found that process
units coincided in time with linguistic units to a remark-
able degree. In fact, process units almost always shared
beginnings and endings with linguistic units in all non-
pathological subjects. The authors called this coincidence
of movements and speech "self-synchrony." It was es-
pecially important for their interest in communication to
discover that the body movements of a listener ame also
coordinated with the speech and body movements of a
speaker (Condon, 1977. 1979; Condon & Ogston, 1966,
1967). This "interactional synchrony" appeared to play
a role in the perception of meaning. This synchrony has
been found in infants as soon as 20 min after birth (Con-
don & Sander, 1974). Condon (1979) suggested that this
synchrony may facilitate the discrimination of different
phonetic units by infants: The structure of the speech may
be revealed to them by the structure of their own body
movements.

This self-synchrony breaks down in certain forms of
pathology. For example, Condon and Brosin (1969) found
that an aphasic subject showed a delay in voice onset of
approximately 42 msec, relative to the onset of a motoric
process unit. In a stutterer, body motion began prior to
the onset of speech, and certain hand movements were
out of phase with those of the head. A depressive patient
exhibited dyssynchrony between certain fingers and the
rest of the body, and, during a stressful utterance, between
the head and the eyes. Many schizophrenics also displayed
dyssynchrony between movement and speech. For exam-
pie, in a catatonic schizophrenic, movements of the eyes
and mouith were out of phase, and in a paranoid
schizophrenic, movements of one arm were out of phase
with the rest of the body and with speech during a stress-
ful utterance.

interestingly, autistic children were found to move in
synchrony with environmental sounds, but not with
speech. Furthermore, autistic children revealed an unusual
formn of dyssynchrony in which they moved in synchrony
with a sound as it occurred, but failed to habituate to
repeated presentations of the same sound. This pattern cul-
minated in violent jerks that occurred at predictable in-
tervals (Condon, 1979).
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A second technique for analyzing movement during
clincial interviews was developed by Frey and his col-
leagues (Fisch, Frey, & Hisbrunner, 1983) to examine
the movements of depressed subjects aver the course of
recovery. In their system, positions of body parts were
coded in various dimensions for every frame of a video-
tape. As expected. Fisch et a]. (1983) found that depressed
clients exhibited reduced motor activity, monotony and
poverty of movement, and difficulty in initiating move-
ment, symptoms long associated with depression. What
was unique about this analysis was that these symptoms
were formally and objectively quantified. Fisch et al.
found that as patients recovered from depression (accord-
ing to psychiatric ratings), they displayed increased mo-
tor activity, more complex patterns of movement, and
more rapid initiation and termination of movement.
Although the changes in the complexity of movement with
recovery were small, too small to be readily discerned
without the aid of the formal measurement system, they
were so systematic that it was possible to use this mea-
sure to quantify various stages of recovery.

Summary
The research described in this section covers topics

ranging from taste hedonics in rats to psychiatric disorders
in humans. Nevertheless, all research projects are simi-
lar in one important respect: Each uses a taxonomy based( upon formal description of behavioral tokens in terms of
motor responses. That is, the foundation of each taxonomy
is a formal set of behavioral tokens with which formal
behavioral types can be defined unambiguously.

This approach has several advantages. First, the same
behavioral type can be used with confidence at all times,
by all investigators, even those working in separate labora-
tories. Second, theoretical debate based upon the results
of such studies may be carried on in a coherent manner.
Because each program uses a behavioral taxonomy based
upon formally defined tokens of behavior, the resulting
behavioral types are not lapidary, but are subject to refu-
tation and falsification.

These considerations are critical to the study of the
neurobiological basis of behavior. The use of a formal
system permits a fine-grained description of the complex
movements that constitute behavior. A precise knowledge
of these units is necessary for determining the substrates
of coordinated behavior. In turn, an adequate understand-
ing of motor "output" systems may provide a path to the
identification of neural systems involved with higher levels
of integration. For example, Grill and his colleagues have
utilized information gleaned from their analysis of taste
reactivity in the study of central mechanisms of taste, in-
gestion, and taste aversion learning (see Grill & Berridge,
1985).

There is much to be gained by studying behavior in
terms of explicitly defined behavioral types and tokens.
At the same time, we do not discount the importance of
functional analyses of behavior; even those who use ex-

plicit behavioral taxonomies argue the necessity of func-
tional analyses (e.g., Grill & Berrdge, 1985). However,
a functional approach can be assisted only by the clear
definition of behavioral types and tokens. We propose that
formal and rigorous analyses of behavior must be firmly
rooted in formal and explicit descriptions of movement.
The following section describes a powerful method of ex-
ecuting such analyses.

THE ESHKOIL-WACHMAN
MOVEMENT NOTATION SYSTEM

The Eshkol-Wachman (E-W) Movement Notation Sys-
temn (Eshkol & Wachman, 1958) was used initially as a
choreographical tool to make permanent records of dance
sequences in a form that allowed them to be fully recon-
structed at a later time. Because it is a movement nota-

F~gure 2. A possible configuration of limb segments hIn ahuman.

III
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tion rather than a dance notation, the E-W system can (4

be used to notate any possible movement independent of
a stylistic bias. This makes it ideally suited to the task3
of providing formal and objective descriptions of be- (
havior.6

The E-W system treats the body as a set of limb seg- 
menits, where a limb segment is defuined as any part of
the body that lies between two joints or between a joint 
and an extremity. Figure 2 illustrates a possible configu- 2) 2.~ !/'
ration of limb segments in a human. 3 ) 

To understand how movements are conceptualized in - - -- -.

the E-W system, first imagine a limb moving about a par-
ticular joint (see Figure 3). In this particular instance, the -

proximal joint is referred to as the carrying joint. In the2 -

E-W system, the movements of any limb segment are

F~gure 4. An Eshkol-Wacthman sphere with coordinate tines
miarked at 45' hItervas. Positions orn the marface of the spbere amc
specified by two coordinates that Indicate displacement In the ver-
tica! (upper number) and horizontal (lower number) planes.

described relative to an imaginary sphere centered at the
carrying joint. The other end of the limb segment traces
a path on the surface of the sphere (see Figure 3).

The sphere, like a geographer's globe, is marked by
coordinates analogous to lines of latitude and longitude
(see Figure 4). T7hese lines may be "graduated" to the
degree of resolution required by the investigator. Thus,
the position of any limb segment may be specified by two
coordinates, analogous to the lines of latitude and longi-
tude of the geographer's globe.

The system defines limb movements using variables
such as the initial position of the limb; the direction of
the movement (clockwise or couniterclockwise); and the
final position of the limb. One movement is distinguished
from the next whenever the value of any of these varia-
bles changes. The notation describes a movement by its
initial position, its final position, and the trajectory fol-
lowed between them.

The fundamental elements of the notation are the
records of limb position and trajectory (the transition be-
tween positions). The movement of any limb can be de-
fined completely in terms of its initial position and sub,-
sequent trajectory, with the final position of one movement
also serving as the initial position of the next movement.
The notation of behavior in terms of trajectories and po-
sitions allows the researcher to describe behavior either

Figure 3. An Eshkol-Wachmnan sphere centered at a shoulder by the movements involved or by the body positions
Joint. The path of the elbow Joint (the other end of one limb seg- produced. and to alternate freely between the two per-
utnct) is traced on the surface of the sphere. spectives even in the analysis of a single behavioral se- (
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quence. As the observer alternately categorizes behavior
by movement or by body position, however, the choice
of behavioral types is always explicit and objective.

A second key feature of the E-W system arises from
the coordinate system used to describe movement. The
coordinates can be defined with respect to a sphere cen-
tered on the carrying joint of a limb, or a partner involved
in the movement, or a fixed feature of the environment.
For example, consider a couple waltzing. The movements
involved in the dance may be described in terms of the
relation between adjacent limb segments of an individual
dancer, in terms of the limbs of one dancer relative to
the partner's body, or in terms of each dancer's body rela-
tive to the orchestra. Although each transcript that is
produced when a given behavioral sequence is notated in
different frame-s of reference is formally equivalent, each
will reveal a unique perception of the organization of the
movements involved in the behavior: one frame will high-
light regularities that another frame obscures.

It is clear that the use of the E-W systemn will permit
the researcher complete freedom to choose the approach
that is most appropriate for the analysis of a particular
behavior. The choice of a particular frame of reference
will determine the kind of regularities of movement and
positions that become apparent, whereas the choice of an
analysis in terms of either positions or movements will
determine the kind of theoretical models that emerge. T'he
key is that the description of the behavior will be un-
biased. The observer's creativity will be captured in the
frames of reference chosen to study the behavior, and
reflected in the elegance of the model developed to ac-
count for the observed movements. The behavioral
description itself will be captured in formal, objective,
and permanent records so that other researchers can com-
pare behavioral data directly, explicitly, and meaningfully
(Schlcidt, Yakalis, Donnelly, & McGarry, 1984). As a
result, theoretical disagreements will be able to focus on
the subjectivity involved in the explanation of the be-
havioral data rather than on the subjectivity involved in
their acquisition.

Applications of the E-W System to the Analysis
of Behavior

The strongest advocate of the use of the E-W system
for behavioral analyses has been Mun Golani (e.g., Eisen-
berg & Gotani, 1976; Golani, 1976; Golani, Bronchti,
Moualem, & Teitelbaum, 198 1; Golani, Wolgizi, &
Teitelbaum, 1979). In his early work, Golani (1976) made
extensive use of the E-W system to describe the social
behavior of jackals and Tasmanian devils. T7his method
of behavioral description revealed marked similarities in
the moveme-nts; involved in the social behavior of these
animals, an impressive feat considering the evolutionary
and anatomical distance between them. By describing be-
havior in terms of the movements of an individual animal
as well as their relation to its partner, the E-W system(allowed the abstraction of common features of behavioral
organization across species with vastly different anatom-
ical structures.

The utility and elegance of thie E-W system for be-
havioral analyses has been further demonstrated by
Moran, Fentress, and Golani (198 1), who used it to ex-
amine the "ritualized fighting" behavior of wolves.
Earlier studies had noted the overwhelming complexity
of the social relations involved in this behavior, but had
failed to capture and descnlbe this complexity because "the
variety and relational nature of the movement of inter-
acting wolves necessitated a conceptual and analytic
framework not [yet] available" (Moran et aL, 198 1.
p. 1 146). The E-W system, because of its multiple frames
of reference, allowed Moran et al. to describe interac-
tions among the wolves more completely. The use of the
E-W system in their analysis allowed "behaviour that ini-
tially appeared as a sequence of unintelligible gestures ...

[to be] understood in terms of straightforward regulari-
ties along several dimensions of movement in real and
interactional space" (p~p. 1162-1163). Through use of the
explicit description and formal analysis of the E-W sys-
tem, what initially had appeared as complex and intricate
behavior patterns fell into highly regular, relatively in-
variant motor processes.

Similar insights have emerged in the work of Pellis
(1982), who used the E-W system to analyze the court-
ship and mating strategies of Cape Barren geese and dis-
covered that pairwise orientation during courtship inter-
actions, as well as the areas upon a partner's body that
are pecked, differ markedly from the pairwise orienta-
tion and pecking strategies exhibited during an aggres-
sive encounter (e.g., fighting). This analysis also showed
that courtship interactions occur throughout the early
stages of the female's reproductive cycle, interactions
previously viewed as aggressive. Pellis (1981) also used
the E-W system to differentiate social play from aggres-
sive interactions in Australian magpies.

Golani and Fentress (1987) used the E-W system to ex-
amine the ontogeny of facial grooming in mice. It was
obvious to them that the complicated morphological
changes characteristic of the development of grooming
in mice required them to abandon a simple "compartmen-
talized" approach (Fentress, 1984). In its place, they used
the E-W system to examine patterns of contact between
the forepaws and face. In their analysis, Golani and Fen-
tress noted that the developmental sequence begins with
a set of many poorly coordinated movements that do not
form sequences as distinict as those seen in adult animals.-
The use of a formal notation system revealed to them how
these first attempts at grooming gradually develop into
a set of a few simple, stereotyped movements which sub-
sequently evolve into the rich variety of precise move-
menits typical of facial grooming in adult mice (Fentress,
1984; Golani & Fentress, 1987).

T'he E-W system has also been an integral part of the
approach taken by Golani, Teitelbaum, and their col-
leagues in a series of comparative studies examining the
behavior of infant rats and of brain-damaged or drugged
adult rats (Golani et al., 198 1;Go~ini et al., 1979; Szecht-
man, Ornstein, Hofstein, Teitelbaum, & Golani, 1980;
Szechtman, Ornstein, Teitelbaumn, & G3olani, 1985). In
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these studies, a formal description of behavior revealed
remarkable behavioral parallels among these uthre prepa-
rations and helped to uncover important underlying prin-
ciples regarding the functional organization of the ner-
vous system.

Much of this work has focused on the analysis of the
behavioral effects of lesions to the lateral hypothalamus
(LH). Following damage to the LH, a rat will perform
motor responses that are directed toward itself (e.g.,
grooming, scatching, yawning, sniffing), but not those
directed toward the external environment (e.g., orient-
ing, scanning, locomoting, biting and licking external ob-
jects) or any "spontaneous" actions. Later in recovery,
the rat will respond to external stimuli, and after further
recovery will perform spontaneous actions in the context
of environmental cues, resulting in apparently normal
".motivated" behavior (Marshall, Richardson, & Teitel-
baum, 1974; Marshall, Turner, & Teitelbaum, 1971;
Teitelbaum, Schallert, & Whishaw, 1983).

Teitelbaum and his associates believed that this pattern
of recovery from LH damage represented the gradual
emergence and reintegration of isolated behavioral sub-
systems involved in postural support, locomotion, orien-
tation, and scanning. However, because each subsystem
recovers separately, at different rates, Teitelbaum and his
colleagues found it difficult to study the dynamics of the
recovery using ordinary observational methods (Teitel-
baum, 1986). To overcome this problem, they began to
use the E-W system to analyze the behavior of LH-
lesioned rats (Golani et al., 1979).

Each LHI animal was filmed throughout the recovery
process, from total akinesia to relatively normal locomo-
tion. A fr-ame-by-frame analysis using the E-W system
revealed a lawful, regular recovery of function in a
cephalocaudal (from head to tail) progression -within each
movement subsystem. This cephalocaudal progression of
limb movemnents is similar to the behavior of a recovered
animal when it is placed in an open field and to the ex-
ploratory behavior of an intact animal (Golani et al.,
1979). Furthermore, a cephalocaudal progression is evi-
dent in the ontogeny of exploratory behaviors in infant
rats, cats, and badgers. The similarity of these behaviors
across species, and in the young or traumatized of a sin-
gle species, suggests that the expression of behavior in
these different contexts shares a common neural substrate.

In a parallel line of research, Szechtman, Golani, and
their colleagues (Szechtman et al.. 1980; Szechtman
et al., 1985) studied the behavior changes caused by the
systemic administration of apomorphine, a dopamnine
receptor agonist, in the rat. In direct contrast to the process
of recovery following LH lesions, an apomorphine-trcated
rat begins a sequence of behavior with excessive loco-
motion along the forward and vertical dimensions. As
these dimensions diminish in amplitude, lateral trajecto-
ries increase, transforming forward locomotion into cir-
cling, pivoting, and, eventually, small lateral movements
of the forequarters. These investigators found that many

of the previously reported stereotyped behaviors elicited
by apomorphine could be explained in terms of the inter-
action of this behavioral regression with different environ-
mental structures, surfaces, and textures.

Finally, Pellis and his colleagues have used the E-W
system to examine similarities between elements of hu-
man Parkinsonismn and the abnormal behavior patterns dis-
played by rats suffering from LH lesions. Using the E-W
system, Pellis, Morrissey, Pellis, and Teitelbaumn (1987)
noted marked behavioral and pharmacological similari-
ties between the loss of contact righting reflexes in rats
with combined LH lesions and labyrinthectomnies and the
axial apraxia characteristic of severe Parkinsonism in
humans.

The examples described in this section demonstrate that
the use of a precise descriptive language can reveal com-
mon underlying principles of behavioral organization. In
ontogeny, in recovery from brain traumna, and following
the administration of a drug, across species and at the level
of social interaction, the E-W system has revealed cores
of behavioral invariance and the hierarchical organiza-
tion of behavioral subsystems. Findings with such broad
generality suggest that the widespread adoption of the
E-.W system will be an invaluable tool for the future
generation of ecologically and neurologically valid ac-
counts of behavior.

implementation of the E-W System
In the research described above, the common proce-

dure has been to film sequences of behavior and then tran-
scri'be them into E-W notation by hand. There is one over-
whelmning obstacle to the widespread use of this method:
The manual transcription of a filmed behavioral sequence
into movement notation is extremely time-consuming
(THnde, 1970). This problem has forced some investiga-
tors to restrict their analysis to the movement of a few
limbs, to gross movements only, or to behavior over a
short time span. In addition, it has proven difficult to no-
tate more than small sequences of behavior or the behavior
of more than a few animals (G. Moran, personal com-
munication, 1985). As a result, it has proven impossible
to ensure that the regularities detected in such analyses
represent regularities found in the behavior of all the
animals of a species. Not surprisingly, some investiga-
tors have abandoned movement analysis altogether.

Despite the length of time required to notate behavior
by hand, some advocates of the E-W system feel that this
is a necessary and important part of its implementation.
To many users, the process of notation itself is as impor-
tant as the creation of a precise behavioral score
(I. Golani, personal communication, 1985; G. Moran,
personal communication, 1985). Of necessity, hundreds
of hours of structured observation are required during
which the observer develops both detailed knowledge of
the organism under investigation and insights into the or-
ganization of its behavior. Although we do not dispute
that thoughtful, structured observation is crucial for a full

4
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C understanding of movement or behavior, we do not feel
that the analysis of movement need be restricted by cum-
bersome hand notation.

Computer technology now exists that can record be-
havior without losing any of its spatial or temporal com-
plexity. These systems use either infrared light-emitting
diodes or reflectors placed at the joints of a subject, in
combination with an infrared strobe, to construct stick-
figure representations of the movement of the subject. In
both types of systems, the positions of the joints are de-
tected by two or more video cameras placed at different
angles to the subject. These positions are digitized by the
computer, which then uses the information to create a
representation of the moving organism in the form of a
stick figure on a video monitor. When a joint is blocked,
ballistic programs are used to interpolate the positions of
the missing limbs (Ferrigno & Pedotti, 1985). Such sys-
tens. can produce a complete digitized record of a sub-
ject's movements.

Calvert and his associates (e.g., Calvert, in press; Cal-
vert, Chapman, & Patla, 1982) have developed a system
that allows a movement notation score to be programmed
into a computer and previewed in stick-figure form. T7his
allows choreographers to compose and preview dance and
skating routines (e.g., Calvert et al., 1982). 1. Golani
(personal communication, 1985) has implemented a sim-
lar system in which E-W scores are translated into stick-

ffigure representations of the original behavior. As T7. W.
V Calvert (personal communication, 198 5) has pointed out,

it sh ould be a straightforward task to reverse this process
so the movement of a subject that has been digitized into
stick-figure form can be translated and subsequently ana-
lyzed in terms of the E-W movement notation system.

We believe that the integration of computer technology
and the E-W system would eliminate many of the
problems currently standing in the way of widespread
adoption of the E-W system by behavioral researchers.
Three advantages strike us as particularly important. First,
the computerization of the E-W system would allow the
behavior of a relatively large number of subjects to be
analyzed at a level of resolution that is impossible with
conventional methods of analysis. Using computer tech-
nology, sufficient data could be collected and analyzed
to ensure the generality of a given behavioral
observation-somnething that is arduous when the E-W
system is implemented by hand. Second, having the be-
havior of an animal captured in a computerized data base
would allow for an analysis of all of the frames of refer-
ence possible in the E-W system. Once a behavioral se-
quence is in the data base, different analysis programs
could easily be applied to the data to produce E-W scores
in each frame of reference. T'his would allow the
researcher to organize easily the subject's behavior from
several different perspectives at once-a task that is
difficult when E-W is implemented by hand. Thir, corn-
puterized transcriptions of behavior would allow
researchers to easily communicate or publish behavioral
data directly and in a standardized format. Schleidt et al.

(1 984) proposed that such data could be transposed onto
bar strips similar to the universal price codes found on
commercial packages. These strips could be published in
journals to allow the reader direct access to the data base
that the paper is based upon.

The proposed computerization of the E-W system is
more than a way of digitizing and storing records of move-
ment. It is an attempt to develop a system for the explicit
and formal notation of an organism's behavior, in a man-
ner that will optimize theoretcal analysis of that behavior.
The initial transcription is not done in E-W notation, nor
is the E-W system necessary to rep the benefits of for-
mal notation. However, we view the E-W system as in-
tegral to this endeavor because it is a language sufficiently
rich to capture the full dynamics of movement, yet suffi-
ciently simple to reveal the organizing principles of the
complex interactions inherent in behavior.

FINAL OBSERVATIONS

Here is the psychologist's difficulty. Common sense
describes behavior in terms of act which name effects of
behavior on the world--eating dinner, throwing a ball, writ-
ing a letter, going to town, welding a ship's plate. But no
nerves lead to dinners, to baseballs, to letter paper, to town,
or to the plates of a ship. Nerves lead to muscles. is is only
movements, no acts, that can be directly explained by the
psychologist. (Guthrie & Edwards, 1949. p. 68)

Each of the authors of this paper has used traditional
methods of behavioral investigation. Thus, as is the case
with many of our colleagues, our initial reaction to
movement-based analyses of behavior was moderate in-
terest, quiet bemusement, and considerable skepticism.
However, after reading (Golani's (1976) seminal paper on
the applications of movement notation to behavior,' we
became considerably more wary of our own methods and
somewhat less skeptical of movement notation.

As a result, we have argued that the formal methods
of behaviorism treat the individual as a dimensionless
point and definie the behavior of an organism in terms of
its consequences. The problem with this system is that
it ignores the form of behavior: it acknowledges that an
organism can press a lever or run a maze, but is insensi-
tive to the way in which the lever is pressed or the maze
is run. This method has provided significant insights into
sensory and perceptual organization, and has provided
powerful models of learning, memory, cognition, and be-
havioral ecology. We do not seek to disparage theSe
achievements. However, treating an organism as an ideal-
ized point tells us little about the behavior of that organ-
ism, sacrificing the very subject of investigation.

On the other hand, we have argued that attempts to
recapture the subject matter by observing behavior directly
lack the strengths of formal analyses and have introduced
problemis that leave much of the data uninterpretable. Most
observational data are based on taxonomies that lose the
spatial and temporal organization of ongoing behavior.
More alarmingly, all of the available evidence indicates

15
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that the elements of intuitively derived behavioral taxono-
mies are, at best, difficult to recognize, record, or com-
municate consistently. The "core of invariance" defin-
ing the perceptual categories may lie more in the
perceptual system of the observer than in the behavior
itself.

Behavioral categories are useful to the extent that they
conveniently organize behavior, can be consistently recog-
nized, and serve as the basis of valid theory. If other, more
simple, more accurate, or more useful behavioral types
can be found, then traditional, intuitively derived
categories must be abandoned. We should retain only
those categories that allow us to detect lawful regulari-
ties in the behavioral stream. Those that fail to do so
should be left to folk psychology.

We are not pleased with these conclusions. It is as if
they were designed to offend the majority of researchers
throughout the behavioral sciences. Nevertheless, we see
no gratceful way to ignore them. Instead, we have sug-
gested that the behavioral sciences could be advanced
through the use of a relatively simple tool: formal move-
ment notation. The adoption of a formal system for notat-
ing movement represents an important advance in the
study of behavior because it allows the physical proper-
ties of behavior to be stated objectively and explicitly in
a readily communicable form.

None of the formal systemns described in this paper pro-
vides a complete solution. Each has its own limitations.
For example, FACS does no record the movement of the
body, whereas the E-W system does not record facial ex-
pression. Few formal systems integrate verbal exchange
with physical movement, a problem of considerable im-
portance if one is studying human social behavior.
However, the use of a formal system allows the researcher
to recognize and compensate for these limitations.

Although we advocate the adoption of whatever formal
system is most useful for a particular investigation, we
are panticularly impressed by the E-W system, which is
unique in its ability to capture the dynamics of movement,
allowing an analysis of both function and morphology.
The ability of the E-W system to notate behavior from
multiple perspectives has allowed researchers to exam-
ine the social interactions of a number of species in ways
that reveal organizing principles of behavior that were
previously unrecognized. It is particularly intriguing to
speculate on the utility of this system in the analysis of
complex human behaviors. Although we cannot predict
what principles of complex human interactions the E-W
system will provide us with, we would be surprised if they
were not substantial.

We anticipate considerable debate concerning the role
of formal movement notation in the study of behavior.
We have already encountered the argument that informal
methods of behavioral observation ame adequate for some
purposes. However, we consider it likel that even in these
circumstances a formal method of describing movement
would produce a more sensitive and accurate description
of the behaviors under study.

Finally, we note that the adoption of a formal language
offers only a begintning. No language can guarantee eco-
logically or neurologically valid units of behavior; those
require empirical evidence, careful thought, and theoret-
ical debate. However, by reducing the obstacles posed
by a capricious and arbitrary data base, the power of a
movement-based approach will be limited not by the abil-
ity of the language to describe behavioral regularities but
only by the experimental ingenuity and inspired intuitions
of those using it.
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NOTES

1. For technical reasons, we find the terms t~pe and joken more ac-
curate than act and movement. These reasons will be discussed later
in the paper.

2. In addition, the system of categorization began to brank down within
its definition. For example, Brown and Jenkins (1968) discovered that
a classically defined operant, the keypeck, seemed to obey Pavlovian
rather than operant nales (see also Jenkins & Moore, 1973, Moore. 1973;
Williams & Williams, 1969). We note that many of the "faiures" of
these operant rules are fours! when the definition is ignored (e.g., Breland
& Breland, 1966; Browai & Jenkins, 1968). That, however, is another

3. Our argument can be stated another way. The types of behavior
used in most sreas of behavioral science may tell us a great dea about
human concept formation and ideology, but they are not accurate reflec-
tions of the actual world. Because of this, our attempts to build theories
of "behavior's have failed to produce any general theory or paradigm.
Many elegant theories have beon developed within paradigms, but in
every ease their field of applicability has been depressingly small. in
effect, our explanations of "behavior" have been explanations of what
humans think behavior is.

4. There may be alternative methods of describing behavior which
are equally explicit but not based in movement. For example, studenrts

of the Feeding of locusts and blowflies have been successful in describ-
ing appetitive behavior in terms of spatial and temporal parameters such
as intermeal interval, meal size, die] rhythmicity, short-term rhythmic.
ity. and time in proximity to food source. The physiological and ana-
tomical mechanisms that underlie the observed behavioral reglarites
are being investigated. When such mnechanisnu are found, hypothesized
behavioral organizatio is validated. When they arc not, the behavioral
taxonomy is discarded and an alternative one is pursued. (For recent
reviews, see Barton Browne, 1975; Bcmays & Simpson, 1982; Dethier.
1976; Simpson & Bernays, 1983.)

On another level, behavioral taxonomics such as that proposed by
Nashner and McCollum (1 983) may be of value. They present a formal
biomnechanical system that is used to generate hypotheses shout the neu-
rological basis of human postural maintenance. Their scheme permits
integration of sensory information and contractile patterns, and when
certain explicit assumptions about the pattern of muscle contractions are
met, rigidly specified predictions about behavior emerge. Although this
system is progressive in that .t integrates neurophysiology and behavior,
it does not yet have sufficient scope to accommodate analyses of corn-
plex behavior such as social actions.

5. Hill (1974) points out that experienced psychiatrists of an earlier
generation used nonverbal behavior as part of the diagnostic procedure.
They noted not only "the more brizar postures, gesture and disorders
of motility of severe chronic mental ilness," but also "the slow move-
ments, flexed posture, diminished motility and lack of spontaneous and
associative movements, the immobile facial expression of the retarded
depressive; the decreased or restricted geneWralnotility but increased
peripheral movements o( the agitated depressiv; the rigid bodily poMStue
and precise movements of the sense obsessional; the Protracted hand-
shake, the searching looks, the persistent eye-to-eye contact of the Pama
noid; and the lack of these and the failure to adopt congruent postures
and to make congruent movements of the schizphrenic" (p. 227).

6. There have been several adaptations of the E-W Movement Nota
tion system. The description of the notation system here is based on
Gotani (1976), Golani el &I. (1981). and Szechtman et al. (1985).

7. Access to a reconstrucion of the behavior tunder csmskderation would
allow anyone to perform either formal or informral analyses of the data .
However, for adequate communication to other researichers, it would
be necessary to prou software that could be used by others to per-
form similar analyses. Such a situation has proved beneficial in other
area or psychology (e.gS.. in formal modeling of cognitive processes)
because it has forced researchers to test the assumptons and implia-
tions of their taxonomnies explicitly. This does not stifle intuition, but
does encourage conceptual Clarity.

S. This paper is an exciting and elegant presentation of the princi-
ples, advantages, and successes of the aplication of E-W notation to
behavioral analysis. Any reader who finds the ideas-presented here of
more than passing interest is urged to turn to ths source.

(Manuscript received July 2. 1987;
revision accepted for publicatioti January 13, 1988.)
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