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First, we review recent efforts to demonstrate language compe-
tence in apes and dolphins. Then, with techniques originally devised
by Herman in his artificial language studies with dolphins (Tursiops
truncatus), we show that smaller brained sea lions (Zalophus califor-
nianus), like larger brained dolphins, are capable of comprehending
signals about a relationship between two designated objects. The
language we used consisted of signs designating properties of size,
brightness, ot location {modifiers), types of objects, and actions.
The results of our experiments with two sea lions support Premack’s
notion that Herman’'s dolphins (as well as our sea lions) relied
principally on two phrase structure rules to comprehend thousands
of novel, unique messages that could be transmitted gesturally by
a “blind” human signaler. One rule instructs the animal to perform
an action directly on an object designated by an object signal and
one or two optional modifiers. The instruction takes the form (Mod-
ifier) + Object + Action. The second rule instructs the animal to
perform an action relative to two designated objects. The object to
be transported and the goal object were assigned their particular
roles by their position in the sign sequence. The relational instruction
takes the form (Modifier) + Object A + (Modifier) + Object B +
Action. Reversing the order of the two object signals in the string
reversed the meaning of the message. For both sea mammals we
found support for Herman's notion that the critical constraint on the
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application of the second rule is memory for Object A (the goal
item). The variables influencing memory for the goal item were: (a)
the number of objects available, (b) bias for certain goal items, (¢)
whether the goal item was fixed in space, that is whether it was a
transportable or nontransportable object, and (d) whether the goal
item (Object A} and the transported item were reversed on succes-
sive trials. :

We conclude that both dolphins and sea lions can be taught
to comprehend sentence-like instructions. The simplified language
learned by these marine mammais depends on the following fearned
cognitive skills: (a) acquiring a repertoire of arbitrary conditional
relations between signals and objects, (b) perceiving and concep-
tualizing objects and events within class and relational categories,
and (c) acquiring a conditional sequential discrimination.

Many of us who are now comparative psychologists, ethologists, and
sociobiologists were, as children, thrilled, intrigued, and inspired by Hugh
Lofting's fictional country doctor, John Doolittle, who could talk with the
animals. As noted by Lorenz (1952), the goal of talking with animals ap-
pears an ancient one and extends back at least to biblical times in the
legend of King Solomon talking the language of “beasts and of fowl and
of creeping things, and of fishes” (I Kings 1V:33). Today we seem to be
realizing our earlier dreams by finding numerous kinds of mental attributes
that “dumb” animals share with linguistically sophisticated humans
(Roitblat, 1987). Right from the start, however, contemporary animal lan-
guage research or ALR (as it has been called by Hoban, 1986) was
considered controversial (Wood, 1973). The crux of the controversy ap-
pears to be centered around the “all-or-none” question of animals (partic-
ularly anthropoid apes) being capable of communicating linguistically. Fur-
thermore, Premack (1986) and Hoban (1986) suggest that language is
not a unitary phenomenon, probably did not evolve solely from call systems
of nonhuman primates, and does not function exclusively as a communi-
cation system. They contend, rather, that the antecedents of human lan-
guage are multifaceted and include some of the following “higher order
mental processes”

(a) storing networks of percepts to form concepts,

(b) using symbols to refer to objects and events,

(c) organizing events into a serial order.

These and other linguistic abilities frequently depend on higher order con-
ditioning that allows associations to be formed between the signais them-
selves, producing “logical worlds . . . buiit of concatenated stimulus events”
(Hollis, 1984).

Currently many investigators in ALR, despite earlier controversy,
agree that anthropoid apes, unlike most 5-year-old children, are not linguis-
tically competent enough to produce or comprehend an intelligible sen-
tence. However, with training, they are capable of semantic communication
using multisign sequences (Miles, 1983). They can communicate this way
with their teachers and/or with one another in either Pidgin Sign English
(Fouts, Fouts, & Schoenfeld, 1984), or in an artificial language consisting
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of visual symbols (Savage-Rumbaugh, 1986). With few exceptions, the
earlier all-or-none focus of ALR on grammatical competence has been
abandoned in favor of attempts to describe and understand the emergence
of symbolic communication capabilities in animals as a function of species
differences, training, and developmental variables. Attempts to determine
the limits of artificial language acquisition in animals are of interest because
they may enable us to pinpoint and analyze precursors of human language
ability in the cognitive processing skills of nonhuman animals. What are
some of the protolinguistic skills of animals, and are there some animal
groups that are capable of acquiring a natural language? Even though we
do not expect that chimpanzees or any other taxon will ever equal the
language competence of humans, ALR, as well as the study of animal
cognition in general, is casting considerable light on our notions of language
and its relation to thought. .

The first failed attempts to teach spoken language to chimpanzees
occurred during the 1930s and began as part of a series of cross-fostering
studies aimed at describing the similarities and differences between the
mental and physical development of human and chimpanzee infants (Kel-
logg, 1968). The breakthrough in ALR occurred in the late 1960s with two
infant chimps (Washoe and Sarah) in programs initiated by Allan and
Beatrice Gardner (1969) and by David Premack (Premack & Schwartz,
1966). Apes were considered logical choices for ALR based on a variety
of homologous psychological traits shared by apes and humans, as a
consequence of their relatively recent descent from common ancestors.

Lilly and Dolphins

Chimpanzees were not the only subjects of ALR in the 1960s. Several
ALR programs which, in fact, preceded the ape investigations were inspired
by John Lilly’s (1961) attempts to teach Atlantic bottlenose dolphins (Tur-
siops truncatus) to understand and speak English. Lilly’s choice of dolphins
for ALR was based on two interlocking criteria:

1. Bottlenose dophins have a relatively large brain with a proportionally
large neocortex. This can be expressed quantitatively as a high encephali-
zation quotient or EQ (Jerison, 1973). According to Jerison, EQ is a mea-
sure of biological intelligence or information processing capacity. Whereas
California sea lions (Zalophus californianus) and other pinnipeds have
EQs estimated to be between one and two, similar to those of terrestrial
carnivores, the EQs of dolphins are more similar to chimpanzees, ranging
between two and five (Eisenberg, 1981; Worthy & Hickie, 1986).

2. The bottlenose dolphin is a highly vocal and social creature and,
according to Lilly, shows signs of possessing semanticity in its vocal com-
munication with members of its own species. In addition, Lilly thought
bottlenose dolphins were an exceptional species for ALR because they
showed “kindliness” toward man and appeared to be capable of mimicking
human voice sounds in an intelligible way (Lilly, 1961).

Although Lilly failed in his attempt to establish the English language
as a direct means of communication between humans and bottlenose
dophins, his ideas stimulated several others to use dolphins in ALR (e.qg,
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Bastian, 1967; Batteau & Markey, 1967; Lang & Smith, 1965). The follow-up
work to Lilly’s initial effort has been succinctly detailed and summarized
by Wood (1973). We will briefly review the work of Batteau and his group
since it and the ape work seem to have led rather directly to the resurgence
of ALR with dolphins, particularly to research on “sentence comprehension”
by dolphins (Herman, Richards, & Wolz, 1984).

Batteau’s Failed Dolphin Language Studies

Batteau used Skinnerian shaping techniques to acquire a high level
of stimulus control over three different “object-action” commands. The
object-actions were “hit ball with pectoral flipper,” “swim through hoop,”
and “retrieve bottle.” Each of these object-actions were under the stimulus
control of a whistle sound projected by an underwater speaker. The whistles
were human vocal sounds transformed by Batteau's ingenious electronic
devices. Additional whistle sounds controlled up to 15 separate behaviors;
these included raising flukes, jumping, emitting sonar pulses, responding
to their own “name,” etc. With reference to Herman's later work, it is
important to note that one of Batteau’s dolphins, Maui, also learned to
swim right or left in response to different signals and that she could mimic
the sounds controlling many of the behaviors.

As most marine mammal trainers know, training dolphins to respond
differentially to 15 or more distinct command signals is a far cry from
demonstrating that a dolphin has even the basic rudiments of semantic
comprehension. In fact, when probe trials were given by Batteau and
Markey (1967) so that Maui was signaled to perform two behaviors in
sequence without any new special training, the dolphin only performed
the first object-action. This finding suggests that either Maui did not under-
stand the task or that at least some dolphins may have difficulty with the
grammatical rule of recursion. In addition, control trials showed that both
dolphins had been conditioned to associate an object-action command
signal with a specific location. For exampte, when the ball and hoop were
reversed from their usual positions, the dolphins were confused and first
went to the appropriately signaled object, but performed an incorrect action.
Then they went to the inappropriate object and performed a correct action.
It was also found that both dolphins were biased in their responses.

In Batteau's experiments the dolpins were trained to respond to holo-
phrastic commands and not to separate elements of object and action,
unlike the chimp language studies which were just beginning when Batteau
met an untimely death by drowning. In .the chimp language studies the
investigators trained their animals to work with signs that could potentially
be combined and recombined in such a way that each combination could
convey a separate meaning.

Do Herman's Dolphins Comprehend Sentences?

It is Herman and his colleagues (Herman et al., 1984) who, of all the
investigators involved in ALR, have made the strongest claim to date that
their dolphins have a “tacit knowledge of syntactic rules” and can com-
prehend literally thousands of novel sentences up to five words in length.
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The original claims by the Gardners and by Premack (Gardner & Gardner,
1969; Premack, 1976) that their chimpanzees combined symbols in gram-
matically competent fashion have since been shown to be exaggerated
(Petitto & Seidenberg, 1979; Terrace, 1979; Terrace, 1985).

The basic reasons Herman chose to use doiphins in ALR were the
same as those stated by Lilly 15 years earlier: high EQ and a complex
vocal communication system. The reason Herman has emphasized lan-
guage comprehension in dolphins has been his belief that language com-
prehension and language production may develop as separate systems
with comprehension emerging prior to production, and thus probably being
more fundamental. For this reason, Herman (1987) has emphasized the
study of receptive competencies in his ALR with dolphins. Support for this
approach of stressing receptive competencies has recently come from the
finding that Kanzi, a young pygmy chimpanzee, needed only exposure,
not training, to attain symbolic skills comparable to those attained by com-
mon chimpanzees trained in the use and comprehension of symbols (Sav-
age-Rumbaugh, Rumbaugh, & McDonald, 1985). Savage-Rumbaugh and
her associates think that Kanzi's learning of English merely by hearing it
means that the capacity to comprehend speech is possibly an evolutionary
precursor to its production, and that language comprehension, more than
vocal speech production, is the “essence of language” (Savage-Rumbaugh
et al., 1985).

Herman's two bottlenose dolphins, Akeakamai (Ake) and Phoenix,
were taught similar but not identical languages in different modalities (an
acoustic language for Phoenix and a gesturat language for Ake). For
purposes of exposition, and in order to make direct comparisons with our
own parallel ALR on California sea lions, we will focus most of our com-
ments on Herman's claims about Ake's linguistic competencies as reported
in Herman et al. (1984). In Ake's artificial language, relationships between
objects were constructed by signing a goal item first, an item to be acted
upon (transported) second, and finally the relational sign FETCH. Herman
etal. (1984) referred to this relational sequence as an “inverse grammar.”

Ake was trained in a gestural language in which signals were the
movements of a trainer's arms and hands. Each object, position modifier,
and action was assigned a unique signal. The signals could then be com-
bined and recombined following certain rules to produce a circumscribed
but complete set of legal instructions. There was thus provision for substitu-
tion of items in object or action categories, making it possible to reptace
the object sign HOOP with the sign BASKET or the action sign UNDER
with OVER. In addition to object and action signals Ake was given modifier
signs referring to left and right and could be instructed to act on an object
on her feft, but only if there was a paired member on her right. Thus the
categories of the dolphin Ake's gestural vocabulary included modifiers
(LEFT, RIGHT), objects (e.g., WATER, BALL, PIPE, FRISBEE, etc.) and
actions (TOSS, SPIT, TAIL-TOUCH, PECTORAL-TOUCH, etc.). Ake used
two classes of objects; nontransportable objects that could be moved
around the rim of the tank by the researchers {e.g., WATER, water jetted
from a hose), and transportable cbjects that fioated freely in the poo! and
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could be moved by Ake (e.g., BALL). Ake aiso had two classes of actions;
a relational action (e.g., FETCH, take a transportable object to another
object) and direct actions (e.g., SPIT, spit a stream of water at an object).
Itis important to note that relational actions and direct actions were mutually
exclusive categories. This was not the case in sea lion Rocky's vocabulary
where the identical FETCH sign functioned as a direct action or relational
action, depending on the signs that preceded it. Sea lion Gertie was trained
to respond to two entirely different configurations of FETCH signs: One
functioned as a direct action and one as a relational action (see the Methods
section for a detailed description of Gertie's relational FETCH sign).

At the time of Herman's publication of test data in 1984 (about six
years after her training was begun) Ake's comprehension “vocabulary”
included two modifier signs, eleven object signs, eight action signs and
one relational sign (FETCH). Armed with this sparse vocabulary of 22
signs the dolphin Ake nevertheless had the potential to carry out over a
thousand unique commands. An example of the longest sign sequence
given to Ake might be WATER, RIGHT PIPE FETCH or RIGHT WATER,
PIPE FETCH: These two different sets of instructions contain the same
elements, but in a different order, giving each set of signs a different
meaning. In the first sequence the referent WATER is the goal item and
the referent RIGHT PIPE is the transported item, whereas in the second
sequence the referent RIGHT WATER is the goal item and the. referent
PIPE is the transported item.

The sign sequences given to Ake formed two types of instructions.
One type of instruction had the dolphin act on a single object and the other
type had the dolphin perform an action relating two objects. They used
various discriminative learning techniques to teach Ake to (a) associate
gestural signs with directions, objects, and actions and (b) discriminate
between categories of signs by making Ake sensitive to the serial order
ofr sequence of signs. Herman et al. (1984) were clearly emphasizing the
functional value of syntax by training the dolphin to understand signals
about a retationship between one object and another. In this way, Herman
and his associates were able to demonstrate that Ake could respond
appropriately to sentence-like commands containing as many as four signs.
Moreover, by generalizing within categories of signs the dolphin could
respond appropriately to a variety of novel commands. For example, Ake
could respond correctly the first time she was given the instruction PIPE,
RIGHT BALL FETCH (“take the ball on your right to the pipe”) or RIGHT
BALL, PIPE FETCH (“take the pipe to the ball on your right”) after several
experiences with commands iike RIGHT BALL OVER (“jump over the ball
on your right”) and PIPE, BALL FETCH (“take the bal! to the pipe").

Following are several statements by Herman et al. (1984) summarizing
and interpreting the results of their tests of the linguistic competency of
their dolphins, in particular Ake's competency on “sentence” comprehen-
sion in which the relational action FETCH is used:

in summary, the understanding of the function of object names as
direct or indirect objects, and of how modifiers may be attached to
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object names, further illustrate the considerable sensitivity of dol-
phins to syntactic structure. (p. 199)

As in natural languages, tacit knowledge of the syntactic rules un-
derlying the language was necessary for correct interpretation of
the function of lexical items in the sentence, and for an understand-
ing of the unique semantic proposition being expressed. This is
most obvious for the inverse rules in Akeakamai's gestural lan-
guage. (p. 203)

Within the nonlinear grammar, Akeakamai demonstrated her ability
to assign and reassign functions to earlier words in a sentence,
i.e., to parse the sentence, on the basis of a succeeding word or
words. (p. 207)

As Herman himself has noted (1987), his ALR with dolphins was
started following the heated criticisms of ALR with apes and thus was
designed to avoid the methodologicat pitfalls of the ape language work.
Nevertheless, the dolphin language work by Herman can and has been
criticized from a conceptual standpoint. One can readily discern from the
preceding quotations that the interpretation of the dolphin's performance
by Herman et al. (1984) is in terms which have linguistic connotations
(e.g., “parse,” “grammar,” “sentence,” “lexical,” “direct object,” “indirect
object,” “semantic proposition”). In addition, these statements seem again
to reflect an emphasis, as did earlier ALR, on grammaticai competence
as an all-or-none factor. This has led to rather sharp criticism from Premack
(1986) on the grounds that this “flurry of linguistic terms is gratuitous”
because an interpretation of the dolphins’ performance requires no linguis-
tic terms of any kind. According to Premack, “Herman et al. have shown
two things: discrimination of temporal order and the learning of rutes based
on perceptual classes” (Premack, 1986, p. 26). The two rules used to
generate all the instructions to the dolphins were: (1) (Modifier) + Object
+ Action, and (2) (Modifier) + Object A + (Modifier) + Object B + Action
2, where Action 2 was a signal instructing Ake to take Object B to Object
A. Reversing the positions of the two object signals in the string reversed
the meaning of the command. Although we agree that these competencies
are the major ones that have been (more or iess) demonstrated in Herman's
dolphins, we disagree with Premack’s dismissal of these competencies
as unnecessary for demonstrating language learning. Rather, we believe
that all of the cognitive abilities that the dolphins have demonstrated are
necessary for language learning, but are perhaps not sufficient. (See Her-
man, 1987, for a rebuttal of Premack’s criticism of his ALR with dolphins.)

Hoban (1986) essentially agrees with many of Premack’s criticisms
of Herman's work and has added some herself. For example, we think
that Hoban is correct in pointing out that Herman et al. have prematurely
used the term “word” in their description of signs and their associated
referents. Although it is true that the dolphins {(as well as the sea lions)
can correctly choose the ball or the pipe when given the BALL sign or
PIPE sign, it was not demonstrated that they can choose the correct signs
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for ball or pipe when they are presented with the referents ball and pipe.
In other words, the signs and their referents were not shown to be inter-
changeable as are human words and the things they signify. An even
more advanced form of symbol use occurs when words or symbols refer
to other symbols. There is, as yet, no indication that dolphins are capable
of using symbols or words to stand for one another. In short, the referential
quality of the dolphin symbols has not been as well established as that of
the chimpanzee symbols used in ALR by Savage-Rumbaugh (1986). (See
Terrace, 1985, for a recent review on the significance of referential naming
and symbol use in chimpanzees.)

in general, the arguments by both Premack and Hoban are that Her-
man'’s experiments, despite their methodological elegance, have not, as
yet, demonstrated anything “even remotely reminiscent of linguistic skifls
in the behavior of the dolphins™ (Hoban, 1986, p. 144). We agree that the
results of Herman’s ALR with dolphins have not been interpreted cautiously
enough; that is, the dolphin’s language-like learning skills have not been
conceptualized in accordance with Lioyd Morgan's Canon.

This paper will address the issue of appropriate parsimonious expla-
" nations for the learning of symbols and syntax by Atlantic bottlenose dol-
phins and California sea lions. We will address a few of the issues recently
raised by language comprehension projects in which the dolphin, Ake,
and two female sea lions, Rocky and Gertie, have been given visual signals
to perform actions on objects (Herman, 1986; Herman, 1987; Herman et
al., 1984; Schusterman & Krieger, 1984; Schusterman & Krieger, 1986).
Objects, properties and locations of objects, and actions were assigned
unique symbols which could be combined to generate a limited set of
commands.

It is our contention that what has been taught to both the doiphins
and the sea lions is indeed a language, albeit a pidgin or simplified lan-
guage, consisting of three categories of signs arranged according to two
types of rules which give the language its “openness” or “combinatorial
productivity” (Miller, 1967). The syntax chiefly involves the temporal se-
quence or the serial order of signs. We will attempt to show that acquiring
a conditional sequential discrimination is a key factor in the dolphin and
sea lions being able to comprehend relationships encoded in gestural
signs strung together to form sentence-like commands. We will support
this hypothesis with data from a series of experiments with two California
sea lions (Rocky and Gertie) which directly parallel experiments conducted
by the Herman group with a bottlenose dolphin (Ake). From the standpoint
of syntax, we will focus on the most complex sign sequence—the relational
sequence. In the relational sequence dolphins and sea lions have learned
a serial ordering rule that, in one form, can be expressed as “take the
second designated object to the first designated object.”
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Methods

Sea Lions and Facilities

Our experiments with ALR have involved three California sea lions
(Zalophus californianus): Bucky, a 6-year-old male housed at Marine
World/Africa USA in Redwood City, California (now located in Vallejo,
California), Gertie, a 5-year-old female housed at Long Marine Lab, Univer-
sity of California, Santa Cruz, and Rocky, an 11-year-old female also
housed at Long Marine Lab. Since our research on relational sequences
has gone furthest with Rocky, we will focus primarily on her performance
in the experiments discussed in this paper. However, it should be noted
that both Gertie and Bucky have also learned to carry out instructions
relating two designated objects.

At Long Marine Lab, experiments were conducted in the sea lions'
home pool, a 7.6-m diameter by 1.8-m deep circular concrete tank sur-
rounded by a deck that is flush with the pool rim. During an experimental
session, sea lions not being tested were placed in a separate adjoining
pool area. The pools at Long Marine Lab are filled by a flow-through system
that provides minimally filtered seawater at ocean temperature (approxi-
mately 15 °C).

Table 1

Current Repertoire of Gestural Signs Used with Rocky

Objects Modifiers Actions

Transportable’ Brightness Direct*

PIPE BLACK (G) FETCH(G)

BALL{G) WRITE (G) FLIPPER-TOUCH (G)
© RING (G) GRAY? MOUTH

WATERWING Size ‘ OVER (G)

CLOROX SMALL ‘ UNDER (G)

CAR LARGE TAIL-TOUCH (G)

DISC Relational®

BAT (G) FETCH (G}

CUBE (G)

FOOTBALL

CONE (G)
Nontransportable®

WATER (G)

PERSON (G)

HOSE (G)

Note. Objects and signs also used with Gertie are indicated by a (G).

' Objects that can be moved by the sea lions.

2 Objects that can be moved by the researchers but not by the sea lions.
3 Not currently in use.

4 Involves only one object.

5 Involves two objects.

Basic Procedure
The basic experimental procedure, controls, and training techniques
for giving single-object sequences to Rocky have been detailed by Schus-
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terman and Krieger (1984, 1986). We should point out that we have used
numerous blind procedures to guard against unintended cueing by the
signaler and other individuals involved in the experiment. These control
procedures indicated that all three sea lions responded only to the gestural
signs given by the signaler.

Table 1 lists the sea lions' repertoire of gestural signs used in the
current experiments. The gestural signs are given by the signaler in a
specific sequence (Tables 2 and 3).

Table 2

Sign Sequences Given to Rocky, with Examples

Sign Sequence Example
Single Object Sequences
Two sign
O+A BALLOVER
Three sign
M+O+A WHITE BAT TAIL-TOUCH
Four sign
Mt+M2+0O+A LARGE BLACK CONE MOUTH
Relational Sequences
Three sign ‘
G+ T+ A BALL, RING FETCH
Four sign
M+Gt+TI+A WHITE CAR, DISC FETCH
Gl+M+Ti+A WATER, SMALL CUBEFETCH
Five sign
M1+M2+Gl+TI+A BLACK SMALL CONE, BAT FETCH
Gl+M1+M2+TI+A CAR, WHITE SMALL BALL FETCH
M+GI+M+TI+A LARGE CONE, BLACK RING FETCH
Six sign
M+GlI+Mt+M2+TI+A WHITE DISC, SMALL BLACK CONE FETCH
M1+M2+GI+M+TI+A WHITE LARGE CONE, SMALL BALL FETCH
Seven sign

MI+M2+Gl+MT+M24+TIHA SMALL WHITE CLOROX, BLACK SMALL CUBE FETCH

object sign in a single object sequence.

sign designating the goal item in a relational sequence.

sign designating the transporied item in a relational sequence.
M = modifier sign, modifies object sign following it.

A = action sign.

A typical relational sequence for Rocky is iiustrated in Figure 1. A
signal sequence started with Rocky “on station,” her chin resting on the
signaler's foot. The first sign and each subsequent sign in a sequence
were cued by an observer who told the blindfolded signaler (via radio
headphones) that Rocky was in position to receive the next sign. Rocky
typically left station after an object signal, visually searched for the object,
and, after locating it, returned to station. She did not leave station or scan
the pool area after modifier signals. This scanning search following the
object sign is very informative regarding a sea lion's cognitive capabilities
(see Schusterman & Krieger, 1986). Because the sea lion's eyes are aimed

O
Gl
T

oy i
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primarily forward and up it must essentially “point” with its head in order
to bring the object into the field of focused, binocular vision. In comparison,
bottlenose dolphins (like those used in Herman’s ALR) have laterally placed
eyes that can independently scan large areas, without their making head
movements that might indicate what in particular they are looking at. These
physical differences in visual perception can result in differences in training

aail |
s P>

¢

Figure 1. Exampie of a relational trial. The instruction given was CLOROX, BLACK RING
FETCH.

{A) The signaler signs CLOROX, Rocky searches for the object. (B) The signaler pauses
between GI and Ti sign sequences, Rocky remains at station. (C) The Ti modifier sign
BLACK is given, Rocky turns slightly, but does not scan the pool area. (D) The signaler
gives the RING sign, in this frame Rocky is looking at the white ring. (E) Rocky continues
her search, she is now looking at the black ring (out of view in this frame). (F) The action
sign FETCH has been given and Rocky has been reieased (signaler lowers foot). (G) Rocky
has gone to the black ring and is starting to mave it while scanning the pool for a goal item.
(H) Rocky is pushing the ring toward the clorox bottie (just out of view in this frame). (1}
Rocky is placing the black ring in contact with the clorox bottle, which constitutes a successful
response to the instruction CLOROX, BLACK RING FETCH.
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and signing. The dolphins received a rapid, uninterrupted signat sequence
while, potentially at least, simultaneously scanning large areas of the pool
environment with the eye not watching the signaler. Rocky, in contrast,
tended to interrupt attention to the signaler with sometimes prolonged
{(greater than 2 seconds) and methodical searches of the environment
after each object signal, resulting in a much more extended signaling
process. Following an action sign Rocky was usually (except on “no-go”
trials) released from station by the signaler withdrawing her/his foot. The
“no-go” trials help prevent both sea lions from anticipating release and

Py \L.‘_' LIS \‘_\.\\\ \‘\ Y .\_ s
: - AR - ! L.
IEEEE RN Viny
) RN

Vo

Figure 2, Typical relational fetch sequence for Gertie.

{A} Signaler presents an object indicating the goal item (Gl); in this case the white disc
signals the nontransportable object WATER (water jetted from a hose at the edge of the
pool). (B) Signaler presents the second object, with her right hand, in this case a black cone
which signals a bfack cone ficating on the pool surface. (C) Signaler brings the second object
over to the first. This signal indicates the relational fetch action. (D) Gertie has gone to the
black cone and is starting to move it to another cbject. (E) Gertie pushes the cone toward
the water. (F) Gertie successiully completes the trial by bringing the black cone to the stream
of water jetted from the edge of the pool (WATER, CONE FETCH).
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thus not attending to the action sign. Occasionally, following a long, unpro-
ductive search for a specific object, Rocky returned to station and, following
the action sign, she did not perform the indicated action, but remained at
station when released by the signaler’s foot-drop. The lack of a specific
action following release was termed a balk.

Gertie's signal sequence (Figure 2) differed from Rocky's in several
ways. First, Gertie was not given a gestural sign for an object, but was
instead shown another object. The object shown Gertie was in most cases
the same as the one in the pool (a match); but for three of the objects
(water, person, and hose) the object shown was purely symbolic, that is,

Table 3

Sign Sequences Given to Gertie, with Examples

Sign Sequence Example
Single Object Sequences
Two sign
O+A BALLUNDER
Three sign
(M+QO)+A WHITE CUBE FLIPPER-TOUCH
Relational Sequences
Three sign
Gl+TiI+A RING, BAT FETCH
Foursign .
M+Gl)+TI+A BLACKPERSON, RING FETCH
Gl+(M+TH+A CONE, WHITEBALLFETCH
Five sign
M+G)+{M+TI}+A WHITE PERSON, BLACK CUBE FETCH

O = object sign in a single object sequence.

Gl = first presented object in a reiational sequence. -

second presented item in a relational sequence.

indicates that the modifier cues BLACK and WHITE are both contained in the object
presentation.

A = action sign.

it did not share any obvious properties of the object it indicated: For exam-
ple, water was indicated by the presentation of a white disk. The brightness
modifier (btack/white) was contained in the object presentation, unlike
Rocky's procedure, in which separate modifier signs preceded an object
sign and were subsequently integrated by Rocky in the performance .of
her response. Second, unlike Rocky, Gertie did not:spontaneously leave
station to search for an object after receiving the object sign. Rocky's
spontaneous orienting behavior had been such a useful behavior to us
that we attempted to condition this behavior in Gertie, but all attempts thus
far have proven more disruptive to Gertie's response behavior than helpfui.
Third, Gertie's relational fetch sign differs from her single-object fetch sign.
Rocky's relational fetch sign was the same as her single-object fetch sign;
only the context of the preceding one (single-object fetch) or two (relational
fetch) object signs differentiated between the two meanings. In Gertie's
language, where objects designate other objects, relational instructions



324 SCHUSTERMAN AND GISINER

were given by first presenting (with an extended left arm) the object desig-
nating the goal item (panel A of Figure 2), then presenting the second
object designating the transport item in the right had (panel B of Figure
2). Following this procedure the trainer moved the object in his/her right
hand to the designated goal item in the other hand until they were close
together or even touching (panel C in Figure 2). The trainer then released
Gertie to perform the relational action (panels D-E of Figure 2).

Experimental Design

Experimental trials were inserted as probe traals in a semirandom
manner into the standard daily training sessions, or “baseline.” Each
baseline session lasted about 1 hour and contained approximately 70
trials. The trials were divided into “sets” of four to eight trials. After each
set the objects were replaced with a new group of objects. For Rocky,
there were typically four to ten objects in the pool during each set (the
mean was about six objects). For Gertie, there were typically fewer objects
in the pool (three to ten, with a mean between four and five).

Approximately equal numbers of all single-object sequence forms
(refer to Tables 2 and 3 for the categories of sequence forms) were run
in a semirandom fashion to maintain competency in all familiar sequence
types. In Rocky's case, after the three-sign relational instruction had been
trained it was included in the baseline sessions. Later, four-sign relationals
were also added to the baseline sessions. Since Gertie’s modifiers were
incorporated in the object presentations we gave her alt forms of the
relational instruction right after she completed relational training. This pro-
cedure maintained the sea lions' competence in all sign sequence forms
and provided relatively context-free baseline sessions (i.e., they were not
able to anticipate the type of trial they were about to be given).

Training the Relational Sequence

The principal topic of this paper is a special type of sign sequence
referred to as the relational sequence, so-called because the outcome
requires the animal to fetch one object to a second, rather than to fetch
a single object directly to the signaler. The order of the two object signs
indicates the relation between them, that is, which object is the goal item
(Gl) and which is the transported item (T1). For both Rocky and Gertie,
the first object sign indicates the G! and the second object sign indicates
the TI. The terms Gl and Tl are solely descriptive and are not given a
grammatical connotation or interpretation. in contrast, Herman et al. (1984)
refer to the same sigh sequence, when given to the dolphin Akeakamai,
as an “inverse grammar” and use the grammatical terms indirect object
(10) for the first object sign and direct object (DO) for the second object
sign. Our introducing superficially similar nomenclature may be initially
confusing for some, but we believe it is important to free the performance
of the relational action from grammatical terminology when such terminol-
ogy is not needed and, indeed, contains surplus meaning.

The relational sequence was introduced to Rocky in April, 1985. Train-
ing began by teaching Rocky to fetch an object to something other than
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the signaler. A single object was placed in the pool and Rocky was released
from station without being given any gestural signals. This elicited a stan-
dard response of fetching the object to the signaler: Both Rocky and Gertie
were normally required to periodically “gather up” the objects in the pool
in order to have the session continue. A training target (a pool float at the
end of a broom handle) was then introduced in the pool near the signaler.

The target had been frequently used in other training situations and had
a very strong association with reinforcement. After a few trials with the
target Rocky had learned to transport the object in any direction to get it’
to the target, even away from the signaler.

In the next stage of training a second object was placed in the pool
and the relational-signal sequence was introduced. At this stage of the
training process it started with a touch signai on Rocky's forehead indicating
that this was a relational sequence, followed by the Gl object signal, Ti
object signal, then the action signal. On the initial attempt Rocky made
an intention movement to bring the Tl to the G, but then fetched the object
to the signaler. In subsequent attempts the training target was used to
guide Rocky 1o the G and then was removed just before she arrived. The
target was quickly faded out of the procedure. The touch signal was soon
dropped from the sequence because we felt it was distracting to Rocky.
Her performance of the reiational action did not change after the touch
was discontinued. The context cue of two object signs was apparently
sufficient to indicate a relational action.

After a few repetitions of the fully trained sequence with just two
objects, we introduced alternating trials with other actions to eliminate
context cues, then added one or two objects to provide a choice of desti-
nation objects. The entire training procedure took about 2 hours time
distributed over 3 days. After this training, the simple three-sign relational
sequence was incorporated into baseline sessions, intermixed with familiar
singie-object sequences.

Gertie's relational training began in late June, 1986. In general, the
training procedure was like Rocky's, with some potentially important differ-
ences. As with Rocky, we began by introducing a single object into the
pool and waving Gertie off without an object or action sign. When she
began o bring the object in to the signaler a training target (a pool float
at the end of a pole) was put in the pool and her approach to the target
with the object was reinforced. In the next stage two objects were put in
the pool, with a person holding a target stationed near each object. Again
she was just waved off as if to collect the objects (a task they frequently
perform without reinforcement during the course of baseline training ses-
sions). When she got the first object the person stationed near the other
object put a target in the water near the second object. Any approach to
the second object while she was carrying the first was reinforced. The
behavior was shaped by successive approximations untii Gertie was per-
forming a complete relational fetch action, that is fetching one object all
the way to another until they made contact, without having to be prompted
with a target. This stage of training was achieved in about 1 hour.

In the next stage objects were presented to Gertie, much as they
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were during a single object trial, to indicate an object in the pool. The
objects in single object trials were presented by grasping them with both
hands and thrusting them out toward Gertie. Because two objects were
used in the relational sequence an object was presented with one hand
only, and then a second object was presented in the other hand. The fetch
action was signaled by bringing together the objects at the ends of the
signaler's extended arms. The initial presentation was intended to produce
a linear instruction, as opposed to Rocky's inverse instruction, that is the
object to be transported (TI) was indicated first, then the goal item (G_l)
was indicated second, followed by the action sign and release. Gertie
showed such a strong disposition to go to the last signed object and
transport it that we abandoned the finear structure in favor of an inverse
structure like Rocky'’s (take the second named cbject to the first). During
training of the relational action, and during the training of the relational-sign
sequence, the nontransportable objects (hose, water, person) were used
to force a refational fetch in a certain direction, because only one of the
two objects in the pool was transportable. Based on our experience with
Rocky, we also postulated that the nontransportable objects might make
more memorable goal items because they were ixed in space and could
be remembered by position as well as object type. The association of this
set of instructional object presentations with the relational fetch action was
not easily achieved. Gertie repeatedly left station before the signal se-
quence was complete, presumably because the one-handed presentation
of the first object immediately indicated to her that she was going to be
asked to perform a relational action. This explanation implies, of course,
that she must not have realized the significance of the two object signs
and their relationship to one another (and may not still). After about 4
hours of training at this stage, we got Gertie to attend to a relational-sign
sequence and wait for release to perform her action, primarily by using
vocal control to recall her back to station if she started to drift off before
the sign sequence was complete. She did not produce an orienting re-
sponse as Rocky did when given an object signal, and our efforts to keep
her on station during the signaling process probably reduced the like_lihood
that she try to “look around.” Her relational-signaling process also dlffe_red
from Rocky's in that the objects Gertie was shown remained in view
throughout the trial, so that Gertie could, at least potentially, refresh her
memory by looking back at them any time during the trial. The hand signals
used with Rocky to designate objects were transitory hand signais, and
Rocky was forced to rely on memory to identify the object once the signal
had been given.

Experiments

Response bias for goal items on novel complex relationals. (Rocky
only). “Novel” sequences were sign combinations that had never been
given to ‘the subject. They were used in experiments to efiminate the
potential of the animals producing rote responses to repeated familiar
sequences. Because there were in fact hundreds or even thousands of
unique instructions possible, it is unlikely that the animais were capable
of organizing their response behavior in this way. Nevertheless, both we
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and the Herman group took the precaution of using novel sequences in
most experiments. The relative effect of sequence novelty on performance
is discussed further in the Results section.

Novel sign sequences were of two types: those that contained a
combination of signs never before given to the animal, but of a sequence
type that the animal had practiced (what Herman et al., 1984, refer to as
“lexical navelty”) or those that contained a novel number of signs. Herman
et al. (1984) refer to the latter as “structurally nove!l” sequences, but that
term is somewhat misleading because the only noveity was the addition
of one (in Ake's case) or sometimes more (in Rocky's case) modifiers.
Adding familiar modifiers to a familiar sequence to make it “novel” increased
the compiexity of the instructional sequence, but did not require truly novel
response behavior, or novel integration of the information in the signs.
Any other form of structural novelty (adding, subtracting, or rearranging
signs) produced unusual responses that are discussed under the Anoma-
Jous Sequence headings of this paper.

In Rocky's experiment, novel sequences containing an unmodified or
single modified Gl and a double modified Tl (e.g., WHITE WATERWING,
SMALL WHITE BALL FETCH) were inserted as probes in standard
baseline sets at the rate of two to four trials per session, for a total of 32
trials. Half (16) of the experimental trials had “positive” Gls and half had
“nonpositive” Gls. The classification of an object as a positive or nonpositive
Gl refers to the probability of a correct response on a baseline relational
with that object as the Gl. For this experiment we arbitrarily designated
all Gls with a greater than 0.5 probability of eliciting a correct response
as being positive Gls (Table 4). For example, BAT was considered a
positive Gl because baseline trials with BAT as Gl had a 0.81 probability
of being correct based on performance of baseline trials immediately pre-
ceding the experiment. CONE was a nonpositive Gl because baseline

Table 4

Determination of Rocky's Response Bias by Gl Object Type

Object Type Probability of Correct Response Status
Betore Experiment During Experiment Change?
PIPE 0.25 (20) 0.13 (16} N
BALL 0.13 (16) 0.00 (4) N
RING (*) 0.56 (18} 0.50 (10) N
WATERWING () 0.82 (11) 0.57 (7) N
CLOROXBOTTLE(" 0.67 (15) 0.63 (8) N
CAR(*) 0.47 (18} 0.56 (16) Y
DIsC .18 (11) 0.50 (10) .Y
BAT ("} 0.81 {16} 0.44 4] Y
CUBE 0.11 (19) 0.05 (20 N
FOOTBALL _ 0.33 (15) 0.50 (10) Y
CONE 0.23 (13) 0.15 (13) N
WATER (") 0.57 (28) .88 (17} N
PERSON (M) 0.44 (31) 0.76 (21) Y

{*) = positive Gl. Probability of correct response = 0.50.
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relationals with CONE as Gl had a probability of 0.23 of being correct.
Table 4 also shows that the positive/nonpositive status of an abject can
change over time. Further investigation of this object-related response
bias is in progress, but for our purpases in this paper this somewhat
simplistic and arbitrary identification of positive and nonpositive goal items
is in fact quite informative.

Each trial with a positive Gl was replicated using a nonpositive Gl.
Both were run with the same number of objects in the pool and with the
same Ti. For example, the trial BLACK BAT, LARGE WHITE BALL FETCH,
which includes a positive Gi, was conducted under the same conditions
as the trial BLACK CONE, LARGE WHITE BALL FETCH, which contains
a nonpositive Gl. In both trials the same number and types of objects were
present in the poal, but two cones (a black and a white} had been substi-
tuted for two bats. The difference in performance on the two groups of
novel complex relaticnals could therefore be attributed solely to the effect
of the Gl object.

Relationals to a nontransportable Gi. The nontransportable objects
WATER and PERSON were added to Rocky’s repertoire after the relational
behavior had been trained. Nontransportable objects differed from trans-
portable objects in that they were always located only on the rim of the

Table 5

Determination of Gertie's Raesponse Bias by Gi Object Type

Object Type Probability of Correct Response (N) Status
Before Experiment During Expertiment Change?

BALL 0.30 (83) 0.28 (69) N
RING 0.36 (81) 0.35 (63) N
BAT 0.11 (79) 0.18 (66) N

- CUBE 0.37 (83) 0.38 {60) N
CONE (object not in use yet)
WATER 0.75 (61) 0.68 (43) N
PERSON 0.43 (78) 0.51 (88) N
HOSE 0.53 (49) 0.45 {40) N

pool and they could not be moved by the sea lions. Transportable objects,
in contrast, floated on the water’s surface in the pool and could be moved
by the sea lions. Furthermore, wind and Rocky’s movements caused the
transportable objects to drift about the pool during a set, whereas non-
transportable objects stayed in one place during an entire set, unless
deliberately moved by the researchers. Nontransportable objects were
usually moved only at the end of a set.

A limited number of three-sign relationals to nontransportable Gls
were included in Rocky's baseline, once the nontransportable objects had
been introduced in single-object trials. Using our standard experimentat
procedure we also ran 42 novel relationals to nontransportable Glis (21 to
WATER and 21 to PERSON). The results of this experiment with Rocky
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indicate that nontransportable Gls were, as a class, assocuated with a high
probability of correct response.

This finding led us to create a similar expenment for Gertie. Gertie
also showed positive bias in her response to certain goal items, but the
bias was not as pronounced as Rocky's, particularly among the transport-
able objects. For that reason we selected the positive goal items as a
class: The nontransportable objects were selected because they all had
moderate to very high proportions of correct responses. All transportable
objects were treated as a class of nonpositive Gis, because the probability
of a correct response to any transportable Gl was at best at the low end
of probabilities for nontransportable Gls (see Table 5)..In Gertie's Gl bias
experiment, 60 trials were run to nontransportable (positive bias) Gls and
60 trials used transportable (nonpositive bias) Gls. Otherwise the trials
and the context in which they were run were virtually identical as in the
experiments aiready described for Rocky. Furthermore, in each trial there
were equal numbers of nontransportable objects available for selection as
Gl (two, three, or four of each) so that a response bias for the relatively
more common or rare object class might not erroneously create the impres-
sion of a bias for the object types themselves.

Tabie 6

Number of Potential Sign Combinations in Each Sequence Type
in Rocky's and Gertie's Repertoires

Sequence Type Number of Combinations
Single Obiect Sequences ROCKY GERTIE
O+A 76 40
M+O+A 528 60
M1+M2+O+A 240 -
(Total) (844) (100)
Relational Sequences'
Three sign
Gl+TI+A 130 32
(Total) (130) (32)
Four sign ,
M+GI+TI+A 313 1 48
GI+M+TI+A 376 74
(Total) {689) (122)
Five sign
Mi+M2+GlI+TiI+A 384 RS
Gl+ M1 +M2+TI+A 464 -
M+GI+M+TI+A 956 120
(Total) (1804) (120)
Six sign
M+GI+M1+M2+TI+A 1192 -
MI+M2+GI+M+TI+A 1192 ‘ -
(Total) (2384)
Seven sign

M1+M2+GI+MT+M2+TI+A 1216 -

Combined total %67 374

‘matching object combinations excluded, e.g., PIPE, PIPE FETCH.
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Reversals (Rocky only). This experiment consisted of 54 paired orig-
inal and reversal three-sign familiar relational sequences. The originals
were run as probes in baseline sets until Rocky responded correctly and
the response was reinforced. The reversal was run immediately after the
reinforced original. In other words, if Rocky responded correctly to the sign
sequence CAR, CONE FETCH we next gave her the sign sequence CONE,
CAR FETCH,

A particular object was used as a Gl in originals about as often as it
was used as a Tl to prevent the possibility of Rocky making a predictive
association between certain Gl objects and the possibility of a forthcoming
reversal. ,

Modifier-reversals {Rocky only). This experiment was intended to illus-
trate a potential problem of modifier assignment in relational sign se-
quences. In this experiment a modifier sign in a novel complex relational
command was “reversed” or switched from a Gl modifier to a T! modifier
or vice versa by changing its position in the second or “reversal” trial. The
relative positions of the two object signs, however, remained unchanged:
The Gl in the first trial remained the Gl in the second trial of the modifier-re-
versal pair. For example the sign sequence WHITE BALL, BAT FETCH
is the modifier-reversal of BALL, WHITE BAT FETCH (the object signs
remain in the same order). The modifier-reversal experiment was run in
the same manner as the reversal experiment described in the preceding
section, with one exception; the modifier-reversal trial was not run im-
mediately after the successful, reinforced original because certain objects
needed to be added or removed before it was possiblie to run the modifier-
reversal trial. The modifier-reversal trial was given some time later, either
a few trials later in the same set or as long as 3 days after the successful
original.

Four modifier-reversal pairs were run with a single modified Gt as the
original and four pairs were run with a single modified T as the original.
in addition one pair was run with a double modified Gi original and one
pair with a double modified TI original, for a total of 10 modifier-reversal
pairs. :

Anomalous sequences: Type | (Rocky only). The anomalous se-
guences in this experiment retained the double-object signs indicative of
a relational sequence, but they had a different action sign substituted for
the familiar FETCH action sign (the only action sign that had heretofore
been associated with two object signs}. An example of this kind of anoma-
lous sequence is CUBE, DISC FLIPPER-TOUCH. This experiment was
designed to exactly parallel an experiment with the dolphin Ake reported
by Herman et al. (1984). Twelve novel anomalous sequences of this form
were run as probe trials in baseline sessions, one or two per session. All
responses were nonreinforced.

Anomalous sequences: Type Il (Rocky only}. This group of anomalous
sequences either had their signs out of normal sequence, contained added
signs, or were missing signs normally present. Fourteen novel anomalous
sequences were run as probes, one or two probes per session. All re-
sponses were nonreinforced.
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Calculating Probabilities of Correct Response for Relational Fetch
Sequences

The method we used to calculate probabilities of chance correct re-
sponses to relational instructions differed from that used by Herman et al.
(1984, Appendix A). Their calculations were based on the total number of
potential “meaningful” sign combinations of that sequence form. According
to their method, the likelihood of Rocky producing a correct chance re-
sponse to a three-sign relational sequence would be the reciprocal of 130
or 0.0077 (refer to Table 6 for numbers of potential combinations in each
sequence form). Some of the reasons for choosing the method we used
over others are presented in detail at the end of the Results section. Here
we present our basic assumptions as well as the mechanics of our method
of calculating probabilities.

After learning the basic relational task, the sea lions Gertie and Rocky
and the dolphin Ake erred almost solely on the goal item. They rarely
failed to go to the correct Tl or to take the Tl to another object (correct
action), but they often took the Tl to an object other than the Gl indicated
by the signaler (see Tables 7, 8, and especially 9 for supporting data).

Table 7

Rocky's and Gertie's Performance on Baseline Sequences (Data from January, 1987)

Rocky Gertie
Sign Sequence Prob. CR CR/Total Prob.CR CR/Total
O+A 0.97 (362/372) 0.94 ‘ {512/544)
M+0O+A 0.93 {279/300) 0.94 ' (394/418)
M1+M2+O+A 0.93 (191/205) -- ; -
GI+TI+A' 0.36 ( 61/171) 0.45 . ( 78/174)

Note. CR = correct response. '
TIncludes three-sign relationals for Racky; three-, four-, and five-sign relationals for Gertie;
transportable Gis only.

Table 8

Rocky's and Gertie's Performance, in Terms of Correct Responses (CR),
on Baseline Ralationals to Transportable Goal items

TimePeriod TotalTrials Obs.CR CRPraob. x° Values _pValues df

Rocky »
Jan-Feb86 200 50 (0.25) 8.8 >0.10 4
May-Jun86 200 82 {0.41) 30.2 <0.1 4
Sep-Oct86 200 80 (0.40) 32.7 '<0.01 4
Jan-Feb87 200 71 {0.386) 21.2 <0.01 4
Gertie ’
Jan-Feb87 200 86 (0.43) 19.2 <0.01 4

We therefore made the probability of a completely correct response
dependent upon the number of objects in the pool available to serve as
Gls. The probability that Rocky or Gertie would go to the correct Ti and



332 SCHUSTERMAN AND GISINER

take it to another object was nearly 1.0. Selection of an object to serve
as Gl, if the sea lions were choosing at random, would be a function of
the number of objects in the pool, less one (the object she was using as
T1). If there were six objects in the poot, five would be available for use
as the Gl and she would have a one-in-five (0.20) chance of taking the
Ti to the correct GI by chance alone. ‘

fFor a single trial, therefore, the probability of a chance correct response
was calculated to be 1/x—1, where x equals the number of objects in the

Table 9

Proportion of Total Errors Attributable to Each Sign Category
of the Three-Sign Relational Sequence (Gl + Tl + A)

Proportion of Errors (by category)

Total Trials TotalErrors . GI? e A Mult.*
Ake' 53 18 0.890 0.055 0.000 0.055
Rocky® 171 110 0.891 0.000 0.045 0.064
Gertie® 310 194 0.938 0.005 0.015 0.042

‘data from Herman et al. (1984), Table 7, p. 170. .
2GlI = goal item.

3Ti = transported item.

“Mult. = errors on more than one sign.

SRocky's data for January, 1987.

5Gertie's data for January, 1987.

pool. For a group of trials, the estimated number of correct responses
expected by chance alone was caiculated by first dividing the trials into
classes based on the number of objects in the pool and then multiplying
the number of trials in each class by 1/x— 1, where x equals the number
of objects in the pool. This method was derived empirically and is a con-
servative way to estimate chance performance to a relational instruction.
It is conservative because we slightly overestimate the likelihood of chance
performance since our calcutation does not include any other error factors,
for example, incorrect T! or incorrect action, and so forth, although these
error factors contributed slightly to the total observed errors (see Table 9).

Resuits and Discussion

Baseline Relationals
We believe that our results with the sea lions Gertie and Rocky are
directly comparable to those of Herman et al. (1984) with the dolphin Ake.
- Ake’s performance on familiar three-sign relationals was, like Rocky's and
Gertie's, much lower than her performance on single-object sequences of
the same length. As Table 7 shows, the number of signs given in the
instructions were relatively trivial compared to the type of instruction given:
that is, whether it was a relational instruction or nonrelationai. For exampie,
compare Rocky's performance on M1+ M2+ 0 + A sequences (four signs)
with her perfomance on Gl + Tl + A sequences (three signs).
Table 8 shows Rocky's and Gertie’s performance values on relational
sequences to transportable Gls given during baseline sessions from differ-
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ent time periods: one period preceding the start of experiments (January-
February, 1986), one period at the start of experiments (May-June, 1986),
and one period at the end of the experiments (January-February, 1987).
Rocky's performance prior to June, 1986 (as represented by data for
January and February, 1986 in Table 8) was not significantly different from
chance (based on our conservative method for calculating the probability
of a chance correct response). Thereafter, her performance reliably ex-
ceeded chance values of probability. Gertie’s performance on baseline
relationals from the same time period shows that she, too, is performing
at above chance levels.

Rocky's and Gertie's data indicate that, although they were responding
at above chance levels on relationals, their performance on single-object
triails was much better (exceeded 90% correct responses). Ake's data
shows the same marked differences for probably the same reasons. We
will attempt to demonstrate that Herman'’s interpretation of Ake’s perfor-
mance on relational instructions is not the most parsimonious explanation
supported by his data and that both Ake’s and the sea lions’ data better
support a different interpretation.

First, almost all of Rocky's, Gertie's, and Ake's errors on relational
sequences were conﬂned to the Gl, the first sign or signs of the so-called
“inverse grammar,” those indicating the goal item (Herman's indirect ob-
ject). Table 9 lists the proportion of total errors attributable to each element
of the sign sequence. The table supports our viewpoint that when Ake
and the sea lions attempted to carry out a relational command they would
either be correct (and obtain a food reward) or they would take the appro-
priate Tl to the wrong Gl (and not be reinforced).

One factor that influenced Ake's ability to setect the correct Gl was
the addition of a relative position (left/right) modifier to the Gl (Herman et
al., 1984). This apparently allowed Ake to remember the object’s position,
an easter mental task than remembering its identity encoded by the object
sign. For Ake, the sign sequence form M+ Gi+ TI + A resulted in a higher
percentage of correct responses than the sequences Gl+M+Ti+A or
Gl + TI+ A. The modifiers given to Rocky referred to object qualities (size/
brightness) rather than object positions and there was, therefore, a decre-
ment in performance on Gl-modified relationals.

We found that factors not analyzed by Herman et ai. influenced the
sea lions’ performance of relational sequences but not on single-object
sequences. These factors may have had an eﬁect on Ake’s performance
as well. They include:

(1) The number of objects in the pool.

(2) Bias for goat items.

(3)Whether a goal item was fixed in space, that is whether it was a

transportable or nontransportable object.

(4) Whether the goal item and the transported item were reversed on

successive trials.

The Effect of the Number of Objects in the Pool
If, as we hypothesize, the sea lions had difficulty selecting a Gi and
were often selecting the Gf object at random (“guessing”) then their perfor-
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mance should vary with the number of objects available in the pool. Our
data from the three-sign baseline relationals and from Rocky's reversal
experiment support this hypothesis; the percentage of correct responses
increased as the number of choice items decreased (Table 10).

Table 10

Effect of Number of Objects on Rocky's Probability of Making a Correct Response (CR)

Number of Objects in Pool

3 4 5 6 7 8+
Relational instruction
Expected prob.* 0.50 0.33 0.25 0.20 0.17 0.14
Bassline prob.? 0.40 0.43 0.38 0.30 0.25
Baseline (N) (5) (44) (58) (44) (20)
Reversalprob.® 0.50 0.39 0.28
Reversais (N) (32) (89) {99)
Single-object instruction .
Expected prob.4 0.33 0.25 0.20 017 0.14 0.13
Baseline prob.® 0.97 0.98 0.94 0.92 0.94
Baseline (N) (33) (231) (279) (160) (179)

'Expected = 1/(x-1}, where x = the number of objects present during the trial.
2Baseline prob. = three-sign baseline relational triais to transportabie Gls for January, 1987.
SReversal prob. = familiar three-sign relational trials from the reversal experiment.
‘Expected = 1/x, where x = the number of objects present.

5Baseline prob. = total 2-, 3-, and 4-sign single-object trials for January, 1987.

Table 10 also shows that Rocky's performance on single-object in-
structions did not vary as a function of the number of available objects.
Table 11 presents the same type of data for Gertie. Even though she
received a different signaling procedure and did not usually have as many
objects in the pooi as did Rocky, Gertie showed the same difference in
performance on relational versus single-object instructions.

These results strongly support the notion that there were only two
rules im‘luencing both Gertie’s and Rocky’s performance: one rule for inte-
grating signs in order to act on a single object and a second rule for taking -
that object (T1) to one of several available Gls. As we have previously
noted, Table 7 shows that the number of signs that are given in a sequence
is relatively trivial. Rather, the critical factor is retaining information about
the first designated object (Gl) in a retational sequence. Despite the fact
that Rocky produced an orientation to the appropriate object when the Gl
sign (the first object sign in the relational sequence) was given, information
in the second object sign apparently interfered with memory for the first
sign (retroactive interference). Although Gertie did not give an obvious
orientation response like Rocky’s, her behavior during the signaling pro-
cess indicated that she was not ignoring the first sign, but probably, like
Rocky, had difficulty retaining the information conveyed by the first sign
because of interference from information conveyed by the second object
sign.
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Response Bias for Goal Items on Novel Complex Reiationals

Rocky’s performance on the 16 trials with positive Gl objects was
significantly above chance, X2(2) = 19.0, p < 0.01, whereas her perfor-
mance on the 16 trials with nonpositive Gl objects remained at chance,
X?(2) = 1.3, p > 0.1. The resuits are presented graphically in Figure 3.

Table 11

Effect of Number of Objects on Gertie's Probability of Making a Correct Response (CR)

fNumber of Objects in Pool

3 4 5 6 7+

Refational instruction

Expected prob. 0.50 0.33 0.25 0.20 0.17
Baseline prob.? 0.52 0.59 - 0.43 0.34 0.15
Baseline (N) (25) {46) (58) (32) (13)
Single-object instruction :

Expected prob.? . 0.33 0.25 0.20 0.17 0.14
Baseline prob.* 0.97 0.95 0.95 0.95 0.94
Baseline (N) (69) (252) (335) (235) (70)

'Expected = 1/(x-1), where x = the number of objects available in the pool.

?Baseline prob. = total 3-, 4-, and 5-sign baseline refational trials to transportable Gis for
January, 1987. :

3Expected = 1/x where x = the number of objects available in the pool.

“Baseline prob. = total 2- and 3-sign single-object triais for January, 1987.
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Figure 3. Relative probability of a correct response on novel complex reiational instructions
containing positive Gis versus those containing nonpositive Gis.
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These results show that carrying out a novel instruction relating two
objects depends largely on bias involving the goal item. Therefore we
believe that Herman et al. (1984) have misplaced their emphasis by stress-
ing sequence novelty in their experiments. All of the trials in this experiment
were nove! combinations. Both their data and ours show that factors related
to coding the GI in short-term memory, such as object number, position
modifiers (Ake's LEFT/RIGHT modifier), or Gl bias, have a greater influ-
ence on performance than sequence noveity.

~In fact, the response bias experiment used with Gertie employed
familiar, rather than novel, relational sequences, but the results (Table 12)
do not differ appreciably from the results obtained from Rocky using only
novel sequences. Gertie's performance on 60 relational trials to non-
transportable Gls was considerat);}z better than her performance on 60
similar trials to transportable Gls, X<(1) = 4.9, p < 0.1. Furthermore, only
her performance on trials with preferred, nontransportable Gis was above
chance, X?(2) = 6.4, p < 0.05. The number of correct responses to
transportable Gls was not significantly above chance, X?(2) = 2.0, p> 0.1.

Table 12

Gertie’s Performance on Relationals as a Function
of Transportable and Nontransportable Goal tems (Gls)

Total Trials Obs.CR(prob.) Exp.CR(prob.)

Transportabie Gl 60 0.13 0.17
Nontransportable Gi 60 0.30 0.17

Relationals to a Nontransportable Gl

Both Rocky and Gertie showed a positive bias for nontransportable
Gls. Since Gertie had no positive bias for Gis other than the nontransport-
able Gis her positive/nonpositive experiment was based on her perfor-
mance with nontransportable Gls versus her performance with transport-
able Gls (see preceding section).

When Rocky was given novel 3-, 4-, and 5-sign relationals to non-
transportabte goal items her performance was significantly above chance
(Table 13). As preveiously noted in Table 4, nontransportable objects
(WATER, PERSON) were highly positive Gls. In Figure 4 Rocky’s perfor-
mance on famifiar three-sign relationals to nontransportable Gis is com-

Table 13

Rocky's Performance on Novel Complex Relationais to Nontransportable Gis

_ Object Total Trials Correct (Obé.) Correct (Exp.) xX* Values p Values
WATER ‘ 21 14 4 29.5 <0.01
PERSON 21 9 4 7.0 <0.05

Total 42 23 9 273 <0.01

Note, df = 2 for all chi square values.



DOLPHINS AND SEA LIONS: COGNITIVE SKILLS 337

pared to her performance on three-sign relationals to transportable Gis
and to performance expected by chance.

In Table 14 numerical data from three different time periods are pre-
sented for tamiliar three-sign relationals to a nontransportable Gl and to
a transportable Gl. The two sets of data are then combined to show how
the relative proportion of relationals to positive destination objects (such

Table 14

Rocky's Performance on Familiar Three-Sign Relationals
to Transportable and Nontransportable Gis

Probability of Correct Responses

Jan-Feb86 May-Jun86 Sep-OctB6
Transportable Gi 0.25 (50/200) 0.41 (82/200) 0.40 (80/200)
Nontransportable Gi nfa’ 0.69 (49/71) 0.77 (48/62)
Total (Trans + Nonj 0.25 (50/200) 0.48 (131/271) 0.49 (128/262)

Nontransportable objects were introduced after February, 1986.

as nontransportable objects) can alter the animal’'s overall performance
level. Without breaking down the data on relational sequences into
categories of Gls (such as nontransportable and transportable or positive
and nonpositive) it is difficult to determine what factors influenced the sea
lions Gertie and Rocky or the dolphin Ake in arriving at a correct solution
of the relational problem.

In the original report by Herman et al. (1984) data were not divided
into transportable and nontransportable GlI categories. In a subsequent
paper Herman (1986) noted that there were fewer errors in Ake’s relationals
to a nontransportable Gl (his “relocatable object”), but he did not provide
quantitative data on the relative error rates of relationals to transportable
versus nontransportable Gls, nor on the proportion of trials to nontransport-
able versus transportable Gis. These quantitative data are needed to
assess the relative contributions of response biases to Ake’s performance
of refational instructions (as opposed to correct Gl identifications).

Reversals

The reversal experiment was designed to assess the relative effect
of sign sequence and memory for object type on Rocky's performance of
relational fetches. A feature of relational sequences that is not present in
single object sequences is that elements can be transposed to create a
sequence with new meaning. For example, the sequence BALL, RING
FETCH can be changed to RING, BALL FETCH to make two legal, but
different, instructions. The sea lion can extract the correct information from
the sequence only if it understands that sign order is important. If sign
order is ignored the information in the signs themselves is not sufficient
to yield an unambiguous message.

One might expect that Rocky's previous experience with sign transpo-
sition would predispose her to ignore sequence. Her two classes of modifier
signs (size and brightness), when used in conjunction, are transposable,
that is, both BLACK LARGE CONE and LARGE BLACK CONE can be
used to indicate the same object. Rocky accepted such transpositions
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from the time of their first introduction (Schusterman & Krieger, 1986).

As Herman et al. (1984) pointed out, if the role of sign sequence in
determining which object is to be the GI and which is to be the Tl is not
well understood or remembered by the animal then we might expect a
number of errors in which the correct objects are used but in reverse
relation (Gl used as Tl, Tl used as Gl). If this were the case, by reinforcing
an original just before running its reverse, we might expect even more of
these errors on the reversal due to the interference eftect of the previous
sequence. In fact, Rocky made no such errors on either the original instruc-
tion or its subsequent reversal (Table 15).

[Jchance

Observed (Transportable GI)

80 Observed {Nantransportable GI)

.70+

.60 1

.50

404

PROB. CORRECT RESPONSE

.30 -

.10 4

N

Jan-FebBS May-Jun88 Sep~-0ct8s

Figure 4. Rocky's performance on three-sign baseline relationals to transportable and non-
transportable Gls compared to predicted chance performance.

If, in contrast, the goal item in a relational sequence is not remembered
then a preceding reinforced relational containing the same elements, albeit
in a different order, might improve performance on the subsequent reversal
by priming memory for the objects involved (Domjan & Burkhard, 1986).
if, for example, the sequence PIPE, BALL FETCH is performed and rein-
forced, when the reverse sequence BALL, PIPE FETCH is given, Rocky
would be primed to respond to the two objects, ball and pipe. Furthermare,
Rocky will not have to choose the Gl from two objects primed in memory
since she is using one of the primed objects as the Tl.

i

|
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The other plausible priming scenario would yield the same effect. If,
as we have previously hypothesized, Rocky has dm‘aculty remembering
the Gi, but readily retains the Tl of the original command in memory, then
the Gl of the reversal will still be primed. In simplified form we can think

Table 15

Rocky's Performance on Relational Reversal Pairs

Total Trials Reversa! Errors’
Original 166 o 0
Reversal 54 ‘ 0

Yf the instruction CUBE, RING FETCH is given, a reversal error response would be RING,
CUBE FETCH.

of the original command as the A-B sequence; if only the latter eiément.
B, is primed, then on the reversal (B-A) the hard to remember element
(the first) is the one that has been primed.

Tabie 16

Correct Responses to Relational Reversal Pairs

Total Trials Correct Responses %
Originals 166 54 (32.5)

Reversals 54 25 (46.3)

Table 16 shows that Rocky did perform considerably better on the
reversal sequences than on the originals, X2(1) = 3.4, p < 0.1, one-tailed
test. These resuits suggest that presenting signs referring to the same
object on successive trials, despite their reversed order, enable Rocky to
“rehearse” or better attend to the signs and their associated referents.
Additional experiments of this kind, especially one where the sequence
was responded to incorrectly and followed by a reversed sign order, should
give us a much better understanding of the variables involved in what
Herman et al. (1984) have called “comprehensuon of semantically revers-
ible sentences.”

Modifier Reversals

Herman et al. (1984) attached great significance to Ake’s apparent
ability to correctly assign a centrally placed modifier to the appropriate
object in the sign sequence Object + Modifier + Object + Action. They
attribute this ability to a “precedence rule” that indicated Ake understood
“how modifiers may be attached to object names” and considered the
correct assignment of the modifier to the appropriate object as another
indicator of “the considerable sensitivity of the dolphins to syntactic struc-
tures” (Herman et al., 1984, p. 199).

We, in contrast, consider this a perfect example of the danger of
applying complex grammatically rooted explanations to phenomena that
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admit a simpler explanation. in fact, the dolphin cannot misassign the
modifier, because the objects in the pool will not aliow it. If the sign se-
quence BALL, LEFT PIPE is given there must necessarily be only one
ball, but two pipes in the pool. How could the animal express an incorrect
assignment of the LEFT modifier sign to BALL if there were not two balls
from which to choose?

With the understanding that context would not allow an inappropriate
response of the form Herman et al. (1984) hypothesize, we ran 10 novel
modifier reversal pairs (Table 17). Remember that in these relational se-
_ quences “reversal” refers to the positional shift of a modifier from preceding
the Gi to preceding the Tl or vice versa. Thus the modifier-reversal of the
instructional SMALL BALL, CUBE FETCH becomes BALL, SMALL CUBE

FETCH. :
Table 17

Rocky's Performance on Novel Reversed-Modifier Pairs

Formof Original Original Raversal Total

Four-Sign Sequence

M+Gl+TI+A 0.57 (4/7) 0.75 (3/4) 0.64 (7/11)

Gi+M+Ti+A 0.31 (4/13) 0.25 (1/4) 0.29 (517)
Five-Sign Sequence .

M1+M2+GI+TI+A 0.50 (1/2) 1.00 (1/1) 0.67 (2/3)

Gl +M1+M2+TI+A 0.33 (1/3) 1.00 (1/1) 0.50 (2/4)
Total 0.40 (10/25) 0.60 (6/10) 0.46 (16/35)

Rocky’s overall performance was significantly better than chance,
X?(3) = 16.5, p < 0.01. There was no decrement of performance on
modifier-reversals relative to originals as might be expected if modifier
assignment on the original was confusing Rocky’s modifier assignment
on the reversal (Table 17). We were also able to use Rocky's orienting
behavior during the signal sequence to verify that Rocky was indeed incor-
porating the modifier into the orienting response for the appropriate object
(see Figure 1 for an illustration of the orienting behavior).

Anomalous Sequences: Type [

Herman et al. (1984) called these sequences anomalous because the
substitution of another action sign for the relational fetch action creates a
sequence that cannot be carried out using the rules the animal had learned
up to that point. The animal therefore had to “create” a response to the
new sequence. Ake consistently (on 11 of 12 trials) performed a single
object response to the correct second object using the correct action. The
first object sign was either ignored or forgotten. Herman et al. (1984)
interpreted this outcome as indicating that Ake processed but rejected the
first sign and acted only on the second object plus action because it was
the only legitimate instruction, given her linguistic abilities. They consider
the possibility of a recursive solution to the problem (performing the indi-
cated action to each of the two objects in succession) and interpret Ake's
failure to produce the recursive solution as a possible learning limitation
in dolphins generally.
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However, within their linguistic model, there are additonal, equally
consistent, potential outcomes. For example, Ake couid have rejected the
action sign as being inappropriate and acted on the two object signs as
implying a relational command, or she could have rejected the second
object sign rather than the first. When tested on the same problem, Rocky
performed almost exaclty as Ake had. In 11 out of 12 anomalous sequences
of the same form, Rocky responded by performing the correct action to
the second signed object (Table 18; p < 0.01, binomial test). These results
are virtually identical to those obtained from Ake. We interpret Ake’s and
Rocky's response to the anomalous sequence as we did the earlier finding
that errors on relational constructions are most frequently Gl errors. These
findings are consistent with the notion that both Rocky and Ake use just
two rules to comprehend all sets of instructions; namely, one rule to desig-
nate an object and another rule for bringing that object to another abject.

Table 18

Rocky's Responses to Anomalous Command of the Form Gl + TI+ A
{where A is an action that had not been associated with two object signs prior to the experiment)

Sign Sequence Given Response
CUBE, BALL TAIL-TOUCH BALL TAIL-TOUCH
CLOROX, FOOTBALL UNDER : FOOTBALLUNDER
CAR, BAT OVER BATMOUTH
BALL, BATOVER BAT OVER
DISC, BALLOVER BALLOVER
FOOTBALL, WATERWING TAIL-TOUCH WATERWING TAIL-TOUCH
PERSON, DISC MOUTH ' DISCMOUTH
WATERWING, PIPE MOUTH PIPEMOUTH
WATER, BAT UNDER BAT UNDER
WATERWING, CAR FLIPPER BLACK RING, CAR FETCH
RING, WATERWING OVER WATERWING OVER

BALL, CUBE FLIPPER CUBEFLIPPER

These rules require that the animlas depend on sign sequence alone
to assign the appropriate meaning to each sign. Syntax, in the human
grammaticat sense, can change the meaning of words based on types of
structural dependency other than word order. In the simplified language
used in these experiments the syntax is only serial order or sequence,
where the signs are related to each other only in terms of sequence and
never in any other way. In human language the sequence can be changed
and its meaning still remain the same. For example, “The boy bit the dog”
and “The dog was bitten by the boy” means the same thing because it is
always the dog that is acted upon by the boy, despite changes in the
positions of the nouns.

Anomalous Sequences: Type Il

Type Hf anomalous sequences include a variety of sequence types
designed to assess how Rocky processed sign sequences. The sequences
are listed in Table 19 and have been subdivided into:
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(a) transposed sign sequences in which a familiar sign sequence has
its component signs rearranged in a novel form,

(b) omitted sign sequence in which a sign type normally present has
been deleted from the sequence, and

(c) added sign sequences in which a S|gn type is present in the
sequence more times than usuat.

Rocky's orienting responses are given in parentheses in Table 19, so
that the type of sign given and the observed response can be easily
compared. Since she gave a distinctive’ orienting behavior after receiving
an object sign, and another distinctive stereotyped behavior when she
received a modifier sign, an inappropriate response on her part was infor-
mative about the type of sign she was anticipating. A dash was used if
Rocky did not move her head from station when a signal was given. Since
Rocky shows no overt response to an action sign, it was not possible to
tell whether Rocky was not responding to the sign or treating it as an
action sign.

Her responses to these anomalous sequences indicated that Rocky
relied primarily on sign order to organize the information conveyed by the
signaler's gestures. The fact that Rocky balked on transposed sign se-
quences containing all the necessary elements indicates that she is sen-
sitive to the ordering of the signs. When the standard sequence was
violated her orienting responses sometimes indicated that she was an-
ticipating a different sign. For example, when given an action sign after a
modifier sign in the sequence O + M+ A, she performed an object orienta-
tion on the action sign. Her previous experience would lead her to expect
an object sign after a modifier sign.

Likewise, when she was given the added-modifier sequence BLACK
LARGE WHITE BALL TAIL-TOUCH, she performed an object orientation
in response to the third modifier sign, probably because she expected an
object sign to follow two modifiers, rather than a third modifier sign. When
she was given the sequence WHITE OVER and oniy a black and white
bali were present, the information was sufficient for Rocky to make a
choice, but she did not respond (she balked). This could be interpreted
either as her treating the modifier sign as an abstract property that must
be assigned to an object, or as sensitivity to serial order (i.e., modifier
signs must be followed by object sngns and action signs must be preceded
by object sngns)

Finally, in the sequence with an added action sign (O+ A+ A) only
the action sign immediately following the object sign was performed. Such
a response fits with the hypothesis that the sign sequence gives meaning
to the sign. An action sign not preceded by an object sign was out of
context in this sequential language and was ignored by Rocky just as the
first object sign was ignored in the Anomalous Sequences | (refer to Table
18).

Although sign sequence appears to be the major factor guiding
Rocky's interpretation of the instructions, there is evidence that she clas-
sifies signs into functional categories as well. For example, Rocky's be-
havior following action signs was the same regardless of the action sign's
position in the sequence (i.e., she stopped orienting to all subsequent
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Table 19

Rocky's Responses to Type Il Anomalous Sequences

Sign Sequence ‘ Response
Transposed Signs
O+M+ A !
CUBE SMALL MOUTH : balk
(0) M) (O) :
BALL BLACK FLIPPER , balk
©) M) () ‘
O+M+M+A
CUBE BLACK SMALL UNDER balk
©) (M) (M) )
M+OC+M+A ‘
LARGE BALL WHITE OVER balk
M) Q) ™M ) ‘
A+0O
TAIL CAR balk
¢ ¢
O+A+0
WATERWING FETCH CLOROX balk
(©) ) ) ’
A+0+0
" FETCH FOOTBALL WATERWING : balk
() ) ()
Omitted Signs
M+ A ; ‘
WHITE OVER ‘ balk
M) () ‘ (
LARGE UNDER ‘ baik
(M) ©)
O+A
BALL OVER ‘ ~ WHITE BALL OVER
0 :
CLOROX UNDER BLACK LARGE CLOROX
(0) ¢ OVER
Added Signs
M+M+M+O+A f
BLACK LARGE WHITE BALL TAIL 0 DISC, LARGE WHITE
(M) (M) (@] Q ¢ . ‘ BALL FETCH
O+A+A
CAR UNDER MOUTH CAR UNDER
© ¢ ) | |
CONE OVER TAIL-TOUCH f CONE OVER

e )

0O = object signal. )

(O) = typical orlenting response to an object signal.

M = maodifier signal.

(M} = typical response to a modifier signa.

A = action signal.

(-) = no discernable response, which usually occurred when Rocky was given an action signal.
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signs). As noted earlier, she accepted transpositions of modifiers, and did
so the first time the double modifier was introduced (Schusterman, unpub-
lished data). She did not accept transpositions of objects and actions,
modifiers and actions, or modifiers and objects.

She also treated modifier signs differently from object and action signs
in that she performed an action to a correct object type if a necessary
modifier was omitted, but batked on a M+ A sequence when an object
sign was not needed. For example, if there were a large and a small bail
in the pool (along with other object types), she responded to the sequence
BALL FLIPPER by performing a BALL FLIPPER response to one of the
balls, even though the signs given were not adequate to specify to which
particutar ball the action was to be directed. When a modifier and action
were given (e.g., WHITE OVER) she did not perform the indicated action,
even though, in this case, the information given her was sufficient to
indicate the correct response object.

Calculating Probabilities of Chance Correct Responses

No matter how complex the task, there is some probability that the
animal could produce a correct response by chance alone. Herman et al.
(1984) recognized that “models of completely random choice are inappro-
priate, and not conservative, given what is known about the dolphin's
responses.” We disagree, however, with their contention that there is not
sufficient information to choose a model for calculating the probability of
a chance correct response based on performance of elements or groups
of elements within the sign sequence (a “phrase structure“ model, in their
terminology).

We have shown that errors in relational sequences are almost always
Gl errors, and this is true for both Rocky and Ake. We have further shown
that Rocky's performance on relationals varies with the number of objects
available, unlike her performance on singte-object sequences which does
not vary with the number of objects present. We suspect that a similar
analysis of Ake's data would yield a similar result. These data indicated
to us that the relational action and object to be transported (T} were not
being selected by chance, and that the probability of correctly completing
the entire instruction rested principaily on the probability of Rocky going
to the correct goal item (Gl).

Factors that enable Rocky to retain the goal item’s identity in memory,
such as positive object bias, object mobility (nontransportable objects), or
successive trials with the same objects (reversals), affected Rocky's ability
to successfully perform relational instructions. We believe that the same
variables probably affected the dolphin Ake's performance on relational
fetch sequences.

Sequence noveity, heavily emphasized by Herman et al. (1984), did
not appear to significantly affect Rocky's or Ake's performance, when
compared with performance of familiar sequences. Thus once Rocky had
learned the basic three-sign relational instruction, she was capable of
successfully completing novel relational instructions of seven signs. Em-
phasizing sequence novelty and the potential number of unique sequences
within a sequence type (e.g., three-sign relationals), as Herman et al.
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(1984) have done, does not reflect some of the most critical variables
actually affecting performance of the animals.

Furthermore their method of using the potential number of unique
sequences within a type imposes some unrealistic assumptions about the
animal’s potential responses. First, this method assumes that all the objects
are available to the animal in every trial (since they assume that the animal
can produce any sequence within a type). However, all objects are not
present for every trial. If there is no “fish” item present (see Table 1 in
Herman et al., 1984) then all potential responses using the item “fish” are
obviously impossible and shouid not be included in a calculation of the
probability of a correct response. Their method also excludes responses
outside the sequence type, yet such responses are quite possible. For
example, if a three-sign relational instruction was given, but Ake used one
of two hoops (left and right) as a Gl, would her response then be considered
a four-sign relational?

For these reasons we rejected the method used by Herman et al.
(1984) to calculate the probability of a correct response to a relational
instruction by chance and instead chose to make the probability of a
chance correct response to such an instruction dependent on the number
of goal item choices available.

Summary and Conciusions

In ALR, efforts at demonstrating syntactic competency based on sym-
bol sequentiality have produced ambiguous results (Terrace, 1979). How-
ever, this paper suggests that, with similar training and testing regimens,
two different types of marine mammais—the high EQ bottlenose dolphin
and the lower EQ California sea lion—show similar abilities to cognitively
process a syntax consisting of ordered strings of signs relating two objects.
We believe that such an explanation relies on learning and cognitive skills
and not on linguistic skills as such. |

Both sea mammals responded at better than chance levels to novel
sets of instructions (conveyed by a trainer's gestural signs) by carrying
out different behaviors depending on the serial order of the signs. Even
with the same signs, differences in sequence convey differences in mean-
ing, for example, the sign sequence BALL, BLACK PIPE FETCH produces
the instruction “take the black pipe to the ball” whereas the sign sequence
BLACK BALL, PIPE FETCH produces the instruction “take the pipe to the
black ball.” By using the relational sequence rule the sea lion Rocky was
even capable of correctly carrying out novel commands containing as
many as six or seven signs (e.g., BLACK SMALL FOOTBALL, LARGE
BLACK CUBE FETCH,; glossed as “take the large black cube to the black
small football.”). This suggests that, by using a sequence rule, both marine
mammals perceived that modifier categories depend on the object category
while object categories remain distinct from one another except when
followed by the relational term FETCH. In Rocky's case, the different role
of modifier and object signs was corroborated by anomalous sequences
in which either modifier or object signs were omitted. When modifier signs
were omitted Rocky nevertheless responded to the correct object type
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with the correct action; when object signs were omitted, even though the
modifier sign alone supplied enough information for a correct response,
Rocky did not respond (she balked).

In one experiment we showed that if relational instructions between
two objects were reversed immediately following a successful response
then the likelihood of correct responses was higher on the reversals than
on the original relational instructions. Thus Rocky was more likely to take
the ball to the pipe when give the sequence PIPE, BALL FETCH than she
was to take the pipe to the ball when she was given the immediately
preceding instruction BALL, PIPE FETCH. We attribute better performance
on reversed relationals than on original relationals to a priming effect. That
is, since the first signed object is sometimes either ignored or forgotten,
we believe that presentation of signs designating the same objects on
successive trials (despite their reversed order) enables the sea lion to
think actively about the signs and their associated referents.

Further experiments have corroborated the idea that California sea
lions can be trained to be as sensitive to the sequentiality of signs as
dolphins. For example, if the standard sequence (Modifier) + Object +
Action was changed to Object + (Modifier) + Action, the sea lion Rocky
would not even leave station. And when given a series of commands like
PERSON, DISC MOUTH, Rocky, like the dolphin Akeakamai, mouthed
the disc and ignored the person. These responses to unfamiliar, novel
sequences are explicable in terms of just two learned rules:

1. if an object is designated by one, two, or three signs (an object
sign and up to two modifiers), then perform the designated action
to that object.

2. if two objects are designated (again, by one to three signs each)
and the action is FETCH, then take the second designated object
to the first.

The animals’ responses do not require the ability to treat the signs as
syntactic elements in the full grammatical sense of that term,

We believe that sea lions, like doiphins, that have been conditioned
to associate signs and objects, code things and dimensions imaginally
and not in words or “grammatical terms.” The grammatical thinking of
animals is in the eye of the beholder: it is an error due to our own thinking
in a formal grammar and therefore expressing the phenomena in such
terms. The sea lions Gertie and Rocky, like the doiphin Ake, apparently
learned two rules and were able to apply them quite effectively under a
variety of circumstances.

What, then, are some of the mental ‘tools needed for a simplified
language? We conclude that the precursors of language are likely to be
found in animals that are at least capable of combining the following
learning and cognitive skills:

(a) Paired associate learning or higher order conditioning.

(b} Perceiving and categorizing objects and events into class and
relational concepts—each with their own subcategories
(Thomas, 1980).

(c) Acquiring conditional sequential discriminations.
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