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ABSTRACT

Three experiments were carried out with an Atlantic bottlenosed

dolphin (Tursiops truncatus, Montague, 1821) named Akeakamai (Ake).

Ake was a subject. in a series of long-term language studies, and had

been shown capable of reporting on the presence or absence of named

objects in response to both imperative and interrogative sentences.

The present studies investigated Ake's definition of presence and

absence, the relative effects of number of objects and length of delay

on memory for the presence or absence of named objects, and the ability

to report on relationships between objects.

Testing took place in one of two circular, outdoor, sea-water

tanks each l5.2-m in diameter, and l.5-m in depth. The outside of the

tank walls rose .9-m above the laboratory's concrete deck. The two

tanks were connected by two parallel channels, separated by a 25 cm

thick wall level with the top of the outside walls. Ake lived and was

tested in either of the two tanks, along with a second dolphin named

Phoenix.

In Experiment 1, objects were shown to Ake and then a) either

thrown into the tank or returned to a tanks ide assistant outside the

tank wall, b) thrown behind the wall of the channel between the tanks

where Ake could not see them, or c) thrown completely across the two

channels so they landed out of the tank on the other side. Ake was

then asked, through a gestural language, whether or not one of six
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named objects was present in the tank. The critical determinant of

whether or not Ake reported an ,object as present appeared to be whether

she had seen it pass over her head, as if being thrown into the tank.

The results dBmonstrated that Ake did not need to see or hear the

objects at the time of the sentence in order to make a judgement about

their presence or absence.

In Experiment 2, a delay was introduced between presentation of

the objects, and the gestural sentence. Ake was shown either one, two,

or three objects, and then given a sentence after either 5, 10, or 15

seconds. The results showed that, within the delays tested, increasing

the number of objects produced a marked decrement in accuracy of

responding, while increasing the delay had no significant effect. A

strong recency effect was found in both the 2-object and 3-object

conditions, with.more recently introduced items more accurately

classified correctly as "present" than earlier-introduced objects.

Performance decrement appeared to be a result of processes operating at

the time each object was shown, and not as a result of processes

operating during the retention interval.

In Experiment 3, Ake was instructed to respond to two objects,

either by fetching one object (the Direct Object) to another (the

Indirect Object), or by putting one on top of the other. On some

trials, both the Direct Object and Indirect Object were present in the

tank when the sentence was given. On other trials, either the Direct
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Object, or the Indirect Object, or both were missing. When both named

objects were present, Ake sometimes took the Direct Object to the

Indirect Object, and sometimes took the Direct Object to the Yes

Paddle. When the Indirect Object was missing, but the Direct Object

was present, Ake took the Direct Object to the No Paddle. When the

Direct Object was missing, or both objects were missing, Ake pressed

the No Paddle in response to the signer's instruction. Transporting

the DO to the Yes or No paddles in most cases accurately reflected the

state of the 10, and was an untaught behavior developed spontaneously

by Ake.

The overall results demonstrated the dolphin's ability to maintain

an inven~ory Q~ item representations in memory, to make judgements

about the status of named objects and report that status using

arbitrary responses, and to report on the relationships between objects

named in complex instructions.
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CHAPTER 1

Introduction

One of the most heated controversies in the study of animal

cognition during the past decade has been the ql~stion of animal

language (Herman, 1987, 1988; Premack, 1986; Savage-Rumbaugh, 1986;

Schusterman & Gisiner, 1988; Terrace, 1979). Following on early,

unsuccessful attempts at teaching chimpanzees to use human language

(Hayes, 1951; Kellogg &Kellogg, 1933) the idea of animals having

language was first discounted out of hand (Hockett, 1960), and later

ridiculed (Sebeok & Umiker-Sebeok, 1980; Epstein, Lanza, & Skinner,

1980). Nonetheless, the 1970's witnessed an intense effort by a

variety of methods to demonstrate competent language-use by non-humans

(Gardner & Gardner, 1971; "Herman, 1980; Patterson, 1978; Pepperberg,

1981; Premack, 1976; Rumbaugh, 1977; Terrace & Bever, 1976; also see

thorough reviews by Ristau & Robbins, 1982 and Herman, 1987).

Currently, the issue of whether animals do or do not have language

has come to be recognized as somewhat specious, for two general

reasons. First, the debate has too often been resolved by simply

begging the question, either by excluding what non-humans do from the

realm of language by fiat (Hockett, 1960; Hockett & Altmann, 1968), by

inventing as yet undefined biological structures, processes, or perhaps

accidents that allow language to emerge as a unique human feature

(Bickerton, 1984; Miller, 1981; Premack, 1986), or by trivia1izing the
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qusstivn WL~n use vf iLLelevauc tests (Epstein, Lanza & Skinner,

1980). Second, and perhaps most importantly, no one yet seems able to

say with certainty what language is (Danto, 1983; Pepperberg, 1986;

Premack, 1986; Roitblat, 1987).

Current approaches to the investigation of animal language address

a far wider and richer array of questions than "do they or don't

they?" In a series of studies spanning nearly two decades, Herman and

his colleagues have worked to describe the characteristics of dolphin

cognition. A wide variety of non-invasive behavioral studies have been

used to understand the dolphin's perception of, and memory for, complex

events in its environment. The work has been carried cut with seven

bottlenosed dolphins (Tursiops truncatus) to date. Three general

aspects of dolphin cognition have been addressed (Herman, 1980):

ability to encode, store, and retrieve information from memory; ability

to form concepts, define relations, and develop efficient, rule

governed response strategies; and ability to comprehend the

instructions of a human-like language.

Herman (1980) views such work as a significant aspect of the

challenge facing comparative psychologists and cognitive ethologists:

to elaborate the general and specific structures of cognition, its

continuities and discontinuities across species, how the described

cognitive characteristics for given species may relate to the

ecological and social pressures of that species' natural world, and

what pressures may select for the evolution of particular cognitive

traits (Herman, 1980; 1986). In apparent agreement, Premack (1986)
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points out that we need to know not only about the structure and the

functions of cognition, and the relationships between them (Miller &

Chomsky, 1963), we need also to know what the structure "costs" the

animal in biological (resource) terms. Behavior must be explained

within the context of the organism's total behavioral repertoire

(Roitblat & Herman, 1987). Herman views the study of competencies of

animals in language-like tasks as an important way to ~xpand our

knowledge of the cognitive abilities, specia~izations, and limitations

of other species (Herman, 1987).

The dolphin language work began by assessing the dolphin's ability

to comprehend lexical, semantic, and syntactic aspects of an

artificial, rule-based, language (Herman, 1980; Herman, Richards, &

Wolz,"1984), and has more recently made modest beginnings at

demonstrating production through vocal labelling of language objects

(Richards, Wolz, Herman, 1984; Richards, 1986); as well as the ability

to report the presence or absence of symbolically-named objects

(Forestell & Herman, 1986; Herman and Forestell, 1985a).

Object Reportin1!: Presence or Absence

The object-reporting paradigm described by Herman and Forestell

(1985a) introduced two significant advances in the dolphin language

work First, the repertoire of the dolphin was expanded to include the

interrogative sentence format. Second, the dolphin was provided with a

symbolic capability, in the form of binary (Yes/No) responses, to
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respond to limited questions about the current status of named

objects. The reporting procedure tested the dolphin Akeakamai's

ability to indicate whether or not a symbolically-named object was

present in her tank. In response to questions about the presence of

named language objects, the dolphin could press on one or the other of

two response paddles to indicate object-presence or object-absence.

Briefly, Akeakamai (Ake) was given either imperative or

interrogative sentences referring tu objects that sometimes were, and

sometimes were not, in her tank. In response to imperative sentences,

she was either to carry out the action if the named object was present,

or press the paddle to her left if the named object was absent. In

response to interrogative sentences, Ake was to press the paddle to her

right if the named object was present, or press the one to her left if

the named object was absent. Using these procedures, it was possible

to test the dolphin's knowledge of the physical contents of its

immediate world, and her ability to comprehend references to objects

that were absent, as well as to those that were present.

Natural Reports of Simple Object Presence

Many species have been shown capable of informing conspecifics of

the presence of objects of biological importance. In contrast, an

important aspect of the dolphin's responses to interrogative sentences

described by Herman and Forestell (1985a) is that the objects of

reference (e.g., a BALL, a plastic HOOP, a FRISBEE, etc.) are of no

..~ . -e(~-,·,·_·-""·'
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biological relevance to the dolphin's natural world. Reports about

those objects are given through learned, arbitrary responses not part

of the dolphin's natural repertoire.

The honeybee is able to communicate information to nest-mates

concerning quantity and quality of food, and its location and distance

relative to the nest (von Frisch, 1967; Gould, 1976). Ground squirrels

have vocal signals uniquely associated with the presence of 3 predator

types (mammal, snake, raptor; Fitch, 1948). Gunison's prairie dogs are

reported to have discretely different vocalizations for hawks, dogs,

coyote, and humans (Slobodchikoff, unpubl. ms.). Primates also signal

specific predator-types with unique vocal signals (Seyfarth, Cheney, &

Marler, 1980). Chimpanzees are able to communicate the location of

food hidden at various places in an open field to conspecifics (Menzel,

1975). These examples have the following features in common:

a) they occur in the natural world of the species in question;

b) they involve reports ab~ut objects of significant biological

importance to the ~~ecies (e.g., . the presence or location of food,

predators, shelter);

c) they entail communication between conspecifics;

d) they deal only with reports of an object's presence;

e) they involve responses which are within the conventional

repertoire of the species in question.

These common characteristics limit the kind of message that can be

communicated, the context in which the communication can-occur, and the

extent to which the message can be varied in order to add nuances to
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the meaning of the signal used. Wh!le the honeybee's dance

communicates information about type and location of food (Gould, 1976),

the mess~ge has to do with what food is there, and where it can be

found, rather than serving as an indication of what food has D~ been

found, or locations where food does not exist. Similarly, the vervet

monkey calls, the squirrel vocalizations, the sounds emitted by prairie

dogs, and the chimpanzee signals, all deal with reactions to the

stimuli or objects that are present at the time. None of the species

in question have been shown capable of making reference to objects that

are absent. Furthermore, none of the species have been shown to report

the same information by any means other than species-specific

responses.

Experimental Reports of Simple Object Presence

Prior to the work by Herman and Forestel1 (1985a), there were no

direct investigations of an animal's ability to report on the presence

or absence of objects ~ §,g,. Many forms of communicating about

objects have been demonstrated by a number of the chimpanzee language

studies. The Gardners (1984), Fouts (cited in Muncer & Ettlinger,

1981), Premack (1986), and Savage-Rumbaugh (1986) all describe ways in

which their subjects were required to name objects in response to wh

questions. Each study emphasized a different aspect of interrogation,

and demonstrated a different set of abilities. Washoe communicated the

names of objects to observers whose only source of information was the
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signs of chimpanzees (R.A. Gardner & Gardner, 1984); Sarah identified

relationships between symbolically-named objects using non-iconic

plastic "words" (Premack, 1986); Sherman and Austin used symbols to

refer to specific objects, even when those objects were not present at

the time (Savage-Rumbaugh, Pate, Lawson, Smith, & Rosenbaum, 1983). In

none of the studies, however, were the chimps required to respond to

interrogatives with an explicit report of whether or not a referenced

object was present. Similarly, although an African gray parrot was

able, through specific vocal training (Pepperberg, 1985) to describe

several characteristics of named objects, the parrot was not trained to

report on whether named objects were present or absent.

The Importance of Absence as Information

Hearst (1984) emphasized the importance of exploring an animal's

ability to represent and utilize inforcation about stimulus absence as

a way of understanding how experience with absence is represented in

memory. He is interested in the extent to which species are capable of

recognizing that the absence of something can serve as a signal, or can

itself be signalled by some other stimulus. Generally, both humans and

non-humans perform better when the presence of some specific feature 1"s

the signal for a positive event, than when absence of the feature

signals the positive event. Absence, Hearst suggests, may not be an

effective signal because it generally has weak ecological validity -

"non-occurrences and omissions of some event or behavior seem generally
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less salient, memorable, ot informative than occurrences or additions"

(p. 311). Natural selection might be expected to favor species with a

strong bias toward monitoring and responding to the presence of events

rather than their absence (Newman, Wolff, & Hearst, 1980).

Hearst (1984) uses the Feature Positive Effect to buttress his

point. The Feature Positive Effect (FPE) was first reported by Jenkins

and Sainsbury (1969, 1970) with pigeons, but has also been demonstrated

with rats, cats, rabbits, and humans (cf. Hearst, 1984; p. 318). The

FPE refers to the finding that associative learning proceeds more

quickly when the presence of a discriminable feature signals occurrence

of an event, and absence of the feature signals failure of the event to

occur, than when the opposite contingencies hold. Absence of a feature

as an indication of event occurrence interferes with correct

responding. Hearst has been interested in studying whether the

interference may represent a performance, rather than learning,

deficit. It may be that the pigeons learn the difference between the

two states, but are predisposed to direct their responses to features,

rather than to their absence. Thus, when presented with two response

ke~s, one with a feature (signalling no food), and one with no feature

(signalling food), the pigeons direct their responses as a func~ion of

their biological predisposition (respond to features) rather than as a

function of what they have learned (feature means no food).

Spe1ke (1982) argued that humans are predisposed to see objects,

and then througl1 interaction with care-givers, learn to comprehend

features of the objects such as color, form, movement, and perhaps,
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presence or absence. The clarification of the representation of c~sence

hinges on understanding how experience is represented internally, and

the cognitive demands associated with the effective use of stimulus

absence. There is little empirical or theoretical analysis of how

event non-occurrence may be encoded. If presence is represented as a

collection of attributes, how might absence be represented? To what

extent might ecologically important predispositions for attending to

objects or features, rather than their absence, be overcome? Language

may well serve in such a way. While subject to many of the same

characteristics of the FPE as pigeons are, humans are able to use

verbally-mediated rules which describe an abstract concept (e.g., the

predictive feature is whether X is present or not) that can be equa11y

well applied to incidents of occurrence as well as incidents of non

occurrence (Hearst, 1984). In contrast, the pigeon's rule may remain

more stimulus-bound (the predictive feature is X), which 'is in essence

correct, but results in an erroneous response if the predisposition of

the species is to respond to predictive features rather than predictive

concept. Studies of stimulus absence may therefore shed important

light on the ability of a species to encode abstract concepts (e.g.,

presence or absence) associated with a stimulus, in addition to

encoding the more tangible features (e.g., color, shape, location) of

the stimulus itself.

To date, little formal study has been conducted on the ability of

an animal to represent and respond on the basis of the concepts of

present and absent. As Hearst (1984) remarks, "control by the absence
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of something constitutes an apparently significant, but relatively

unexplored topic" (p. 312). Gill (1971) mentions two instances of

using "no" by Lana, the chimp. Lana spontaneously and appropriately

activated the symbols for reporting to her trainer that there was no

chow in her keyboard-operated machine on two different occasions.

These instances were not investigated with further testing. Schusterman

and Krieger (1984), following receptive language procedures used with

dolphins (Herman et a1., 1984), reported that a trained sea lion balked

when instructed to carry out an action to an object not present in the

tank. While one may consider this an implicit report of object

absence, the sea lion was not trained explicitly to report the presence

or absence of objects. Herman and Forestel1 (1985a) is among the first

formal attempts at such a study.

Certain animal learning procedures, particularly those used in

psychophysical studies (Blough, 1966) might be given as evidence of

animals reporting the absence ~~ stimuli. For example, in a Go/No-Go

procedure (Schusterman, 1974), a subject makes a response if a

specified stimulus condition is in effect, and withholds responding if

any other stimulus condition occurs. A pigeon might peck a key when

the key turns red, but not peck when it is any other color. One might

wish to argue that the Go/No-Go procedure tests ability to report

whether an arbitrarily-designated stimulus is present or absent.

A second procedure known as a Serial Probe Recognition (SPR)

technique might also be used as evidence that animals can report the

presence or absence of any of a number of stimuli. In the SPR task,



11

the subject is shown a serially presented set of stimuli. A probe

stimulus is then presented which either matches one, or none of the

stimuli shown in series, and the task is to indicate whether or not the

probe matches. This procedure, originally developed for studies of

human memory (Wickelgren & Norman, 1966), was adapted by Thompson and

Herman (1977) for studies with dolphins, and by Sands and Wright (1980)

for studies of monkeys.

While the GojNo-Go or SPR procedures~ be associated with the

ability to report presence or absence, such studies may be thought of

as tests of non-referential reporting (Herman & Forestell, 1985a), in

that the stimuli of concarn are not real-world objects or events, nor

are they symbolically associated with such objects or events. In

contrast, referential reporting, as defined by Herman and Forestell

(l985a), involves symbolization of and reference to physically extant,

actual objects or events in the environment, and explicit transmission

to others of information about the presence or absence of those objects

or events. While the focus of non-referential reporting has

traditionally been to describe memory and/or sensory processes, the

study of referential reporting can be an important tool for evaluating

an animals's ability to acquire knowledge of its environment, to update

and access that knowledge, and to share that knowledge.
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CHAPTER 2 .

Background and Findings of the Reporting Procedure

The study of the dolphin's ability to report on the presence or

absence of named objects grew out of an investigation of language

comprehension in Atlantic bottlenosed dolphins (Tursiops truncatus).

Two dolphins, named Akeakamai (Ake) and Phoenix were trained according

to procedures initially discussed by Herman (1980), and described in

greater detail by Herman et al. (1984). As part of their testing, the

dolphins were given anomalous sentences, that violated either semantic,

lexical, or syntactic constraints on the artificial languages that had

been taught the dolphins (Herman et al., 1984). One type of semantic

anomaly was the "missing-object probe". Missing object probes were

imperative sentences that made reference to objects that were not

present in the tank, thereby making it impossible for the dolphin to

carry out the instruction. The probes were interspersed among

sentences referring to objects that were present. On two of three such

probes given to each of Ake and Phoenix, the dolphins spontaneously

returned to station after searching for as long as 55 sec for the

missing object.

These spontaneous returns to station were viewed as implicit

"reports" that the referenced objects were absent. The dolphins did

not respond to the anomalous sentences by carrying out the named

action to one of the other objects that were present in the tank. If,
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indeed, the dolphins were indicating an awareness that the named object

was absent, one might expect to be able to teach an explicit response

for absence, and another response for presence. Premack (1986)

suggested that "the animal's ability to separate positive and negative

exemplars establishes that it can draw the distinction in question, and

thus we should be able to teach it a name for the distinction" (p.84).

In the reporting procedure, arbitrary responses were taught, rather

than words.

Akeakamai, familiar with the gestural language, was trained to use

one of two response paddles to indicate whether a named object was

present or absent at the time of the sentence signed by a trainer.

The procedures used to accomplish this are detailed in Herman and

Forestell (1985a). The major findings of their study addressed the

issues of reference, representation, and reporting.

To report that an object is absent demonstrates two 'abilities of

interest in studies of comparative animal cognition: displacement and

abstract representation (Ristau & Robbins, 1982; Herman, 1987). A

report that an object is absent is taken as evidence that the animal

can comprehend references to objects that are displaced in time and/or

space. Displacement is considered an important test of the extent to

which a symbol refers to an object (Ristau & Robbins, 1982; Premack &

Premack, 1983; Premack, 1986; Herman, 1986, 1987, 1988; Roitblat,

1987). The use of language depends in part on an ability to comprehend

that a symbol can replace its referent for the purpose of communication

(Hockett, 1960). Symbols do not simply stand in a one-to-one
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correspondence with particular objects, but develop a quality of

meaning or reference which extends beyond immediate stimulus-response

connections (Roitblat, 1987; Savage-Rumbaugh, 1984). In order to

establish that the symbol is more than a conditioned associate of an

object, several criteria may be used, none of which is sufficient in

itself. These criteria include a demonstration that the symbol has the

capacity to be generalized to a variety of exemplars, to be used

appropriately in novel situations, to be understood in both the

production and comprehension of communicative acts, and to be used in

the absence of the actual object (Herman, 1988).

It has been shown elsewhere (Herman, 1980; Herman et al., 1984;

Richards, Wo1z & Herman, 1984) that the dolphin is able to comprehend

references to a wide variety of objects, as well as instructions to act

on those objects, even when the objects are not present at the time a

sentence is given. The dolphin's ability to understand references to

objects, whethe~ present or not, has been measured by having the

dolphin act on a named object either immediately after a sentence is

given, or following some variable delay (Herman et a1., 1984; Herman,

1986). Comprehension of the reference is demonstrated if the animal

acts directly on the named object, even if it was not present when the

sentence was given. These displacement tasks cest the dolphin's

referential understanding of symbols associated with specific objects

and actions. However, they do not test the dolphin's ability to encode

a representation of the abstract concepts "present" or "absent", or to

report on the status of symbolically-named objects.
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The reporting procedure is a useful paradigm for determining

whether the subject comprehends not just references to an absent

object, but rather, understands references to an object's absence. A

correct response to an enquiry about an object's presence or absence

requires that the dolphin not only correctly identify the object

associated with the trainer's gesture, but also understand the concept

of present/absent. The dolphin must be capable of forming an abstract

representation of the state of the object (its presence or non

presence) in addition to representing the unique defining features of

the object itself. The problem can be solved not by thinking of an

object, but by thinking about the object, a higher level of abstraction

considered an important aspect of language ability (Premack, 1986).

Comprehension of a symbolic reference to an absent object

constitutes one demonstration of the equivalence of a-symbol and its

referent. However, as pointed out by Risltau and Robbins (1982), the

relationship between a symbol and its referent is multi-faceted.

Besides substituting for the presence of the actual object, a symbol

should involve "freedom from task and context specificity so that the

symbol can be used cognitively in a variety of ways" (p. 306). Terrace

(1984a) has emphasized the importance of showing that animals are able

to recognize that "signs can convey information other than mere

demands" (p. 201). Such an ability could, in part, be demonstrated by

having the animal "exchange information about objects that are not in



16

view" (p. 200), engage in "discussion of events displaced in space and

time" (Roitblat, 1987, pg. 278), or respond to questions about

symbolically-named objects, even when the objects are not present at

the time of reference (Ristau &Robbins, 1982).

In the reporting procedure, imperative instructions to carry out

actions to objects which mayor may not be present, are inter-mixed

with interrogative sentences querying whether a specified object is

present. These contrasting ways of using symbols for objects which may

be either present or absent provide an interesting aSYmmetry in the

types of responses that may be given. The subject has two different

ways of reporting that an ~bject is present (either by carrying out the

action specified by an imperative sentence, or by pressing the Yes

Paddle in response to an interrogative sentence). In contrast, a

report that an object is missing (a response on the No Paddle), is

equivalent for both types' 'of sentences. Both the variety of responses

and the aSYmmetry of correct paddle use favor an explanation based on

the dolphin's ability to form a concept of presence or absence, to

understand symbolic references to absent objects, and to communicate

its knowledge about the status of named objects.

The mixing of imperative and interrogative sentences while objects

may be present or absent seems an important part of demonstrating

referential understanding of object labels by allowing the dolphin

freedom from task and context specificity, the opportunity to

communicate about events displaced in space and time, and to respond

about objects, rather than to objects. An unpublished report by Grimm,
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Schusterman, and Gisiner (1987) of a sea lion trained on a reporting

procedure similar to that developed with Akeakamai, indicates that they

did not present the full range of possible conditions to their sea

lion. Interrogatives were presented at the rate of approximately 7 for

every 60 standard imperative trials. Imperatives were never given with

both paddles present unless the named objects were also present; the

sea lion only used the No paddle in response to interrogatives. A

further contrast between the sea lion study and the work with Akeakamai

is that the sea lion continued to search the tank for objects on every

trial. Data from Herman and Foreste11 (1985a) suggested that

Akeakamai developed a more efficient strategy of remembering the

objects in the tank.

A number of questions remained following the initial study of the

reporting procedure. While Herman and Foreste11 (1985a) ~onc1uded that

Ake was using the paddles to report presence or absence, rather than

defaulting to the paddles when named objects could not be found, Ake's

"definitionn " of presence and absence remained unclear. In addition,

the role of memory in guiding responses was also untested.

Goals of the Current Studies

The new reporting studies were undertaken to investigate

additions1 characteristics of the reporting ability described by Herman

and Foresee11 (1985a). Three general goals prompted the work. The

first was to determine the nature of the criteria Ake was using to
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assess whether a named object was considered present or absent. The

second, was to assess the extent to which Ake made her judgements on

the basis of a mental inventory of the objects present in the tank,

rather than on the basis of an actual· search of the tank following each

query. To the degree that Ake was relying on a mental inventory, it

would be important to clarify some of the limits on that memory.

The third goal was to expand the reporting procedure to include

responses to relational sentences. Relational sentences instruct the

dolphin to construct a relationship between two objects, taking one

object to another or putting one object inside of or on top of another

(Herman et al., 1984). To execute a relational sentence correctly, the

dolphin must operate on the objects in the proper order, and according

to the signed action. The sentences HOOP BASKET IN, BASKET HOOP IN,

PIPE BASKET FETCH, BASKET PIPE FETCH all require different responses.

Respectively, the sentences are glossed as "Put the basket on the hoop;

put the hoop inside the basket; take the basket to the pipe; take the

pipe to the baSket." The general rule for relational sentences is to

carry out the named action ("fetch to" or "put on or in") to the first

object signed, using the second object signed. The second object

signed is considered the moveable object. Grammatically its name

functions in the sentence as the direct object (DO). The first-named

object functions as the indirect object (10) in the sentence. Thus the

formal sequence of the relational sentence is 10 + DO + Relational

VERB. In contrast, ncn~relationa! sentences are instructions to the

dolphin to carry out an action to a specified object, e.g., HOOP TAIL-
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TOUCH ("Touch the hoop with your tail"). The formal sequence for non

relational sentences is DO + VERB. (For further details about the

types of sentences, the formal structure of the languages, and

differences between the languages taught the two dolphins, refer to

Herman et al., 1984).

The first experiment to be reported investigated the variables

necessary for Ake to consider a named object as present by introducing

objects into the tank in a variety of formats which either emphasized

or obscured their presence. This procedure also permitted the

determination of whether Ake could carry out the task without the

objects being visually accessible, and established her ability to

create a mental "inventory" of the tank contents.

A second experiment investigated the degree to which memory load

(the number of items to remember) and memory duration (the delay

interval between introduction of objects into the tank and presentation

of a sentence) might affect repurts of presence and absence.

Experiments 1 and 2 both dealt with non-relational sentences

only: sentences referring only to a single object, and therefore not

requiring knowledge of the relationship between two objects. The third

experiment extended the reporting procedure to include relational

sentences. The dolphin was asked to carry out relational sentences,

but the presence of either the Direct Object, the Indirect Object, or

both was varied. The question of interest was whether the dolphin

could construct a response that accurately represented the degree of

correspondence between its representation of the status of objects in
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the tank, and the action required by the relational sentence. In order

to respond correctly, Ake was required to remember specifically what

objects were referred to as DO and 10 while 'carrying out the sentence,

as well as recalling whether or not the referenced objects were present

in the tank.

In summary, the described experiments investigated the dolphin's

"definition" of object-presence and object-absence, measured the

relative effects of delay and number of objects on accuracy of

reporting, and tested whether the dolphin can report on its ability to

construct a relationship between two objects.
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CHAPTER 3

Experiment 1: The Dolphin's Concept of Simple Presence or Absence

The first experiment investigated the dolphin's operational

definition of "present" in three parts. It was not clear from Herman

and Foreste11's (1985a) results what criteria guided Ake's reports of

object-presence or absences. Was Ake responding on the basis of having

been shown the objects at the beginning of each trial, regardless of

whether the objects were present at the time of the sentence? Was the

sound of the objects hitting the water a necessary cue that a specific

object was present? Did she simply verify an object's status on each

trial by a quick visual search of the tank f.o11owing each sentence?

While Herman and Foreste1l (1985a) concluded that at least on some

trials the response was based on memory for objects, it remained

unclear whether that was the case under all conditions.

By varying the fate of the object after it was shown to Ake at the

beginning of a trial, it was possible to explore the basis for her

reports of presence and absence. Objects could be shown and kept out

of the tank. They could be shown and then either a) thrown into the

tank so they could be heard hitting the water, and remain visible at

the time a sentence was given; b) put in the tank so they could be

heard entering but not be seen; or c) apparently put in the tank so

neither acoustic cues would be given, nor could the objects be seen.

In addition, by placing the objects where they could not be seen,. it
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was possible to carry out an explicit test of whether the task could be

solved on the basis of memory for the objects shown.

General Method

Experiment 1 was run in three parts. During the first part,

objects were shown to the dolphin, but were sometimes returned to an

assistant outside the tank, rather than being thrown in the tF.nk, to

see whether Ake would judge any object she was shown as present. In

the second part, objects were hidden from sight once they were thrown

in the tank, to determine whether Ake had to visually search for the

objects before reporting whether a named object was present or absent.

In the third and final part, objects were shown to the dolphin and

thrown over her head, completely out of the tank on the opposite side,

in order to determine whether Ake's reports depended upon acoustic

cues.

Subject

A bott1enosed dolphin named Akeakamai (Ake) served as subject

throughout the studies reported here. Ake was previously trained in

the comprehension of gestural sentences (Herman, 1980; 1986; 1987;

Herman et al., 1984) as well as in vocal mimicry of computer-generated

sounds and vocal labelling of visually-presented objects (Richards,

Wolz & Herman, 1984). Ake was housed together with Phoenix, who was



trained in the comprehension of an acoustically-based language (Herman

et al., 1984). Ake was an adolescent female, approximately ten years

of age at the time the present work was conducted. Each dolphin

received its full daily ration of 8.5 kg. of silver smelt (Osmerus §R.)

during their daily training, testing and recreational sessions.

Apparatus and Materials

Training ang Testing~. Ake and Phoenix lived and were tested

in two interconnected circular sea-water outdoor tanks, each of 15.2-m

diameter and 1.5-m depth (Figure 1). The walls of the tanks rose .9 m

(3 ft) above the surrounding deck, allowing trainers and dolphins to

interact easily and conveniently at any location around the tank

perimeter. A tower was located adjacent to each tank. The towers

permitted continuous, unobtrusive visual observation of the dolphins.

A public address (P-A) system allowed the session supervisor in

the tower to direct the tankside trainers and the assisting personnel.

The supervisor also controllea an ASCII keyboard connected to a

computer system located in a building separated from the tanks by about

5 m. The computer system consisted of an Automated Data Systems 1800E

process-control computer interfaced with two Yavetek Model 154

programmable waveform generatcrs. The whistle-like sounds produced by

this system were broadcast into either of the tanks through a Type J9

underwater sound projector obtained from the Naval Sound Reference

Laboratory in Orlando, Florida. A sub-set of these sounds constituted

._---_.. - .. _._--- _..
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Figure 1: Tank schematic, showing Observation

Towers and Channels.
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a series of "control" sounds which signalled the dolphin when a trial

was about to begin, when a response was correct, and when it was

incorrect.

Lan~age Objects. The objects used throughout Experiments 1, 2,

and 3 were drawn from those used in Ake's general language studies.

These included a white and black, l8-cm diameter regulation soccer

BALL; a plastic 26-cm diameter FRISBEE, either all-white or all-black;

a white plastic HOOP, .75-m sq, made of l.5-cm PVC; a NET constructed

of a light cotton crab net attached to a thin (25 mm) wire hoop with

four lO-cm long floats added; a chocolate-brown, 45-cm sq, 3S-cm deep

plastic laundry BASKET; a gO-cm long white plastic PIPE constructed of

1.S-cm PVC, with a cap over each end. A photograph of the objects is

presented in Figure 2.

Response Paddles. Two paddles were constructed so that both their

physical appearance and their functional response requirements were

discriminably different. The Object Present or Yes Paddle was composed

of a silicone-covered piece of plywood, attached to a PVC arm and

mounted in a PVC bracket such that an upward and forward push with the

rostrum was required to register a response. The Object Absent or No

Paddle was const~cted of a black plastic toilet tank float attached to

a PVC arm and mounted in a PVC bracket such that a straight downward

press with the rostrum was required to register a response (Figure 3).
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Figure 2: Objects named by Gestural Sign in

Ake's language

-----~-- ._-_.



r ,

.,...,; ...~:.

28



29

Figure 3: Ake's No Paddle (on the left) and

Yes Paddle (on the right)
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By convention, the Yes Paddle was always placed approximately 1.23 m to

Ake's right, while the No Paddle was situated 1.23 m to Ake's left.

Both paddles were suspended from the tank wall so that they were just

above the water's surface.

Procedure

At the beginning of each trial, the session supervisor vocally

cued the trainer to station ~he dolphin, and then called out the

object(s) to be placed in the tank on that trial, and the order in

which they were to be introduced. A trainer's assistant, hidden from

the dolphin's view below the outside of the tank wall, handed the

objects one at a time to the trainer in the specified order. The

trainer displayed each object briefly in air (ca. 2 s~c) ~oving it

through the dolphin's field of view, and then threw the object into the

tank to a specified location. For multiple objects, the ordering of

locations was counterbalanced against the ordering of the introduction

of the objects; e.g., for two objects, the first object was placed left

and right equally often.

Once the objects were placed in the tank, the trainer lowered a

pair of opaque goggles over her eyes to prevent inadvertent cueing

(Herman et al., 1984). The supervisor called out the next sentence

according to a predetermined schedule, then played Ake's acoustic name

through the underwater speaker as a signal for her to station. The

trainer then gave the gestural signs of the sentence in rapid sequence.
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When new objects were to be introduced, the dolphin retrieved the

objects already in the tank after being given the FETCH sign by the

trainer. The intertrial interval depended upon the time it took for

the dolphin to retrieve the objects, but was generally more than 60 sec

but less than 180 sec.

Both Ake and Phoenix were tested in formal training situations in

the same tank, in alternation, during a session of approximately two

hours in duration. Formal procedures were usually different for each

dolphin. Normally, sessions occurred twice a day, five days a week.

Each dolphin was assigned a trainer and a training station, both of

which varied across sessions, depending on availability of trained

personnel, the particular training task assigned, the angle of the sun,

or the effects of wind in the open air tanks. During the present

studies, Ake's training during sessions varied between tests of her

reporting abilities and ongoing tests of her gestural sentence

comprehension.

Part A

Method

During the first phase of Experiment 1 a series of test trials

were run in which two objects were shown to the dolphin, but only one

of them was actually thrown into the tank. A question was then

presented which queried either the object shown and thrown into the

tank, the object shown and kept out of the tank, or an object not shown
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at all. Six sessions were run, with Ake stationed at the perimeter of

the main tank. Rather than presenting each sentence as a discrete

trial, a block of three sentences was presented each time a set of two

objects was shown. This was done in order to minimize the number of

times the dolphin was required to bring the objects back to the

trainer, and to provide increased temporal separation between the

presentation of the objects and the presentation of the sentence.

A pool of six objects (HOOP, BASKET, BALL, NET, FRISBEE, and PIPE)

was used. The probe sentences were balanced so that each object in the

pool was shown first and second, and each object in the pool was

queried on both the first and second trials of the block. The test

blocks were pseudo-randomly interspersed with the normal blocks during

each session. The test object was never present or queried in the

block before the block in which it was probed. Ake was g~ven a fish

following every test trial, regardless of her response. However,

unlike normal reinforcement procedures following a correct response,

the keyboarder did not play "yes, Aka, fish", and the trainer withheld

the usual social praise. This was done in order to ensure continued

responding, without training Ake to make a particular response, or

extinguishing any response that she might choose to make.

Each session consisted of six blocks of three trials each, for a

total of 18 sentence presentations. Four of the blocks within a

session were normal and the remaining two were test blocks. Normal

blocks consisted of two objects being shown and thrown into the tank,

followed by three sentences. Each sentence was one of three types.
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Type A+ referred to an Action sentence with the named object present;

Type A- referred to an Action sentence with the named object absent;

Type Q+ referred to a Question given with the named object present, and

Type Q- referred to a Question given with the named object absent.

On test blocks two objects were shown, with one of the objects

being thrown into the tank as usual. The other object was shown to Ake

by the trainer, who then immediately put it behind her back where the

dolphin could not see it. The Trainer's Assistant, hidden below the

tank wall,' took the object from the trainer, and kept it out of sight.

The object that was shown but not put in the tank was the first object

on half the trials, and the second object on half the trials. One of

the three sentences (either the first or second) in a test block

referred to the object shown, but not thrown into the tank. The

remaining two sentences in the test block were normal sentence types.

Trial schedules for the six sessions were constructed so as to

ensure that each of the 15 possible 2-object combinations of the six

objects occurred at least once. Within each session, A+ and Q+

sentences referred equally often to the first and second objects shown.

Each l8-trial session consisted of six Q+, four A+, three Q-, three A

and two test sentences. This was similar to the distribution used by

Herman and Forestell (1985a), except that two of the A+ sentences

became test sentences in the present study. A primary intent of the

schedules was to ensure equal use of the yP and the NP, so that

responses on test trials would not be inherently biased to either

paddle. All probe sentences were presented as Questions. A+ sentences
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were never given before probe sentences within a test block, so that

interacting with the object in the tank just prior to a probe sentence

would not influence the response on the probe question. The probes

always occurred on either the first or second sentence of a block, in

order to prevent an over-long delay between showing the objects and

presenting the sentence.

Results

Ake responded to all of the missing object probes with a response

on the NP, as shown in Table 1. Five errors occurred during the 96

normal sentences (95% correct). Four of the five errors occurred

during blocks without probes, and one occurred on the trial immediately

following a probe. On two A- trials Ake incorrect acted on one of the

objects present; on 2 Q- trials she incorrectly pressed the Yes

paddle; and on 1 A+ trial, she ~~correctly pressed the No paddle.

Three of Ake's errors occurred on the third sentence of the block, and

one occurred on each of the first and second sentences.

Objects shown to Ake and not thrown in the tank were reported as

absent when queried by the trainer. Ake's use of the Yes Paddle was

consistent with the actual presence of the object in the tank at the

time of the sentence. Of course, the same results would obtain if the

dolphin was ignoring the objects until the sentence was given, then

looking at what was behind her in the tank, before making a response.

Herman and Forestell (1985a) provided circumstantial evidence that Ake
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TABLE 1

Experiment 1: Results of Probes of Responses
to Queries About Objects Shown, but Not

Placed in the Tank.

SESS/BLOCK/TRL OBJ 1 POS OBJ 2 POS SENTENCE RESPONSE

1 / 2 / 1 PIPE OUT NET LEFT PIPE QN NP PRESS

1/6 / 2 BALL RIGHT FRISBEE OUT FRISBEE QN NP PRESS

2 / 2 / 2 HOOP OUT FRISBEE RIGHT HOOP QN NP PRESS

2 / 5 / 1 BASKET LEFT NET OUT NET QN NP PRESS

3 / 3 / 1 NET RIGHT HOOP OUT HOOP QN NP PRESS

3 / 6 / 2 BALL OUT PIPE RIGHT BALL QN NP PRESS

4 / 3 / 2 FRISBEE OUT BASKET RIGHT FRISBEE QN NP PRESS

4 / 5 / 1 HOOP RIGHT BALL OUT BALL QN NP PRESS

5 /2/ 2 PIPE LEFT BASKET OUT BASKET.QN. NP PRESS

5 /4/ 1 NET OUT BALL LEFT NET QN NP PRESS

6 /4/ 1 BASKET OUT HOOP LEFT BASKET QN NP PRESS

6 /6/ 2. FRISBEE LEFT PIPE OUT PIPE QN NP PRESS

Note: SESS - Session; TRL - Trial; QN - Question; NP - No Paddle

------- ----
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was remembering what she saw at the beginning of each trial, but: never

actually tested her accuracy when the objects were hidden from view at

the time of the sentence.

Part B

The second part of Experiment 1 tested Ake's ability to accurately

report on the presence or absence of objects when they were thrown into

the tank but hidden from view. This allowed the determination of the

degree to which being able to see the objects at the time the sentence

was presented influenced the accuracy of responding, and further

identified Ake's definition of present/absent.

Method

Ake's station was moved to one of the channels interconnecting the

two main tanks (see Figure 1). Four sessions were run with Ake

stationed in one channel. Two l-object sessions were run first,

followed by two 2-object sessions. Each session was comprised of six

blocks of three sentences each. The objects were shown to Ake, and

thrown over the wall separating the two channels into the second

channel, where they could not be seen. As in Part A, each block

included three trials. The first and second sentences in a block were

either Q+, Q-, or A-, while the third sentence was always either A+ or

a non-language one-sign action command (e.g., jump, back-swim, present-

tail, etc.).
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The number of times yP and NP responses were required occurred

equally often on the first and second sentences. During 2-object

sessions, the first object shown and the second object shown were each

queried equally often. Over all sessions, frequency of showing the six

objects was balanced (as was use of all possible 2-object combinations

over all 2-object sessions). The number of times each object was

queried in each sentence type was also balanced.

Results

Ake was correct on 63 of 72 trials (2 < .0001). Her performance

was 83.3% correct on two I-object sessions and 91.7% correct on two 2

object sessions. These results are comparable to the I-object (90.7%)

and 2-object (82.4%) results repQrted by Herman and Fores~ell (1985a).

Four of Ake's nine errors occurred in each of the first and third

trial positions, and one error in the second position. On four Action

trials with the object present (A+) Ake incorrectly responded to the No

paddle. On one Action trial with the object absent (A-), she hit the

Yes paddle, ana on a second A- trial, she incorrectly responded to one

of the objects that were present. On three Question trials with the

object absent (Q-), Aka incorrectly pressed the Yes paddle. No errors

occurred on Question trials with the object absent (Q-).

These results indicate that Ake did not need to see the objects at

the time the sentence was given in order to respond accurately.
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Part C

Dolphins have been described as acoustic specialists (Herman &

Tavolga, 1980). Much of the information about their world comes to

them through both passive listening and active bio-sonar. The language

objects used with Ake and Phoenix differ along many dimensions - the

ball, the hollow PVC hoop and pipe, the nylon net, and the plastic

laundry basket all have different size, shape and displacement

characteristics that could provide a variety of acoustic cues as to

their location and identity at the time a sentence is given. In

addition, the apparently different sounds the objects make when hitting

the water both signal the dolphin that an object is truly in the tank,

possibly tell the dolphin which specific object it is, and may even

enhance memory for the object by providing additional. encoding

features.

Method

As a further test of Ake's definition of present/absent, one

session of 18 one-object trials was run in which the objects were shown

to Ake, and then thrown over her head and completely across the outside

wall of the second channel out of the tank. A large nylon net was

suspended on wooden support structures just outside the tank wall in

order to catch the objects and prevent them from making any sound by

falling on the concrete deck a~ound the tank perimeter. This removed
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any possibility of acoustic cueing of the objects that might occur as

they hit the water, or while they tloated in the channel after being

introduced.

All other aspects of the session were identical to Part a, except

that only Q+ and Q- sentences were given in each three-trial block. A

tankside assistant hid behind the tank wall, and immediately following

Ake's response on the last trial of each block, surreptitiously slipped

the object from that trial into the second channel. This permitted the

trainer to give Ake the FETCH sign, so that she would go and retrieve

the object at the end of each block. A total of nine Q+ and nine Q

trials were given in a quasi-random sequence across the six three-trial

blocks.

Results

Ake treated the objects as if they were present when they were

thrown across the two channels, and responded as though they were

absent otherwise on 16 of the 18 trials (p < .0006) during the session

in which the objects were thrown into the sling. On two trials Ake

treated a "present" object as absent when the object was queried on the

second trial of the block; once with BALL and once with NET. Ake's

first-trial performance in the session was 100%, compared with 90.7%

accuracy reported on l-object trials by Herman and Foreste11 (1985a).

Neither Ake's responses on the paddles or her affective reactions to

the procedures of the third experiment indicated any difficulty in

responding accurately to the novel procedures in place.
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General Discussion

The combined results of the three parts of Experiment 1 clarify

the nature of Ake's responses to the Yes and No paddles during the

reporting procedure. The most salient conclusion is that ~Jce responded

to the sentences presented to her on the basis of what she remembered

about the objects from the beginning of the trial, not on the basis of

whether or not she saw or heard the objects at the time the sentences

were given, or thereafter. An apparent mental inventory was

constructed at the beginning of each trial. By up-dating the mental

inventory on each successive trial or block of trials, Ake was able to

keep track of which objects she considergd. present.

It is significant that Ake did not report an object's presence

simply on the basis of whether it was shown to her at. the beginning of

a trial. Rather, her reports of the object's status were based on what

she had seen the trainer do with it. Her definition of present was .

based not on what became of the object in fact, but what appeared to

become of it as a result of the trainer's behavior. This implies that

Ake recognized a causal relationship between the actions of the trainer

and the disposition of objects in the tank,and based her decision on

whether or not a named object was in the tank on her perception of the

actions of the trainer. The results suggest what Premack terms "being

responsive to the stimulus conditions of causality (1986, p. 109)".

Such ability may indicate a level of abstract representation more

advanced than an image of the object itself. To the degree that the

---_._-----_.- _.- ... -------- ---------------------.
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use of the paddles depends on a representation.of the inferred fate of

the object, rather than on either the presence of the object or the

memory of the object itself, it becomes more evident that responses can

be viewed as descriptions, or reports of, the status of the objects,

rather than conditional responses to the objects themselves.
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CHAPTER 4

Experiment 2: Effects of Number of Objects and Delay

on Memory for Presence/Absence

Herman and Foreste11 (1985a) reported a pronounced decrease in

performance associated with increases in the number of objects shown

and placed in the tank. Accuracy dropped from 91% with one object per

trial, to 82% with two objects, and 71% with three objects per trial.

On 3-object trials, Ake's retention was best for the last object shown,

next best for the first object, and much less accurate for the second

object. These effects suggested that Ake was searching a mental

inventory of the objects shown, rather than making a visual search of

the objects when the sentence was given. This has now been verified in

Experiment 1 by visual and auditory blocking of the objects on each

trial.

Correct responding in the reporting procedure requires that Ake

remember the "list" of items shown to her at the beginning of each

trial. Many factors ultimately influence ability to retain multi-item

lists: the number of items to be remembered (Miller, 1956; Thompson &

Herman, 1977), whether the items are novel or familiar (Herman &

Gordon, 1974; Sands & Wright, 1980), whether the lists form unrelated

or coherent sequences (Roitblat, Po1oge, & Scopatz, 1983), the temporal

characteristics of item presentation (Thompson & Herman, 1981), the

type of response required (Herman & Thompson, 1982; Honig, 1984; Honig
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& Thompson, 1982), the sensory modality through which the items are

presented (D'Amato & Colombo, 1985; Foreste11 & Herman, 1988; Herman &

Foreste11 , 1985b), and the length and nature of activity during the

period the animal is expected to retain the information (Herman, 1975;

Maki & Leith, 1973; Worsham & D'Amato, 1973). These factors, however,

can only influence remembering if the subject has encoded the relevant

information. Failure to remember an item may occur because it was

never fully encoded in the first place (Roitblat, 1980; 1984).

Theories which attempt to explain the fate of forgotten

information include the principle of 4esource allocation at the time of

encoding, which may limit the amount of attention and effort devoted to

different items (Kahneman, 1973; Norman, 1976; Roitblat, 1987); a time

dependent fading of a stimulus trace during the delay interval (Roberts

& Grant, 1976); the operation of a variety of interference effects

during the retention interval (Herman, 1975; Roitblat, 1982; Sands,

Urcuioli, Wright, & Santiago, 1984); or the prevention of rehearsal

strategies during the retention interval (Thompson, Van Hemel, Winston,

& Pappas 1983).

Experiment 2 was carried out in order to determine whether, during

the reporting procedure, the locus of performance decrement with an

increased number of objects was at the time of encoding, or developed

during the retention interval. If Ake's ability to remember the

objects on a given trial is due to differential allocation of encoding

effort, then number of objects should have a relatively greater effect

on performance than length of delay (within limits). If memory
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decrement is due to processes operating during the delay interval, one

would expect to see differences in delay reflected in differences in

performance.

In order to test these alternatives, the reporting procedure was

run in a format that prevented Ake from seeing the objects once they

were placed in the tank. A delay was introduced on each trial between

the presentation of the last object and the presentation of the

sentence.

Method

Trial Scheduill

The independent variables studied were the number of objects shown

the dolphin (one, two or three), the length of the delay after the last

object was shown (5, 10, or 15 ~ec), the serial position of the queried

object in the sequence of objects shown (first, second, or last), and

the type of sentence given after the delay (imperative or

interrogative). Six objects (BALL, HOOP, FRISBEE, BASKET, NET, and

PIPE) were used throughout.

A complete schedule of sentences was constructed for 1- 2- and 3

object sessions, balancing the frequency of Yes paddle, No paddle, and

Action responses in blocks of six trials, one trial for each of the six

objects. The number of times each object was shown at each delay in



46

each of three serial order positions, and the number of times each

object was queried at each delay and in each position, was balanced

across replications.

Fifty-four sentences (three sessions) were required to generate a

balanced set of trials for the I-object condition, 108 sentences (six

sessions) for the 2-object condition, and 162 sentences (nine sessions)

for the 3-object condition. The different number of sentences required

for each condition was necessary since there is one serial position in

the l-object case, while there are two in the 2-object case and three

in the 3-object case.

Four replications of the complete set of schedules were run. The

set of l-object trials was run twice (six sessions, rather than only

three) during each replication, in order to reduce any possible

emotional responding attendant on high error rates associated with the

greater number of three-object sessions. Each replication, therefore,

consisted of six I-object sessions, six 2-object sessions, and nine 3

object sessions. Because of the need to balance the number of action

responses, Yes paddle responses and No paddle responses, and in light

of the additional trials required in the 2- and 3-object conditions to

balance serial position effects, the actual number of trials run in

each condition was not the same. Table 2 shows that the number of

trials on which the queried object was absent was equal to half the

number of trials on which the queried object was present over all

conditions. In addition, half the object-present trials were

imperatives, and half were interrogatives, thus ensuring that there
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TABLE 2

Experiment 2: Number of Trials Run as a Function of
Number of Objects Shown, Length of Delay Before Sentence
Was Given, and Serial Position of the Queried Object.

S+ SERIAL NUMBER OF OBJECTS SHOWN
DELAY POSITION lOBJ 2 OBJ 3 OBJ

5 Sec Absent 48 48 72
3rd Last 48
2nd Last 48 48
Last 96 48 48

10 Sec Absent 48 48 72
3rd Last 48
2nd Last 48 48
Last 96 48 48

15 Sec Absent 48 48 72
3rd Last 48
2nd Last 48 48
Last 96 48 48

Overall Absent 144 144 216
3rd Last 144
2nd Last 144 144
Last 288 144 144

TOTALS 432 432 648

NOTE: "Absent" means that the object named in the sentence was
not present in the tank; "Last" indicates the most recent
object (last object) shown. 2nd Last and 3rd Last occur only
in the 2-object or 3-object condition.
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were equal numbers of trials requiring action responses, Yes paddle

responses, and No paddle responses (504 in each case).

Sessions were run according to the following schedule (where the

numbers represent the number of objects run on that session): 1, 2, 3,

1, 2, 3, 3, 1, 3, 2, 3, 2, 3, 1, 3, 3, 2, 1, 3, 2, 1. The 21 schedules

of the first replication were run in reverse order during the second

replication. The third replication was identical to the first, and the

fourth replication was identical to the second. Each session consisted

of three blocks of six trials. Each block required two Action

responses, two Yes paddle presses, and two No paddle presses.

Procedure

Testing took place in either one of the two channels connecting

the laboratory's two circular tanks (Figure 1). Ake's station was set

up so that the sun was behind her when looking at the .trainer, in order

to permit optimal viewing of the trainer's gestures. No more than two

sessions were run per day. Generally, sessions occurred once in the

morning and once in the afternoon each weekday. Ake was stationed in

one channel, and the objects shown on each trial were thrown into the

other channel where they could not be seen by the dolphin. Procedures

were identical to those described in Experiment 1, with the following

changes.

A trial began with the keyboarder announcing to the trainer and

the trainer's assistant the identity and order of presentation of the

objects for that trial. Ake's call to station was then played through
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the underwater speaker. When the dolphin placed her rostrum in contact

with a stationing paddle, the session supervisor called out "Ready."

Three seconds later the trainer"was cued, by an Apple computer

controlled timing sequence of sound signals presented through an in

air, tank-side speaker, when to show the dolphin each object, and when

to present the sentence. The first tone signalled the trainer to show

the first object to Ake. After I sec, a second tone was a signal to

throw the object over Ake's head into the far channel where it could

not be seen. During 2-object and 3-object sessions, subsequent objects

were shown every 3 sec for 1 sec each, and then thrown into the far

channel. As soon as the last object was thrown into the tank, the

trainer immediately donned her goggles and stood at attention in front

of the dolphin. The session supervisor then announced the sentence for

that trial. Either 5, 10, or 15 sec after the signal to throw in the

last object, another tone instructed the trainer to present the

sentence that had been called out by the session supervisor.

To ensure that the objects did not float out of the channel into

view during the delay period, an object monitor held a long-handled

boat hook across one or the other end of the channel (depending on wind

conditions) during the delay, and removed it in an identical fashion on

each trial immediately upon completion of the trainer's gestures. This

enabled Ake to enter the cha~nel on imperative sentences (or in error

at other times, depending on her response decision) to carry out

actions to the objects, but did not cue the correct response.
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Results

A total of 1512 trials were run in 84 sessions during a two-month

period. Ake made 191 errors overall, responding correctly on 87.37% of

the trials. She made 8 errors in 432 one-object trials (98.15%

correct), 34 errors in 432 two-object trials (92.13% correct), and 149

errors_in 648 three-object trials (77.01% correct).

The data were arranged as presented in Table 3, to permit a three

way Analysis of Variance (ANOVA) (Keppel, 1982). Factor A in Table 3

represents the two types of sentences: imperatives and interrogatives.

Factor B includes the three delay intervals. Factor C represents the

nine different object-status conditions under which sentences were

presented: objects were queried when they were absent (Level Cl) or

present (C2) with only one object in the tank; either absent (C3) or

-present as the first object shown (C4) or second object shown (C5) when

two objects were in the tank; and either absent (C6) or present as the

first object (C7), second object (C8) or third object (C9) shown when

three objects were in the tank.

The data were blocked by replication, and the number of correct

responses within each replication calculated to generate individual

"subject" scores. As shown in Table 2 (and discussed in Methods,

above) extra trials were run at two levels of Factor C to

counterbalance each object and its serial position with delay interval

and number of objects. The two conditions were: C2 (Object Present in

the one-object condition) and C6 (Object Absent in the three-object

condition). Six scores in each cell of level C2 (144 total) and three
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TABLE 3:

Experiment 2: Number of Correct Responses in Each Replication.

A1 A2
IMPERATIVES INTERROGATIVES

Bl B2 B3 Bl B2 B3
Ssec lOsec 15sec 5sec lOsec 15sec

Cl 6 6 6 6 5 5
1 Object 6 6 5 6 6 4
(Queried Object 6 6 6 6 6 6
Absent) 6 6 6 6 6 6

C2
1 Object
(Queried Object
Shown Last)

C3
2 Objects
(Queried Object
Absent)

C4
2 Objects'
(Queried Object
Shown First)

C5
2 Objects
(Queried Object
Shown Last)

6
6
6
6

6
4
5
5

6
6
6
6

6
6
5
6

6
6
6
6

5
6
5
5

5
6
6
6

6
6
6
6

6
6
6
6

5
6
5
6

6
6
6
6

3
6
6
6

6
6
6
6

5
5
6
6

6
6
6
6

5
6
6
4

5
6
6
6

4
5
5 .

6

6
6
6
6

5
3
6
6

5
6
6
6

6
6
5
6

6
5
6
6

4
4
6
6
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Al A2
IMPERATIVES INTERROGATIVES

Bl B2 B3 Bl B2 B3
5sec lOsec lSsec Ssec lOsec lSsec

C6 5 6 6 5 6 4
3 Objects 3 4 4 4 3 3
(Queried Object 5 5 4 3 4 5
Absent) 4 5 5 3 3 6

C7
3 Objects
(Queried Object
Shown First)

C8
3 Objects
(Queried Object
Shown Second)

C9 .
3 Objects
(Queried Object
Shown Last)

------_.- .---- . __ ..

6
6
6
6

4
5
6
4

5
4
5
5

6
6
6
6

6
5
5
4

3
5
5
5

5
6
6
6

4
4
6
5

4
2
5
6

5
4
6
6

4
5
6
5

6
4
6
5

5
5
6
6

4
4-
6
6

3
3
4
4

5
3
6
5

3
4
5
6

4
3
6
4
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scores in each cell of level C6 (72 total) of the affected conditions

were random~y discarded in order to balance the number of values in the

computation of each cell. Table 4 shows the percentage of correct

responses under each condition of the experiment using the adjusted

data. It should be noted that the discarded data had little importance

to the overall analyses. First, there were only 3 errors made at Level

C2 (One-object, present condition), so discarded data were neutralized

by the strong ceiling effect. Second, Level C6 (Three-objects, Absent)

did not enter into any of the critical comparisons in a way that would

suffer from the loss of data. Given that analyses on balanced designs

are almost always to be preferred to unbalanced designs (Keppel, 1982)

the decision to discard the.data seemed appropriate.

The ANOVA summary table is presented in Table 5. Significant

differences were found for sentence type,E (1, 162) - 5.36; R < .05;

and object status E (8, 162) - 13.5; R < .001; but not for delay

interval or any of the interactions.
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TABLE 4

Experiment 2: Percentage of Correct Responses
As a Function of Number of Objects Shown, Length
of Delay Before Sentence Was Given, and Serial

Position of the Queried Object.

S+ SERIAL NUMBER OF OBJECTS SHOWN
DELAY POSITION 1 OBJ 2 OBJ 3 OBJ

5 Sec Absent 100.0 87.5 66.7
3rd Last 83.3
2nd Last 91. 7 81.3
Last 100.0 100.0 93.8

10 Sec Absent 97.9 85.4 75.0
3rd Last 66.7
2nd Last 91. 7 81.3
Last 97.9 97.9 95.8

15 Sec Absent 91. 7 93.8 75.0
3rd Last 70.8
2nd Last 85.4 - 77 .1
Last 97.9 97.9 87.5

Combined Absent 96.5 88.9 72.9
3rd Last 73.6
2nd Last 89.6 80.6
Last 98.6 98.6 92.4

TOTAL 97.6 92.4 79.9

NOTE: The numbers of trials included in the calculation
of the percentage of correct responses of each cell
are not equivalent. Refer to Table 2 for actual
distribution of numbers of trials.



TABLE 5

Experiment 2: Summary Table for
Three-Way Analysis of Variance.
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SOURCE 55 df MS F P

A. Sentence Type 3.630 1 3.630 5.60 < .01

B. Length of Delay 1.000 2 .500 .77 < .05

C. Object Status 70.000 8 8.750 13.50 < .001

Ax B 1.370 2 .685 1.06 > .05

Ax C 4.704 8 .588 .91 > .05

B x C 9.833 16 .615 .95 > .05

A x B x C 3.796 16 .237 .37 > .05

Error Term 105.000 162 .648

TOTAL 199.333 215
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Effects of Delay vs Number of Objects

The relative effect of delay and number of objects on Ake's

performance is shown in Figure 4. The data represent all sentence

types, combined. Delay had little effect on performance, but there was

a pronounced decrement associated with an increase in the number of

objects shown on each trial. Bonferroni ~-Tests (Hays, 1988) were

conducted on the main effects for each Number of Objects condition, and

the differences between all two-way combinations of the three means

were found to be significantly greater than the Critical Value of tB

3.64; df- 8; n < .05.

The overall results compare very favorably with those reported by

Herman and Forestell (1985a). In that study, Ake's responses were

90.7% accurate on one-object trials (vs. 98.2% in the present

experiment), 82.4% accurate on two-object trials (vs. 92.1), and 71.3%

accurate on three-object trials (vs. 77.0%). Clearly, continued

exposure to the reporting procedure maintained high levels of accuracy,

although the general pattern of effect due to number of objects

remained the same.
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Figure 4: Experiment 2: Response accuracy as a function

of number of objects and length of delay
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Serial Order Effects

Figure 5 illustrates the percentage of correct responses as a

function of how many objects were shown, and the serial order in which

the object queried on each trial was shown. The data show a pronounced

recency effect in both the two-object and three-object conditions.

The decrement in performance associated with increasing the number of

objects shown is found on object-absent trials as well as on trials

when the queried object was present.

Analyses of the effect of serial order under each number-of

objects condition was carried out on the data in Figure 4 using

Bonferroni's~. Comparisons between the last item shown in each of the

number-of-object cond~tions found no significant differences. Per

formance on the most recently seen item was equivalent in all three

conditions.

On 2-object trials, performance to the first object shown was

significantly better than performance to the second (and last) object

(tB - 4.66; ~ - 8; 2 < .05). On 3-object trials, performance to the

last item was significantly different from performance to the second

item (~- 3.94; Qf - 8; 2 < .05), as well as the first item shown in

the three- object condition (tB - 10.04; Qf - 8; 2 < .05).

Performance on object-absent trials reflected the same pattern as

object-present trials: response accuracy decreased with increasing

number of objects. Performance differences on object absent-trials

reached significance in comparisons between the 1- and 2-object

_ ..... -----_._-----------
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Figure 5: Experiment 2: Response accuracy as a function of

number of objects shown, and serial position of queried object.

-----~- ._-- - -.---------
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conditions (~ - 3.94; df - 8; 2 < .05), 1- and 3-object conditions (~

- 11.83; Qf - 8; R < .05), and the 2- and 3- object conditions (~ 

7.89; df - 8 ; R < .05).

Figure 6 shows that the overall recency effect so obvious in

Figure 5 was apparent at all delays in the three-object condition.

Although there is slight evidence of a primacy effect in the shortest

delay (5 sec), the overall ANOVA found that the B x C interaction

(delay length and trial condition) was not significant: I (16, 162)

.95; P > .05). It should also be noted that when primacy effects have

been reported in monkeys and humans, they appear with increased delays,

not at shorter delays (Wright et al., 1984).

Imperatives vs I~terrogatives

Response accuracy on imperative sentences was si~if~cantly higher

than accuracy on interrogative sentences, E (1, 162) - 5.60; 2 < .05),

as was found previously by Herman and Forestell (1985a). The

difference - 89% on imperatives and 85% on interrogatives - was small,

but consistent. Greater experience with imperative sentences, and a

greater chance of confusing the two response paddles than making errors

on actions were most likely responsible for the difference, which is

not regarded as of primary interest in the current work.
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Figure 6: Experiment 2: Response accuracy as a function

of serial position of queried object on three-object trials.

~-------
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Response Cate&ories and Error Patterns

Table 6 shows Ake's distribution of responses in each of four

categories: carrying out actions, pressing the Yes paddle, pressing the

No paddle, and balking (not responding). The results demonstrate the

categorical nature of Ake's errors. Ake never once went directly to an

object when given an interrogative sentence, and responded to the Yes

paddle only 6 times out of 1008 trials when given an imperative

sentence. Her normal error pattern was to either carry out an action

on an incorrect object when giuen an imperative, or press the No paddle

incorrectly when given a sentence in which the named object was

actually present. There can be little doubt that Ake has a clear

understanding of the different response requirements associated with

imperative snd interrogative sentences, and that further, she

comprehended the appropriate use of the Yes and No paddles to indicate

an object was present in response to an interrogative, and that it was

absent either in response to an interrogative or to an imperative that

referred to an absent object.

General Discussion

The results of Experiment 2 indicate that Ake's pattern of

responding was influenced more by the number of items that were shown,

than by the length of time over which the items were to be remembered,

within the delays tested. The pronounced recency effects of the 2-



TABLE 6

Experiment 2: Percentage of Total Responses Falling Yithin
Each Response Category, as a Function of Sentence Type.

Sentence Type

66

Response
Category

Take Action

Press Yes Pd1

Press No Pd1

Balk

TOTAL

A+

*91.7

.4

7.9

o

100.0

0+

o

*86.7

13.3

o

100.0

0-

o

18.6

*81.4

o

100.0

A-

10.3

.8

*87.3

1.6

100.0

Number of
Responses

(488)

(488)

(532)

(1512)

Note: Correct response for each sentence type
is designated by an asterisk.
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object and 3-object conditions are similar to those reported by Thomp

son and Herman (1977) and Herman (1980) in tests of serial probe recog

nition for lists of up to eight· computer-generated sounds. In those

studies, the results indicated that it did not matter how many items

preceded the item queried, but how many followed (Herman, 1980). This

suggested a memory model based on a serial buffer mechanism of limited

capacity, in which new items displaced or degraded the quality of older

items, similar to the model proposed by Atkinson and Shiffrin (1968).

The absence of a delay effect and the equivalence of memory for

the final item regardless of the number of previous items, also

suggests that once an item was represented in active memory, the

strength of its representation remained unchanged (for up to 15

seconds) unless another item was shown. That is, encoded items were

not subject to trace decay or ongoing interference during the delay

intervals tested. Instead, new items displaced older' items, and each

time an older item was displaced, its representation in memory appeared

to weaken as a due processes operating at the time of displacement.

The results of Experiment 2 do not provide a test of the various

theoretical conceptions of short-term memory (see Cowan, 1988 for a

recent review). However, the results do indicate that limitations on

Ake's ability to remember three items over brief delays is largely due

to differences in the strength of representation in a limited capacity

active memory store. Nonetheless, tha dolphin is capable of

maintaining a sufficiently organized mental inventory of the items

thrown in her tank to allow a highly accurate capability to report on
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the status of symbolically-named objects. Recently encoded material

might be susceptible to time-dependent effects at longer delays, but

there was no evidence of reduced accuracy as a function of increased

delay periods in the present experiment.

------------ -- ._--------------------_.
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CHAPTER 5

Reporting on Relat!~nships Between Objects

During Experiment 2 of Herman and Foreste11 (1985a), Ake was given

691 sentences during 45 sessions with the No Paddle present (she had

not been trained to use the Yes Paddle at that time). A total of 239

relational sentences were given during those sessions, of the type

Indirect Object (IO) + Direct Object (DO) + Relational Term (FETCH or

IN). The relational sentences only referred to objects that were

present at the time the sentence was given. On 33 relational

sentences, Ake either went d~rectly to the No Paddle (five times), or

brought the correct DO to the No Paddle (28 times). Ake's use of the

No Paddle was viewed as a default response resulting from a failure to

remember the identity of the named IO: "The defaults to the No paddle

for relational sentences thus seem an extension of her defaults to

alternative indirect objects in the normal language-comprehension

context, when the No paddle is not available" (Herman and Forestell,

1985a, p. 672). Ake was never given any reinforcement for the No

paddle responses. Since both the named objects were present, the

response was considered incorrect.

Approximately one year after the Herman and Forestell (1985a)

study, we ran an informal test of Ake's response to relational

sentences when both the Yes and No paddles were present in the tank.

Three sessions were run, with two objects present in the tank at a
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time. Sixty sentences were given in total, including 12 relational

sentences. The 10 and the DO were present for all relational sentences

except for 3 trials on which the 10 was absent. On all three

sentences, Ake took the DO to the No paddle. Ake carried out 5 of the

12 relational sentences correctly and 2 incorrectly. On the remaining

2 trials, ~ith both the 10 and the DO present, she took the correct DO

to the Yes paddle. On both of these occasions, Ake was called back to

her station, an indication to her that her response was incorrect.

When the 10 was absent and Ake took the DO to the No paddle, she was

given a fish, but the "YES AKE FISH" control sounds were not played,

nor was social approval given.

Ake's spontaneous, unrewarded use of the Yes· and No paddles to

complete the relational sentences can be viewed as an innovative and

informative attempt to carry out anomalous sentences (Herman et al.,

1984). If paddle presses were restricted to the No paddle, one could

argue that the paddle served only as a "displacement" object, to be

used when an object named in a sentence was absent. However, taking

the DO to the Yes paddle when the 10 was present ca.~ot readily be

explained in the same way, since the object is actually present at the

time the assumed displacement object is used. It was of interest to

determine whether Ake's use of the Yes or No paddle would remain

consistent with the status of the 10 under systematic investigation.

Further, it was important to determine what advantages might be

conferred by such a response strategy.
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During normal sentence comprehension tasks, Ake's performance on 3

word relational sentences is about 70% correct, with the majority of

errors resulting from the choice of an incorrect 10 (Herman, 1987;

Herman et a1., 1984). In Ake's gestural language, the Indirect Object

is signed first, then the Direct Object, although during the actual

response, the dolphin must first go to the Direct Object, and then to

the Indirect Object. As described by Herman (1986), "The problem faced

by the dolphin in carrying out the instructions specified in the

relational sentences is to remember the named indirect object while

identifying and searching for the named direct object" (p. 240).

Performance is substantially better when the 10 is a non-transportable

object, such as an underwater speaker or the other dolphin, than when

it is a potentially transportable object such as a hoop or frisbee

(Bradshaw, Forestell, Gory &: Herman, unpubl. data; reported in Herman,

1986).

One possible explanation for the difference in performance is that

objects are represented in memory not just in terms of their physical

features, but also according to abstract features such as functional

characteristics. Consequently, errors are greater when both the 10 and

the DO are transportable than when the 10 is non-transportable. In the

former case, an increase in interference in memory might be expected

since the 10 and the DO are represented by similar functional codes.

Taking the DO to the 10 on some occasions, and to the Yes paddle

on others, might be an indication that certain features of the 10 have

been forgotten while others are remembered. For example, Ake might
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forget the identity of the named 10, but remember that it was one of

the objects present. Fetching the DO to the Yes paddle would then be a

way of correctly reporting on the status of the object, without having

to commit to one of the objects present in the tank. If using the

paddles in place of the 10 results in better performance than when an

actual object is selected as the 10, one could argue that a

dissociation exists in the subject's memory between the physical

identity of an object, and its status. Such a dissociation would

suggest that an object is represented in memory not only as a

combination of physical features, but also as having abstract

properties, such as its functional characteristics, or whether it is

present in or absent from the tank at a given time.

The possibility that abstract features of objects can be encoded

by the dolphin and in some cases result in enhanced memory for the

object,. is consistent with recent views on the elaborative nature of

representation (Cowan, 1988) and rehearsal (Greene, 1987) in humans.

To test Ake's ability to report on relational sentences, an

experiment was designed in which both non-relational and relational

sentences appeared. For relational sentences, the status of the DO and

the 10 could be manipulated independently, as shown in Table 7. For

PUrpOSEiS of illustration, assume that Ake has been shown three objects:

BALL (BL) , FRISBEE (FZ) , and BASKET (BK) , after which one of the

indicated sentences has been given.
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TABLE 7

Possible Manipulations of the DO and 10 During Experiment 3.

OBJECTS SENTENCE 10 STATUS DO STATUS CONDITION

BL FZ BK FZ BL FT present (+) present (+) PP
PP BL IN absent (-) present (+) AP
BL HP FT present (+) absent (-) PA
PP HP IN absent (-) absent (-) AA

NOTE: P - Present; A - Absent
BL - Ball; FZ - Frisbee; BK - Basket
FT - Fetch; IN - Put In or On

The possible responses that Ake could make when given relational

sentences with the Yes and No Paddles present, and the rationale for

considering some of these responses as correct, and others as

incorrect, are as follows:

1. Both the 10 and the DO are present (PP CONDITION).

Fetch the DO to the 10 - a CORRECT construction of the
imperative relational sentence.

Fetch the DO to the yp - a CORRECT report that both
objects are present.

YP.Press - INCORRECT, since this shows a failure to
discriminate between interrogative and imperative
sentences.

NP Press, Reversal of 10 and DO, Taking the DO to an
Incorrect 10 • Taking the DO to the NP. and Balking are
INCORRECT.

2. Neither the 10 nor the DO are present (AA CONDITION).

Pressing the NP is the only CORRECT response.

3. 10 absent. DO present (AP CONDITION).

Fetch the DO to the NP - a CORRECT report that the 10 is
absent.

NP Press - a CORRECT report that the sentence cannot be
carried out.
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Pressing the yp, Taking the DO to an incorrect 10, Taking
the DO to the yp, or Balking are INCORRECT.

4. 10 present, DO absent CPA CONDITION).

Pressing the NP is the only CORRECT response.

In general, correct responses are those that, wholly or in part:

a) differentiate between imperative and interrogative

sentences (relational sentences are imperatives);

b) demonstrate the ability to correctly execute the

relational when both the 10 and DO are present;

c) show a correct assessment of the status of the 10, even

when the identity of the 10 is not reported (shown by taking the DO to

the yP if the 10 is present, and to the NP if the 10 is absent);

d) show an awareness of being unable to carry out the

imperative relational if the 10, DO, or both are absent.

Experiment 3 was carried out in three parts, each differing only

in the number of objects shown Ake on each trial. During Part A, only

two objects were shown. In Part B either two or three objects were

shown. In Part C only three were shown.
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Part A

Soon after the 'completion of Experiment 2, Ake and Phoenix were

moved to a temporary facility (the University of Hawaii's Waikiki

Aquarium) while their home tanks at Kewalo Basin underwent extensive

renovations. The open-air tank at the Waikiki Aquarium is an oval-

shaped 60,000 gallon pool approximately 20-m long by 6.5-m wide, with 3-

m depth. In the center of the pool is a concrete island 3-m long and

l.5-m wide that rises in the center approximately .5 m above the

water's surface when the tank is filled. Water comes from a saltwater

well sunk 22"m deep into the coral substrate in the ocean just outside

the Aquarium facility. Water is pumped direc.tly into the pool, and

overflow is discharged directly back into the ocean.

The arrangement of the tank permits the daily sessions to be

carried out essentially unchanged from the routines established at the

Kewalo Basin Marine Mammal Laboratory Facility. Prior to conducting

the current experiments, acclimation sessions were run to ensure that

Ake's performance was at the same baseline levels as had been

previously established.

Method

The first part of Experiment 3 was conducted with two objects on

each trial. During seven sessions, five objects (HOOP, FRISBEE, PIPE,

BALL, BASKET) were presented two at a time and placed in the tank.

Either a two-word (simple imperative or interrogative) or a three-word

(relational) sentence was then given. Each of the possible 20
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combinations of Indirect Object and Direct Object (10 possible

combinations, with each object on the left once and on the right once)

was queried in each of the'IO/DO conditions (PP, AP, PA, and AA), for a

total of 80 relational sentences.

Table 8 summarizes the frequency of each sentence type and trial

condition presented. Of the 80 relational sentences, 60 occurred with

either the IO or the DO missing. Twenty sentences were given with both

the IO and DO present. In order to compensate for the imbalance in

object-present and object-absent conditions, the two word sentences

were biased in favor of object- present sentences: of the 80 two-word

sentences, 40 were Q+, 20 were A+, 16 were A-, and 4 were Q-. This

resulted in 80 object-absent and 80 object-present trials overall, and

guarded against a biased expectation of either condition. Each of

seven sessions consisted of an equal number of two-word and three-word

sentences.

The sequence of events on each trial was essentially unchanged

from Experiment 2. However, due to the absence of computer-controlled

sound-generating equipment at the Aquarium facility, the trainer was

verbally instructed, by a session supervisor, when to present each

object, and when to give the sentence. When Ake responded correctly,

the trainer immediately blew a whistle, and then gave a fish and social

reinforcement.

-------- -----_. --_._-----
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TABLE 8
Experiment 3, Part A: Number of Sentences of

Each Type and Trial Condition

40

Two-word (Non-relational); 0+

Sentence Type

Three-word (Relational); PP

20

Trial Condi tion

AP PA AA

20 20 20

0- A+ A-

4 20 16

80

80

NOTE; PP, AP, PA and AA refer to the status of the 10 (fresent
or Absent) and DO (fresent or Absent), respectively.

Q+ and A+ refer to Questions or Actions given while the
queried object was present, while Q- and A- indicate the
queried object was absent. See text for further detail.

Re!]ults

Only 3 errors (96.3 % correct responses) were made on the 80 two-

word sentences. The errors included two incorrect No paddle responses

in 40 Q+ trials, and one incorrect Yes paddle response in 16 A-

trials. Responses to the 80 relational sentences are outlined in Table

9. Ake responded correctly to 63 of the relational sentences given

(78.8%). She readily and appropriately used the Yes paddle and the No

paddle in place of the 10 on relational trials with the 10 and DO

present, and went directly to the No paddle on trials with the DO

absent.
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TABlE 9

EKperiment 3, Part A: Distribution and Atx:uracy of Response Types
on 'l'wo-Cbject Trials.

Trial Corrlition

pp AP PA M
(lOt- 00+-) (10- 00+-) (lOt- 00-) (10- 00-)

Take 00 ~ 11/12 4 3 0 n/is
to 10 (91.7%) (57.9%)

Take 00 ~ 6 0 1 0 6/7
to'YP (85.7%)

Take 00 2 g 16 0 5 16;23
toNP (69.6%)

'YP Press 0 0 1 0 0/1
( 0%)

NP Press 0 g 0 g 15 g 15 30/30
(100%)

12-

17/20
(85.0%)
.OOl

16/20
(80.0%)
.005

15/20
(75.0%)
.015

15/20
(75.0%)

.015

63/80
(78.8%)

NJl'E: ~ - Category of correct response ch:lice for each Trial Corxliti.on.
12 - Probability of observed correct responses, SI.IJIDE!d b:fn:.mial. test.
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On PP trials, Ake constructed the relationship specified by the

trainer's signs correctly on 17 of 20 trials (R < .0001). On 11 of 12

attempts she took the correct DO to the correct 10, and on six of 8

attempts, she took the correct DO to the correct paddle.

On AP trials Ake constructed the relationship specified by the

trainer's signs correctly on 16 of 20 trials (R < .005), by taking the

correct DO to the No paddle. On four occasions, Ake took the named DO

to an incorrect 10. Note, however, that on all 20 AP trials, Ake

transported the named DO to either an object or a paddle.

On the 40 PA and AA trials, with the DO absent, Ake correctly

pressed the No paddle 30 times (R < .001). While it is difficult to

interpret an immediate press of the No paddle as a correct construction

of a relationship, Ake's errors with the DO absent did contain

information about the status of the 10, and suggest that her responses

in general were based on the relationship between the· objects, and not

simply the status of the individual objects. In the PA condition, Ake

took an incorrect DO to the correct 10 three times, took the incorrect

DO to the Yes paddle (indicating the 10 was present) once, and pressed

the Yes paddle once. In the AA condition, Ake's five errors were to

take an incorrect DO to the No paddle. Overall, her errors in the two

conditions were appropriate relative to the status of the 10, her

er~ors to the DO notwithstanding.

It can also be seen from Table 9 that by allowing Ake to use the

Yes and No paddles during relational sentences, the number of correct

responses in relational sentences increased. While Ake was correct on
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only 11 of 19 attempts to carry out a relational sentence (p - .32),

she was correct on 22 of 30 occasions on which she took the DO to a

paddle (p - .008). Ake's correct responses and her errors demonstrated

her ability to use the paddles in place of the named 10, and to

differentiate between the Yes paddle and the No paddle appropriately

both when the named 10 was present and when it was absent. On only one

occasion did Ake take an object to the Yes paddle incorrectly. She

never pressed the No paddle incorrectly, and only hit the Yes paddle

once in 80 sentences.

Given Ake's performance in the 2-object condition, performance

with three objects was tested in the second part of Experiment 3.
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Part B

Method

During the second part of Experiment 3, 2-object and 3-object

trials were given in separate sessions. The 2-obJect sessions were

constructed as in Part A. For the 3-object sessions, a table was

constructed representing the ten possible combinations of three objects

from a five-object pool. The combinations are shown in Table 10. Note

that the combinations are arranged so that each object appears twice in

each of the first, second and third positions in which the objects are

presented by the trainer, in order to equate for serial position

effects. Each of the ten combinations was used three times under each

of the four 10 - DO conditions (i.e., PP, PA, AP and AA). Each object

also was represent four times in the absent condition.

TABLE 10

Experiment 3, Part B: Table of 10 Combinations of
Three Objects from a Five-Object Pool

First Object Second Object Third Object
Shown Shown Shown Absent Objects

1. BALL HOOP PIPE FRISBEE, BASKET
2. FRISBEE BALL HOOP BASKET, PIPE
3. HOOP BASKET BALL PIPE, FRISBEE
4. PIPE FRISBEE BASKET HOOP, BALL
5. BALL PIPE FRISBEE BASKET, HOOP
6. BASKET HOOP FRISBEE BALL, PIPE
7. FRISBEE BALL BASKET PIPE, HOOP
8. BASKET PIPE BAl...!. HOOP, FRISBEE
9. HOOP FRISBEE PIPE BALL, BASKET

10. PIPE BASKET HOOP FRISBEE. BALL
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Sixteen sessions (six 2-object and ten 3-object) were run, each

consisting of 24 trials. Generally, two sessions were run each day.

Across days, sessions were run ·in the order of one 2-object session

followed by two 3-object sessions. Twelve trials of each session were

relational sentences, and twelve were two-word, non-relational

sentences. The twelve relational sentences included three of each

00/10 tj"Pa Inn
\~,I; , AP, PA and AA) pseudo-randomly ordered throughout the

session. No more than two relational sentences occurred in a row. The

12 two-word sentences consisted of six interrogatives (3 Q+ and 3 Q-)

and six two-word imperatives (A+). In each session, the serial order,

position, and number of times each of the five objects was queried was

counterbalanced.

The procedures for each session were unchanged from Part A.

Results

Ake was correct on 67 of 72 two-word sentences during 2-object

trials (2 < .0001) and she was correct on 108 of 120 two-word sentences

during 3-object trials (R < .0001). Her errors included two incorrect

No paddle responses to 18 Q+ sentences and three incorrect No paddle

responses to 36 A+ sentences in the 2-object condition. During 3-

object sessions Ake made two incorrect Yes paddle responses to 30 Q-

sentences, four incorrect No paddle responses to 39 Q+ sentences, and

six incorrect No paddle responses to 60 A+ sentences.
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The results on relational sentences during Part B are presented in

Table 11 (2-object trials) and Table 12 (3-object trials). Performance

on relational sentences was significantly better in the 2-object case

(92.5%) than in the three-object case (76.7%; ChiSguare - 8.52; df - 1;

2 < .005).

Performance on 2-object re1ationa1s was similar to that obtained

in Part A, with 100 % accuracy on trials during which either the 10,

the DO, or both were absent. On 2-object trials with both the DO and

the 10 present, Ake's performance was 70% correct (14 trials of 20;

2> .05). Ake correctly took the DO to the 10 on each of four

attempts, and to the correct paddle on 10 of 12 attempts. Ake made

three more errors in the PP condition of Part B than she did in Part C,

including one Yes paddle· press and two No paddle presses. In Part A,

Ake carried the DO to the 10 12 times during PP trials, and took the DO

to a paddle 8 times (Table 9). In Part B, she took the DO to the 10

only four times, while she took the DO.to a paddle 12 times. This

relative increase in the use of the paddles from Part A to Part B was

significant (ChiSquare 4.41; Qf - 1, 2 < .05).

On AP trials, Ake used the No paddle significantly more often in

Part B than she did in Part A (ChiSguare - 6.67; Qf - 1; 2 < .05). On

all three conditions with one or both objects missing, Ake maintained

100% correct responding.

Ake's took the Correct DO to the correct paddle on 18 ~f 20

attempts (2 < .02). She was correct on all four attempts to take a DO

to an 10.
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Experiment 3, Part B: Dlst:ribut:ion ard AcJ::uracy of Response 1YPes
on Two-<bject Trials

Trial Cprdition

pp AP PA M.
(10+- 00+-) (10- 1Dr) (10+- 00-) (10- 00-)

Take So 4/4 0 0 0 4/4
OOtoIO (100%) (100%)

Take 00 So 10 0 0 0 10/10
to'YP (100%)

Take 00 2 So 8 0 0 8/10
toNP (80.0%)

'YP Press 1 0 0 0 0/1
( 0%)

NP Press 3 So 12 So 20 So 20 52/55
(94.5%)

84

n -

14/20
(70.0%)

.06

20/20
(100%)

.0001

20/20
(100%)

.OC01

20/20
(100%)

.0001

74/80
(92.5%)

NJl'E: So - Category of correct response choice for each Trial Comition.
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Experiment: 3, Part B: Dist:rihltion and~acy of Response 'lYPes
on 'D1ree-ll:lject Trials

Trial 9nlition

pp KP PA M
(IOf- IX>+-) (10- 00f-) (IOf- 00-) (10- 00-)

Take 00 So 2(3 1 0 1 2/5
to 10 (75.0%) (40.0%)

Take 00 So 3 0 1 0 3/4
toYP (75.0%)

Take 00 5 So 8 0 0 8113
toNP (61.5%)

yP Press 1 0 0 0 0/1
( 0%)

NP Press 18 So 21 S. 29 So 29 79/97
(81.4%)

85

1? <

5(30
. (16.7%)

.0001

29/30
(90.7%)

.0001

29/30
(90.7%)

.0001

29(30
(90.7%)

.0001

92/120
(76.7%)

IDl'E: S. - Catego~ of con:ect response croke for each Trial Co!:rlition.

H, . · ... ·re '7"'-'-'
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On 3-object relational sentence trials, Ake's performance appeared

to reflect a bias to press the No paddle. Although she was 97.8%

correct (two errors in 90 trials) when either the 10, the DO, or both

were absent, her performance dropped to 16.7% correct, with only five

of 30 trials correct (2 < .0001) when both the 10 and the DO were

present.

The design used in Parts A and B presented three times as many

trials with an object missing, as there were trials with both objects

present. Ake selected a strategy of responding to the No paddle on

every trial, and given an overall accuracy of 76.7%, the strategy was

rather successful. The No-paddle bias apparently resulted from too

high an incidence of trials on which one of the objects was missing.

Consequently, use of the Yes paddle was extremely infrequent. In Part

C, a third attempt was made at presenting relational sentences in the

reporting procedure context, but with a proportionately equivalent

exposure to conditions favoring the Yes paddle and the No paddle.
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Part C

Method

During this final phase of Experiment 3, only 3-object trials were

used. The number of each type of relational sentence condition (AA,

AP, PA, and AA) was now balanced to ensure that the combination of

-
trials with one or both objects missing would be equal to the number of

trials with both objects present. Relational sentences were selected

from the combinations shown above, in Table 10. A total of 90

sentences with both the 10 and DO present, 30 sentences with the DO

missing, 30 sentences with the 10 missing and 30 sentences with both

the 10 ~nd the DO missing were selected. Ninety additional two-word

sentences, comprised of 30 interrogatives with the queried object

present (Q+), 30 interrogatives with the object absent (Q:), 15

imperatives with the named object present (A+) , and 15 imperatives with

the named object absent (A-) were also constructed. Schedules were

composed of random series of two and three word sentences. In each

session of 18 trials, there were six PP, two PA, two AP, and two AA

relational sentences, intermixed with two A+, two Q+ and two Q- two-

word non-relational sentences.

One daily session was run in the outdoor tank at the ~aikiki

Aquarium during the early morning, prior to the opening of the Aquarium

to the public at 0900 hrs. Fifteen sessions were run in all, over an

approximate one-month period. The general procedures were as in Part A

and Part B. It was noticed during Part B that movement of objects
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thrown to the dolphin's left were disproportionately affected by the

tank current because of a drain scupper in the wall on that side of the

tank. Consequently, in Part C, the objects were all thrown directly

behind Ake, in a straight line. As the session supervisor called out

each object to be thrown in by the trainer, the instruction was also

given to place the object directly behind Ake either near

(approximately 3 m out from the tank wall), medium (approximately 4 m

out) or far (near the far wall, approximately 5 m away).

Results

Distribution and accuracy of response on three-object relational

sentences during Part C are shown in Table 13. The No-paddle bias

apparent in Part B (23 of 30 responses during PP trials were to the No

paddle; Table 12) was much reduced during Part C (35 of 90 responses

during PP trials were to the No paddle). The decrease in the relative

frequency of No-paddle responses from Part B to Part C was significant

(ChiSguare - 12.86; 4f - 1, 2 < .01).

Overall, Ake responded correctly on 114 of 180 relational sentence

trials (2 < .001). Performance was less accurate on PP trials (40%)

then on AP (90%), PA (90%) or AA (75%) trials. Ake's accuracy in

taking the DO to the correct 10 (22 correct trials in 39 attempts) was

not significantly better than chance (2 - .26), although her accuracy

in taking the DO to the correct paddle (33 trials in 50 attempts) was

(2 - .016)



TABlE 13
Experiment: 3, Part C: Distribution am !'I::o.Jracy of Response

on Three-Cbject Trials.

Trial Corrlition

pp AP PA M.
(lOt 00+-) (10- 00+-) (lOt 00-) (10- 00-)

Take 00 g 22(37 1 0 1 22(39
to 10 (59.5%) (56.4%)

Take 00 g 14 0 0 0 14/14
to'YP (100%)

Take 00 13 g 19 2 2 19(36
toNP (52.8%)

yp Press 4 1 0 3 0/8
( 0%)

NP Press 22 g 8 g 27 g 24 .59/81
(72.8%)

89

36/90 2 27(30 2 27(30
. (40.0%) (90.0%) (90.0%)

24(30
(75.0%)

2 114/180
(78.8%)

.612 .CXX>1 .CXX>1 .CXX>1

NJI'E: g - Category of correct response choice for each Trial Coalition.
2 - One balk occurred in each of the AP and PA Con:litions.



90

There were at least three differences between Part C, and the

earlier parts of Experiment 3. Ake had more practice, the overall

proportion of missing-object trials decreased, and the objects were

placed in the tank differently on each trial (near, medium and far,

rather than left, right, or center). It is not possible to

differentiate the relative contribution any of these three made to the

reduction in No Paddle bias. It seems reasonable to assume that more

balanced schedule of trials would have a positive effect.

Ake's performance on relational sentences continued to demonstrate

a higher probability of making errors in selecting or reporting on the

10 than in selecting the DO. During 120 trials on which the DO was

present (90 PP trials and 30 AP trials), Ake chose an object as DO 84

times. She chose incorrectly on only five occasions. There were also

120 trials on which the 10 was present (90 PP trials and 30 PA

trials). On 66 of these trials Ake took a correct DO to an 10 or

paddle, and selected the wrong 10 or paddle 25 times. The number of

proportion of correct DO selections was significantly higher than the

proportion of correct 10 selections (ChiSquare - 23.55; £f - 1; R <

.001).

Ake made only seven errors on 90 two-word imperative and

interrogative sentences during Part C (R < .0001). On two A+ trials,

Ake responded to an incorrect object. On one A+ trial and on two Q+

trials, she pressed the No paddle incorrectly. On two Q- trials, she

pressed the Yes paddle in error.



91

General Discussion

Three major findings can be noted from Experiment 3. First, Ake

was able to use the Yes and No paddles appropriately and immediately in

a new context. This included taking the DO to the Yes paddle if the 10

was present, and taking the DO to the No paddle if the 10 was absent.

Although Ake developed a No-paddle bias during the 3-object condition

of Part B, her performance on 2-object trials, and her responses during

Parts A and C made it clear that in those cases her use of the paddles

reliably and significantly indicated whether the 10 was present or

absent.

A second point is that Ake's use of the paddles in the context of

relational sentences was not trained, but emerge~ spontaneously. There

was no precedent for predicting that, given a relational sentence, Ake

would take the DO to the Yes paddle when the 10 was present, and to the

No paddle when the 10 was absent. The fact that her response was

neither trained nor of a biologically predisposed nature suggests that

she had developed a representation of the paddles as referents for

presence or absence, rather than as default objects in the face of a

blocked response.

A third point is that Ake's use of the paddles on relational

sentences not only reflected an accurate representation of the objects

referred to in the trainer's signed instruction, but also maintained

the integrity of the relationship between the objects that the

instruction described. The responses in relational sentences were not
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simply serial reports about the separate status of each of the named

objects, but were reports about Ake's ability to construct the

relationship called for by the. ~rainer's signs.

Experiment 3, in part, tested Ake's ability to report whether a

symbolically-named object was present or absent even when she could not

remember which particular object had been referenced. The results of

Experiment 3 indicate a dissociation between Ake's memory for objects

and her memory for object status. Over all three parts of the

experiment, Ake's accuracy in taking the DO to the Yes paddle or to the

No paddle was significantly higher than her accuracy in taking the DO

to the 10 (ChiSguare - 5.15; Qf - 1; n < .025). That is, she was

significantly more accurate in reporting whether a named object was or

was not present, than she was in reporting the identity of the named

object.

A second demonstration of dissociation is seen in the effect of

the location of the objects in the tank when responding to relational

sentences in Part C. Figure 7 contrasts Ake's accuracy in carrying out

relational sentences during PP trials, as a function of the location of

the 10 and the DO. Ake's performance on each possible combination of

10 and DO loc~tion is summarized in Table 14. Values above the

diagonal represent performance during the three conditions in which the

DO was moved out towards the 10 (10 medium, DO near; 10 far, DO near or

medium). Values below the diagonal represent performance during the

three conditions in which the DO was moved in towards the 10 (10 near,
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Figure 7: Experiment 3: Response accuracy as a function

of the location of the DO and 10
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TABLE 14
Experiment 3, Part C: Percent Correct Responses

as a Function of IO/DO Location

LOCATION OF 10

Location
of DO

Near

Medium

Far

Near

x

27.30

21.40

Medium

46.15

x

30.00

Far

60.00

52.91

x

DO medium or far; 10 medium, DO far). When the DO was nearer to her

than the 10, performance was significantly better than when it was

further away (ChiSguare - 6.67; Qf - 1; R < .001).

Since taking the DO to either the Yes paddle or the No paddle

involved locating the DO. away from the station and then moving back in,

one might expect performance on relational sentences in which Ake took

the DO to one of the paddles to be similar to performance on which she

went out for the DO and brought it closer to station to locate the 10.

However, the relative frequency of correct responses when bringing a DO

back to either the Yes or No paddle was significantly higher than

bringing a DO back to a closer 10 (ChiSguare - 14.70; Qf - 1; R < .01),

but not significantly different from taking a DO in the opposite

direction, out to a further 10 (ChiSguare - 1.58; gf - 1; R > .10).

That is, the effect of direction of executing the sentence was

significantly different for the two types of conditions.
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In sum, the data from the third experiment provide additional

evidence that Ake was' using the Yes and No paddles to report on her

ability to carry out the sentence as instructed, rather than to simply

report on the individual status of the objects named in the sentence.

Her responses showed a consistent and highly accurate use of the

paddles in reporting her ability to carry out the sentence, even though

her ability to remember which objects were present and which were not

continued to show a high degree of lability in memory.
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CHAPTER 6

Summary Discussion and Conclusions

Three experiments were conducted with a language-trained

bottlenosed dolphin named Akeakamai. The first experiment investigated

the dolphin's concept of "present", and her ability to report whether

objects referred to in her gestural language were present or absent,

even when she could not see or hear those objects at the time of the

sentence. The second experiment investigated her ability to report

presence or absence as a function of the number of objects shown her,

and of the delay interval between the time the objects-were placed in

the tank, and the presentation of a sentence. In the final experiment,

Ake reported on her ability to construct a relationship between the two

objects named by the trainer in relational, imperative sentences.

The results of the three studies led to the following general

conclusions :-

First, Akeakamai was able to comprehend references to absent

objects, as well as to ones that were present, in a variety of

contexts. Her definition of present was based on her memory of what

she saw the trainer do with the objects at the beginning of the trial,

and not on the actual status of the named object at the time the

sentence was given.
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Second, Ake was able to create a mental inventory of her

environment, up-date that inventory as the state of the environment

changes, and report to others on her memory for the objects she has

been shown.

Third, Ake's memory for the identity and the status of named

objects was limited more by the number of objects to remember than by

the length of the delays over which she was tested.

Fourth, Ake was also able to construct a relationship between two

objects referred to by the trainer's signs, and through her use of the

Yes and No paddle, create a response that preserved the described

relationship between the objects, even though she did not respond

directly to them.

Recent theoretical reviews of language ability in non-human

animals (Herman, 1987; Premack, 1986; Ristau &Robbin~, 1~82; Roitb1at,

1987; Savage-Rumbaugh, 1986; Terrace, 1984b) have identified a variety

of "design characteristics" of a 1anguage-ccmpetent species. There are

at least three general abilities commonly held to be necessary

(although not necessarily sufficient) pre-cursors to language use that

the reporting procedure results addressed:

1. the ability to represent and maintain abstract concepts and

features in memory;

2. the ability to perceive and form complex relationships;

3. the ability to use arbitrary symbols of no biological

relevance for informative communicative acts.
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Herman (1980) has focused his studies of the cognitive abilities of

dolphins on clarifying their representational, conceptual, and

communicative skills. The reporting procedure serves as a useful

paradigm for examining the nature and extent of each of these abilities

in the dolphin, and lends general support for the kind of comparative

approaches to studying cognitive processes in non-human animals

suggested by Bullock (1986), Griffin (1976), Herman (1980, 1986),

Premack (1986), Roitblat (1982), and others.

Ake's task in the reporting procedure can be viewed as a three

stage process. First, she must attend to and remember which objects

have been placed in the tank (i.e., represent and maintain an abstract

concept in memory - the presence or absence of a specific object).

Second, she must assess whether the object(s) named in the sentence

match the objects that went into the tank (i.e., form-a relationship

between the trainer's instruction and her representation of the real

tank world). Third, she must construct an appropriate response to

report the status of the named objects to the trainer while maintaining

the integrity of the relationship established by the trainer's signed

instruction (i.e., communicate information).

Herman and Forestell (1985a) provided evidence of abstract

representation and ability to communicate information. The results of

the present study further establish and clarify those abilities, and

strengthen the conclusion that Ake represents relationships between

objects, and can communicate information about those relationships to

human trainers.
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Ability to Represent and Maintain Abstract Concepts in Memory

While Experiment 1 verified Herman and Forestell's (1985a)

tentative conclusion that Ake was able to maintain a mental inventory

of the objects shown on each trial during the reporting procedure,

Experiment 2 provided further insight into the process of maintaining

such representations, once encoded. A strong recency effect was found

that was not related to length of delay. Overall, the data suggest

that representations of items did not simply decay over time.

Instead, it appeared that the representation of one item :n a list

could be altered by the subsequent appearance of the next item. The

change resulting from the appearance of the next item remained constant

throughout the duration of the short delays tested (up to 15 seconds).

In Experiment 2, the effect of one object on another appeared to be

retroactive only. Earlier items did not interfere wiuh later-occurring

items. However, proactive changes have been observed in other contexts

(e.g., the finding of both primacy and recency effects by Forestell and

Herman, 1985a).

Experiment 3 demonstrated that Ake's memory for the names of

objects signed by the trainer, or for the referent signalled by the

name, operated somewhat independently of her memory for whether or not

the indicated objects were present. In the 3-object condition, Ake was

consistently more accurate in taking the DO to one or the other paddle

then she was in taki~ig the DO to one or the other remaining object.

This suggests that her memory for whether or not the 10 was present was

more robust than her memory for the identity of the 10. This
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difference is taken as evidence that Ake was able to represent both the

symbols for the objects, and the abstract feature of the object's

presence or absence in memory.

Premack (1975, 1976, 1983a, 1983b, 1986) differentiated between

imaginal codes of concrete items like objects, and abstract codes of

conceptual features like number, shape, sameness, etc. Premack

reserves the capability for abstract representation to primates alone

among non-humans. Not everyone agrees with his dichotomization of the

two forms of representation (Block, 1983; Danto, 1983; Freyd,' 1983;

Roitb1at, 1982, 1983, 1987), although it does appear reasonable to

anticipate different levels of complexity in representational systems

across species (D'Amato & Salmon 1984; D'Amato, Salmon, L4U~s & Tomie:

1986; Shimp, 1984; Roitb1at, 1982, 1987; Wright, Santiago, Sands, &

Urcuioli, 1984).

Where one draws the lines, however, is no more obvious today than

it was two decades ago when the issue of qualitative differences in

learning across species generated heated debate (e.g., Bitterman &

Mackintosh, 1969). Certainly the ability of an animal to expand its

behavioral repertoire to include untrained responses of little

biological relevance argues for a degree of representational complexity

and behavioral flexibility not often demonstrated in non-human species.

Undeniably, the notion of representation plays a key role in the

current view of animals as active information processors (Herman, 1980;

1987; Herman & Foreste1l, 1985b; Premack, 1976; Rescorla, 1976;

Roitblat, 1984; 1987; Roitb1at & Weisman, 1986; Savage-Rumbaugh, 1984;

-_ .._---_.. - ..__ .._-_._---------
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Terrace, 1982). It therefore seems instructive to examine the levels

of representational complexity at which a given species may operate in

order to understand the dimensions of cognition in general, and the way

in which the characteristics for a given species relate to the

ecological pressures of that species' natural world (Herman, 1980;

1986; Roitblat & Weisman, 1986).

Premack's (1975; 1976; 1986) description of tasks for

differentiating imaginal and abstract representational capacity may be

useful for investigating species differences in representational

complexity. However, it must be recognized that the differences may

fall more along a continuum than into separate domains (Roitblat, 1982;

1987). Whether or not the dichotomy between imaginal and abstract

representations is tenable, it is reasonable to suppose that the

ability to report on the presence or absence of a symbolically-named

object gives evidence of a level of representation of·a higher order

than, for example, simple discrimination learning.

Premack (1983a) suggests that abstract representation is

demonstrated'when, after being shown a simple condition, an animal is

able to respond to interrogations with appropriate "yes" or "no"

answers. While lauding the ape's skill in answering such questions,

Premack emphasizes the "lack of such evidence in non-primates, along

with the improbability of obtaining it" (1983a, p. 361). Elsewhere

(Premack, 1986), in a strongly-worded dismissal of the dolphin language

comprehension work carried out by Herman and his colleagues, Premack

delivers what he obviously considers the "coup de grace" to claims of
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sentence comprehension in the bott1enosed dolphin, dismissing "the

comprehension of motor commands" as a limited procedure that does

little justice to the ability to use language to access knowledge of

the world. He then pin-points a particular demonstration that would

establish language-like behavior:

"A language-competent individual who knows about tigers, for

instance, can answer questions about them even though no t~gers

are in view. Similarly, a language-competent dolphin who knows

about the usual disposition of objects in the tank . . . should be

able to answer questions about these matters although they are not

in view" (pp. 25 - 26).

Herman and Forestell (1985a), in establishing the dolphin's ability to

report on the simple presence or absence of symbolically-referenced

objects, have shown that the dolphin does, in fact, meet Premack's

criteria of language-competence.

The reporting of simple conditions has also been described by

Savage-Rumbaugh (1984) as a test of complex symbol usage. She

describes a test of representational capacity in which chimpanzees were

asked "questions about objects when the questions were presented

symbolically and the object of question was not present for sensory

reference . . . these questions are not about the symbol per ~, but

about the object for which the symbol stands" (Savage-Rumbaugh, 1984,

p. 302). Clearly, Ake's reporting procedure is of an analogous sort.
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Ability to Communicate Information

Savage-Rumbaugh and Hopkins (1986) wondered whether dolphins are

capable of informative commUnicative acts. The question is not easy to

answer, for there is no clear agreement on what constitutes a

"communicative act". Savage-Rwnbaugh and Hopkins differentiate between

what they describe as expressions of internal emotional states (e.g.,

the cries of vervet monkeys, or the dance-language of bees) and

communicative acts that are "behaviors about behaviors" (Crook, 1983,

cited in Savage-Rumbaugh &Hopkins, 1986, p. 309). Roitblat (1987)

finds such a dichotomy somewhat simplistic. He suggests "there may be

nothing gained by attempting to divide behaviors into those that are

communicative and those that are not. It may be more appropriate to

consider a continuum in which noncommunicative behaviors . . . grade

imperceptibly into communicative behaviors" (1987, p .. 26~).

The point may be illustrated by comparing the results of Herman

and Forestell (1985a) with Experiment 3 in the current study. Herman

and Foreste11, by establishing Ake's ability to report on the presence

or absence of objects, have shown rule-governed, symbolic reference to

objects displaced in time and space. This behavior represents a point

on the continuum further along than the dance of a bee, since the

dolphin's responses demonstrate comprehension of reference to arbitrary

objects through arbitrarj symbols and arbitrary responses, none of

which are part of the natural experience or natural repertoire of

dolphins. The responses to relational sentences, insofar as the use of

the Yes and No paddle was essentially untrained in that context, was
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consistent with the communication of information about the relationship

between the named objects, and thus can be viewed as one more step

along the continuum.

In order to clarify the degree to which responses to relational 

sentences within the reporting paradigm can be described as more

complex cognitive behaviors than the simple reporting of presence and

absence, consider the following hypothetical enquiry suggested by

Premack (1975):

"Suppose a forager bee were allowed to gather information about

the direction and distance of a food source from its hive. The

bee can encode this information in its dance (and a second bee

decode the dance), but if it were shown a dance could it judge

whether or not the dance accurately represented the direction and

distance of the food source? That is, could the bee recognize the

dance as a representation of its own knowledge? -It ~s precisely

this kind of judgement that the chimpanzee can make and it is the

capacity for this judgement, more than any other perhaps, that

qualifies the chimpanzee for language."

In responding appropriately (e.g., by transporting the DO to the NO

paddle when given a relational sen~ence with the 10 missing) the

dolphin must judge the correspondence between its own knowledge about

the status of the objects in its tank world, and the symbolically

represented condition implicit in the relational sentence provided by

the trainer. The responses to the relational sentences describe the

dolphin's knowledge about the symbolica.lly-referenced conditions
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(behaviors) inherent in the sentence. As Premack (1986) points out,

describing a condition invclves the arrangement of a correspondence

between that condition and a discursive representation of the

condition; the description of the degree of correspondence becomes,

therefore, a type of truth claim. Note that Ake's ability to respond

differentially depending upon which object is missing takes Premack's

challenge one step further. Not only can the dolphin report whether

the trainer's signs are an accurate representation of its own

knowledge, it can report in which way the signs are an inaccurate

representation.

It might be argued that the reporting of simple presence or

absence may be insufficient evidence of the dolphin's ability to

symbolically represent its knowledge, to make truth claims, to carry

out informative communicative acts. However, correct responses to

relational sentences in the reporting procedure require ~

representation of the relationships between objects, and an assessment

of the degree of correspondence between the relationships possible,

given the objects present in the tank, and the relationship described

in the sentence. This can be viewed as corresponding to the

representation of relations between relations, one of the most

fundamental pre-requisites for language capability according to Premack

(1976; 1982; 1983; 1986). Not all would agr6~ with the emphasis that

Premack places on the representation of relations between relations.

An alternative view might be to suggest that correct responses to

relational sentences in the reporting context provides evidence of the
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ability to "perform an act of judgement and to express that judgement

by means of a proposition" (Roitblat, 1987, p. 277), evidence for

symbolic use of language-like expressions (Marshall, 1971).

An important characteristic associated with language is the

ability to arrive at new insights by synthesizing elements of previous

learning. This has been referred to in terms of "ability to form novel

expressions according to the rules of a language's grammar (Roitblat,

1987, p. 290)"; "making interpretations (and) being conscious of them

(Premack, 1986, p. 103)"; interpreting "the relationship among objects,

properties, and actions on the basis of symbolic references and

combinatorial rules (Herman, 1987, p. 44)"; "the use of rules in

constructing an utterance (Ristau & Robbins, 1982, p. 149)"; "ability

to use words spontaneously and efficiently, and ... referentially for

things not present (Savage-Rumbaugh, 1986, p. 379)"; and "ability to

create new meanings, each appropriate to a particular ~ontext, through

the application of grammatical rules (Terrace, 1984a, p. 179)".

Ake's ability to use arbitrary, symbolic responses of little

biological importance (i.e., the Yes and No paddles) to report an

object's presence or absence; and the use of the paddles in novel ways

which maintain the sense of a gestural sequence rather than its

explicit instruction, strengthen the evidence for the capacity for

interpreting complex relationships. Her ability to respond to a

variety of meaningful gestural sequences (two-word imperatives, three-

word relationals, interrogatives) with both trained and spontaneous

responses, demonstrate the capacity for symbolic representation, the
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more abstract of the two principal meanings of representation offered

by Mandler '100':1'
\~;lUJJ and, in Piaget's view, a pre-re~uisit~ fOL language

(Dores and Dumas, 1987).

The "Meaning" of YES and NO

Within the context of the studies reported here, Ake's use of the

Yes and No paddles suggests that they were not simply arbitrary objects

used as defaults when named objects were not present. The two paddles

were clearly differentiated through their association with the states

of presence and absence. Whether the use of the paddle could be

extended to still other contexts remains to be seen, but it is

recognized that in order to establish the level of comprehension of

negation and affirmation, such genera1izeabi1ity would have to be

shown.

The marked effect on performance of having to remem~er three items

is interesting. One might have expected better retention of such a

small number of objects than was shown. Undoubtedly, the repeated use

of items from the small object pool had some impact on performance

(Sands et a1., 1984). The "retrospective" nature of the task could

also have made it more difficult (Honig and Thompson, 1982). When the

items to be remembered comprise meaningful sign sequences from Ake's

artificial language (i.e. three word simple imperative sentences) she

appears to have little difficulty remembering what to do at durations

equivalent to those reported above. Clearly, meaningfulness is a

powerful mechanism for enhancing list retention (Miller, 1956). From
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an evolutionary perspective, one might even argue that a memory system

capable of complex representations, but limited in capacity, serves a

more likely preparation for the emergence of language than a "natural"

communication system such as the cry of the vervet monkey, or the dance

of a bee (MacGregor, 1987).

The view of language as an emergent property of a complex

representational system, rather than a highly evolved communication

system is favored by Premack (1986), who argues "human language is

after all not exclusively a communication system. The anticipated

continuity may be better realized in conceptual structure, mental

representation, not to mention perception" (p. 4). The present results

hold open the possibility that by continuing to investigate the

interconnection between memory processes and language, a fuller

understanding of the elements of language use, and species differences

in cognitive capabilities, will emerge.
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