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VOCAL LEARNING IN GREY PARROTS (PSITTACUS ERITHACUS):
EFFECTS OF SOCIAL INTERACTION, REFERENCE, AND CONTEXT
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ABSTRACT.—For many passerines, the extent, timing, and even presence of allospecific vocal
learning can be influenced by the form of input that is received. Little data exist, however,
on vocal learning in parrots (Psittacidae). I have previously proposed that such
vocal learning proceeds most readily when input is (1) referential, (2) contextually applicable,
and (3) interactive. The referential aspect demonstrates the meaning of the code to be taught,
the contextual aspect demonstrates the use that can be made of the information contained
in the code, and the interactive aspect provides explicit training that is constantly adjusted
to the level of the learner. To obtain information on the relative importance of these three
aspects of input on learning in a mimetic species, I used three different conditions to train
two juvenile Grey Parrots (Psittacus erithacus) to produce English labels to identify various
common objects. Each bird experienced: (1) audiotaped tutoring, which was nonreferential,
noninteractive, and did not demonstrate contextual applicability; (2) videotapes, which pro-
vided reference and limited information about context, but which were noninteractive; and
(3) live human tutors, who interactively modeled the meaning and use of the labels to be
learned. The birds learned only from the live tutors. A third parrot, trained on a separate set
of labels by tutors who provided only limited reference and context for those vocalizations,
learned to produce that set of labels without comprehension. The data suggest that, even for
birds known for their mimetic abilities, social interaction, reference, and full contextual
experience are important factors in learning to produce and comprehend an allospecific code.
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IN THE LAST DECADE, studies have shown how
input affects allospecific avian vocal learning
(review in Pepperberg 1991, 1993). For birds
that favor conspecific learning (i.e. typically do
not mimic otherspecies in the field), allospecific
learning is often affected by variation in social
and environmental input. Such species (e.g.
White-crowned Sparrows [Zonotrichia leuco-
phrys], Baptista and Morton 1981, Baptista and
Petrinovich 1984, 1986; Song Sparrows [Melo-
spizamelodia), Marler and Peters 1977, 1987, Bap-
tista 1988) may require visual and vocal inter-
action with a live tutor for complete allospecific
song learning to occur. Less is known, however,
about the effect of input on vocal learning in
birds that are frequent mimics.

Data on vocal learning in some mimetic birds
come from experiments on training these birds
to reproduce human speech in the laboratory
(review in Pepperberg 1988a). Little or nothing
was learned by Indian Hill Mynahs (Gracula
religiosa) exposed to tapes in social isolation
(Grosslight et al. 1964, Grosslight and Zaynor
1967, Gossette 1969) or by an Indian Hill My-
nah, Budgerigars (Melopsittacus undulatus), Black-
billed Magpies (Pica pica), a Yellow-headed Par-

rot (Amazona ochrocephala), and a Grey Parrot
(Psittacus erithacus) that experienced limited so-
cial input (Mowrer 1952, 1954, 1958). In con-
trast, Grey Parrots that received modeled, in-
teractive human tutoring (Todt 1975, Pepperberg
1981, 1990a) acquired the targeted speech pat-
terns. Given the reputed ease with which these
mimetic birds are assumed to acquire any type
of sound (see Amsler 1947), data on the effects
of differential input were surprising. However,
because different laboratories tested separate sets
of conditions, the findings could have been a
consequence of interlaboratory variation, as well
as of the different learning conditions (Slater
1991).

The possible confounding factor of interlabo-
ratory variation was countered in a single study
on mimetic European Starlings (Sturnus vulgaris)
that examined how competing forms of differ-
ential input affected learning (West et al. 1983).
Seven birds, placed in three different groups,
did or did not experience, in various combi-
nations: human care and vocal interaction; tapes
of human speech and whistles; and living quar-
ters shared with Brown-headed Cowbirds (Mol-
othrus ater) or other juvenile starlings. All birds
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learned vocalizations only from organisms with
which they could interact (either human or
cowbird) or learned sounds closely associated
with the presence of such organisms (e.g. the
opening of a door that preceded a morning
greeting) and learned nothing from any non-
interactive source. Such data demonstrated the
effect of differential input on learning, but did
not isolate which aspects of the input were crit-
ical for learning.

To demonstrate the relative importance of
various aspects of input for learning, one must
first identify the relevant aspects. According to
a psychological construct called “social-mod-
eling theory” (Bandura 1971, 1977), input can
be characterized by three main aspects (Pep-
perberg 1985, 1988b, 1991, 1992a, Pepperberg
and Neapolitan 1988, Pepperberg and Schinke-
Llano 1991): (1) degree of referentiality, (2) scope
of contextual applicability, and (3) extent of so-
cial interaction. Reference and contextual ap-
plicability refer to the real-world use of the in-
put, and social interaction is a potent means of
highlighting various components of the input.
Reference is generally defined as the meaning
of an utterance (e.g. the relationship between
a label and the object to which it refers). Con-
textual applicability involves the particular sit-
uation in which an utterance is used and the
effects of using the utterance. Social interaction
acts to signal which components of the envi-
ronment should be noted, emphasizes common
attributes—and thus possible underlying
rules—of diverse actions, and allows input to
be continuously adjusted to the level of the
learner. Interaction may also provide a contex-
tual explanation of the reasons for the actions
and demonstrate the consequences of the ac-
tions (for detailed discussion of these points,
see Pepperberg 1993). Researchers can specifi-
cally design input that varies with respect to
these aspects and then evaluate the relative ef-
fects of such variation.

To carry out such an evaluation, I designed
experiments for one adult and two juvenile Grey
Parrots. I examined how various forms of input
affected the amount and type of their acquisi-
tion of an allospecific code, English speech. I
studied how input might affect competence not
only with respect to physical production, but
also with respect to comprehension and appro-
priate use. In the experiment with the juveniles,
I studied the relative effects of three types of
input: (1) nonreferential, not contextually ap-
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plicable, and noninteractive input; (2) refer-
ential, minimally contextually applicable, and
noninteractive input; and (3) referential, con-
textually applicable, and interactive input. In
the experiment with the adult parrot, I studied
the effect of input that was socially interactive
but that minimized reference and contextual
applicability. At the time, I chose not to study
the effect of input that was referential, fully
contextually applicable, and noninteractive be-
cause studies on other species suggested that
such conditions lead at best to production with-
out comprehension (see Savage-Rumbaugh et
al. 1980a, b).

The results of these experiments not only pro-
vide information on Grey Parrots, but also sug-
gest intriguing parallels between avian and hu-
man exceptional learning—learning that is
unlikely in the normal course of development
but that can occur under certain conditions
(Pepperberg 1985, 1986, 1988a, 1993). Such be-
havior was first described by human social psy-
chologists (Bandura 1971, 1977). I discuss the
results in the context of my previous proposal
that avian acquisition of an allospecific code is
a particular form of exceptional learning; I sug-
gest possible parallels between such psittacine
learning and another form of exceptional learn-
ing, human second-language acquisition (Pep-
perberg and Neapolitan 1988).

METHODS FOR EXPERIMENT 1
SUBJECTS AND HOUSING

Subjects were juvenile Grey Parrots, Alo (female)
and Kyaaro (male), that were 10 and 6.5 months, re-
spectively, at the beginning of the experiment. They
were hand raised and had been obtained from their
breeder three months previously. They lived in sep-
arate rooms and could not hear one another. Training
with live tutors and testing occurred while these birds
were atop their cages, on “gyms” (branches that had
been nailed together), or on parrot stands. Birds were
confined to Hoei cages (ca. 38 X 71 X 56 cm) when
humans were absent, and during sleeping hours. Wa-
ter and Harrison’s Bird Diet were available continu-
ously; fruit, vegetables, dried pastas and cereals were
provided when neither testing nor training were in
progress.

TRAINING PROCEDURES

To provide input that varied with respect to social
interaction, reference, and contextual applicability, I
contrasted sessions of live, videotape, and audiotape
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TaBLE 1. Components of different types of tutoring
used to train Alo and Kyaaro.

Contextual  Social

applica- inter-

Reference  bility action
Audiotapes No No No
Videotapes Yes Partial No
M/R protocol Yes Yes Yes

tutoring. Table 1 depicts the variation among the types
of tutoring. The birds received the three types of
training sessions on a rotating basis, two sessions/
day (morning and afternoon) and five days/week for
approximately 11 months beginning 28 June 1991,
excluding student vacation periods.

Live tutoring and intrinsic rewards.—The live-tutoring
system, called the model/rival (M/R) procedure, was
adapted from the work of Todt (1975). M/R training
involves three-way interactions between two com-
petent human speakers and the avian student. M/R
training primarily introduces new labels and con-
cepts, but also aids in shaping correct pronunciation.
Because this study is an in depth comparison of train-
ing protocols, I describe the M/R procedure in some
detail although the material is available elsewhere
(Pepperberg 1981, 1988b, 1990a, b, c).

During M/R training, humans demonstrate to a
bird different types of targeted interactions. Sessions
begin with a bird observing two humans handling
an object; the item is one of several that the bird has
previously chosen and used (e.g. as a preening im-
plement; Pepperberg 1981) for three to five consec-
utive minutes in free-choice sessions over several
weeks. One human acts as a trainer, showing the item
to the second human, who is both a model for the
bird’s responses and a rival for the trainer’s attention.
The trainer queries the model/rival about the item
(“What's here?”, “What matter?”, “What toy?”), giv-
ing praise and the object to reward correct answers.
The technique thus demonstrates referential and con-
textual use of labels with respect to observable objects.
A trainer shows disapproval for incorrect responses
(errors similar to those made by a bird, such as partial
identifications, unclear speech) by scolding and tem-
porarily removing the object from sight. Thus, a bird
observes aversive consequences of errors. The model/
rival is asked to talk more clearly or try again when
a response is incorrect or garbled, thereby allowing
the parrot to observe “corrective feedback” (see Gold-
stein 1984, Vanayan et al. 1985). Because a bird is
rewarded for successive approximations to a correct
response, the protocol adjusts the level of training to
the level of the bird. If a bird is inattentive or its
accuracy regresses, trainers threaten to leave (“I'm
gonna go away!”); such behavior is aversive, as our
birds become agitated and will beckon (“Come here,”
“Want tickle”) a departing trainer.
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Unlike other modeling procedures (e.g. Todt 1975,
Goldstein 1984), my protocol requires repeating an
interaction while reversing roles of the human trainer
and model/rival, and includes the parrot in the in-
teractions. Thus, birds do not simply hear stepwise
vocal duets, but observe and learn to engage in a
communicative process (i.e. a process that involves
reciprocity and can be used by either party to request
information or effect environmental change). With-
out role reversal, birds exhibit two types of behavior
that are inconsistent with interactive, referential com-
munijcation (Todt 1975): (1) they do not transfer re-
sponses to anyone other than the human who poses
the questions; and (2) they do not learn both parts of
the interaction.

The M/R technique specifically demonstrates ref-
erence and contextual applicability by using intrinsic
reinforcers: Reward for each identification is the item
to which the label refers. In contrast, some programs
designed to teach communication skills, for both hu-
mans and nonhumans, use extrinsic rewards (see Pep-
perberg 1990a). In these programs, all correct iden-
tifications of food or nonfood items or appropriate
responses to various specific commands are rewarded
with a single item (generally food) that neither di-
rectly relates to the skill being taught nor varies with
respect to the specific task being targeted. Such ex-
trinsic rewards may delay label acquisition by con-
founding the label or concept to be learned with some
aspect of the reward item (Greenfield 1978, Pepper-
berg 1981, Miles 1983). My procedure, instead, pro-
vides the closest possible association of the label that
is being taught and the item to which it refers (Pep-
perberg 1981).

Videotape presentations.—To provide training that
closely followed the M/R procedure but avoided so-
cial interaction and minimized contextual applica-
bility, I videotaped the previously trained adult par-
rot, Alex, during M/R sessions and exposed the ju-
venile parrots to those tapes. Although Alex already
comprehended and used the targeted labels refer-
entially (e.g. Pepperberg 1990a, b), tapes did not pres-
ent the targeted material as a review session, but fol-
lowed the lines of actual training. Thus, Alex
occasionally erred or interrupted with requests for
other objects and changes of location (Pepperberg
1983, 1987a; references to related behavior in other
species are Davis 1984, Putney 1985, Moran et al. un-
publ. data). As in the live M/R presentations, trainers
would also occasionally err. Not only was the style
of vocal interaction identical to regular M /R sessions,
but tapes also retained patterns of breaks for nonvocal
exchanges (e.g. when trainers preened Alex) and time-
outs by using, respectively, scenes of such nonvocal
interactions or a blank screen. Juveniles watched the
videos in isolation, so that no direct social interaction
with trainers occurred. By watching a human or Alex
produce a particular sound and either receive an ob-
ject or be scolded, the juveniles saw but did not ex-
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perience directly the effect of a vocalization. Videos,
therefore, demonstrated reference but lacked clear
contextual applicability.

Audiotape presentations.— Audiotapes were designed
not only to parallel the M/R and video procedures,
but also to eliminate reference and context. Audio-
tapes consisted of the audio portion of the video of
Alex’s sessions on the targeted vocalizations; audio
and video sessions, thus, did not differ in amount of
auditory input. Juveniles listened to the tapes in iso-
lation and, thus, no objects were associated in any
way with the sounds presented over the speaker.

EQUIPMENT

All tapes were made in the laboratory using an AKG
CK8 microphone. Videos were made with a Panasonic
SVHS AG-450 camera and TDK HS tapes and were
edited with a Panasonic AG1960 proline deck and CT-
2082y color monitor. A zoom lens enabled me to in-
clude life-size images of Alex and the targeted objects
in addition to the somewhat smaller images of the
entire training scenario (the object, Alex, and two
humans). A previous study (unpubl. data) showed
that Alex could accurately label objects presented via
a live video link; Grey Parrots thus appear able to
recognize two-dimensional video representations.
Audiotapes were made and presented on either Sony
TCM 5000 or Marantz PMD 221 recorders using Max-
ell XL-UDII tapes.

LABELS TRAINED AND CONTROLS
FOR SYSTEMATIC BiAs

Each bird was trained on six labels, two each in the
three different conditions. Alo received “cork” and
“paper” in M/R sessions, “nail” and “wood” on vid-
eo, and “key” and “rock” on audiotape. Kyaaro re-
ceived “paper” and “nail” in M/R sessions, “’key” and
“cork” on video, and “‘rock” and “wood’’ on audio-
tape. Training sessions were designed to prevent bias
that might arise from three sources: (1) differing
amounts of exposure to training in each procedure,
(2) variable ease of production of labels, or (3) varying
motivation to obtain the objects that the labels rep-
resented.

Because differing amounts of exposure could influ-
ence the efficacy of the various training techniques,
I closely matched overall lengths of sessions. Videos
and audiotapes were edited into sections that closely
approximated natural breaks in live sessions, and
overall amounts of training were set to resemble an
average of what was given per session to Alex (ca. 30
min per 45-min session), who had received M/R tu-
toring for over 15 years and had acquired a repertoire
of more than 80 referential vocalizations (Pepperberg
1981, 1990a).

Given individual differences between parrots, 1
could not be sure that each of the chosen labels would
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be equally easy for each bird to produce. Therefore,
I counterbalanced labels, so that, with the exception
of “paper” and “rock,” labels used for one bird with
one technique were used for the other bird with an-
other technique. Both birds were exposed to “paper”
via live tutors and to “rock” via audiotape in order
to compare their speeds of learning. I chose labels
that the aforementioned Alex could clearly produce
(Pepperberg 1981, 1990a) to ensure that the vocali-
zations were within the capacity of the species.

Previous work (Pepperberg et al. 1991) also had
shown that motivation affected Alex’s label acquisi-
tion. In situations in which producing an object label
was, at least initially, equivalent to requesting the
object, Alex more frequently practiced labels for fa-
vored items and acquired these labels more readily.
So that motivation would not affect the juveniles’
results, labels used in their training referred to items
with which they had chosen to interact (see above)
in free-play sessions.

TESTING PROCEDURES

To evaluate what the parrots had learned, I admin-
istered tests one to four times per week beginning
February 1992. The protocol (quoted in part from Pep-
perberg 1990a) is summarized here. Specific details
can be found in Pepperberg (1981).

Criterion prior to testing.—The criterion as to when
to begin testing is based on the clarity of a bird’s
speech, and not on the accuracy of labeling in training
(Pepperberg 1981). For testing to begin, a vocalization
must be recognized by trainers in blind trials with
better than 90% interobserver agreement. Thus, I
separate the effect of our procedures on a bird’s ability
physically to emit a label from the effect of the pro-
cedures on the bird’s ability to associate the label and
its referent. Only when the former skill is considered
satisfactory is the latter skill tested (Pepperberg 1981,
1983).

Precautions against trainer-induced cuing.—Test situ-
ations included specific precautions to avoid trainer-
induced cuing (Pepperberg 1981). One precaution was
a design that prevented either the subject or exam-
iners from predicting which questions (or answers)
would appear on a given day. Tests were constructed
as follows: The principal trainer (LM.P.) listed the
object labels to be examined. The order of presenta-
tion was assigned randomly by a student not engaged
in testing. A small number of questions (two to five)
was then presented intermittently during training
sessions on current (and thus unrelated) topics for
several days until all questions were asked. While
object labels were being tested, for example, students
and I were training sequential number recognition.
Training questions (“How many?”’) were thus as like-
ly during test sessions as a test question (“What's
this?”); also, a specific test object might appear only
once or twice per session and its appearance could
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not be predicted. A second precaution against cuing
was to ensure that trials on a given label were con-
ducted by a student who never trained that label.
While training is in progress, students test a number
of labels that they do not train, so the presence of a
specific student could not cue a bird as to which label
would be tested.

Precautions against “expectation cuing”.—Intermin-
gling different test questions (e.g. “How many?”,
“What's this?”, “What matter?”’) during training on
other topics also ensures against “expectation cuing”
that may occur if a subject “expects” queries on a
single topic. Contextual information in single-topic
tests could be responsible for a better performance
than would otherwise be justified by a subject’s actual
knowledge of a topic, in that a homogeneous set of
questions might lead a subject to ignore all but a small
subset of responses. My birds, however, are never
queried on a single topic (e.g. object labels) in a ses-
sion, nor, more importantly, tested successively in
one session on similar questions (“What’s here?”’) or
on more than three questions that have a particular
correct response {(e.g. “cork”). Moreover, only novel
objects are used for testing and identical exemplars
are never used for similar questions (e.g. a bird is
asked about shapes, sizes, and colors of trucks, paper
and pieces of cork that differ from training exemplars
and differ from question to question). A question (with
its exemplar) is repeated in a session only if the initial
answer is incorrect (see below; Pepperberg 1981). Thus,
although the range of correct responses to, for ex-
ample, “What's here?”, “What matter?”’, or “How
many?” was limited initially to just a few object or
number labels, in any session a bird had to choose
from among several possible responses to the object
and number questions to be correct (Pepperberg 1981).

Maintaining the subjects’ attention.—Concurrent work
on several tasks is also necessary because birds be-
come restless during sessions devoted to a single task.
They cease to work, preen, or interrupt with requests
for preening (e.g. “Want tickle”). A detailed discus-
sion of such behavior is in Pepperberg (1990a).

Correction procedure.—The number of times objects
are presented to a parrot depends upon its accuracy,
which is determined as follows: The examiner (a stu-
dent trainer), presents the targeted object to the bird.
The principal trainer sits so that she cannot see the
bird, the examiner, or the object being presented. The
examiner asks one of the test questions, to which the
bird responds. The principal trainer then repeats what
she heard the parrot say. This repetition prevents the
examiner from accepting an indistinct, incorrect vo-
calization that is similar to an expected, correct re-
sponse (e.g. “or” for “cork”). Interpretation of abird’s
response is unlikely to be influenced by hearing the
type of question. Posttest transcriptions of contextless
tapes of Alex’s responses agree with the original eval-
uations to within 98.2% (Pepperberg 1992b). If what
the principal trainer heard is correct (e.g. the appro-
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priate object label), the bird is given praise and the
object and no additional presentations occur (i.e. only
a ““first trial” response exists). If a response is incorrect
or indistinct, the examiner removes the object, turns
his/her head (a brief “time-out”), and says “No!” The
examiner then implements a correction procedure in
that the misnamed object is immediately (re)presented
until a correct identification is made; errors are re-
corded.

Birds thus find that an incorrect response (e.g. sub-
stitution of the label of a more desired item for the
one presented) is fruitless; instead, correct responses
allow a bird to proceed to a preferred item. Because
immediate representation of objects during a test oc-
curs only when response to the initial presentation
is incorrect, the protocol penalizes a “win-stay”” strat-
egy. Incorrect repetition of a previously correct re-
sponse (e.g. the name of the previous exemplar) elicits
no reward.

Scoring procedure.—Test scores are reported two ways,
for “first” and “all trials.” First-trial data are the per-
centage of first trials that are correct and are used for
statistical analyses. For comparison, I report the all
trials score for each task. The all trials score is the
total number of correct identifications (i.e. the pre-
determined number of tested items) divided by the
total number of presentations required. If a bird can-
not produce a correct response, I report only first-trial
data.

RESULTS OF EXPERIMENT 1

The data demonstrated that the form of input
affected the parrots” acquisition of labels. Nei-
therjuvenile acquired utterances after 11 months
of exposure to either the audio or the video
presentations, although two videotapes of them
during these sessions demonstrated that they
whistled, squawked, and appeared to attend to
the video. Both birds, however, learned vocal-
izations after exposure to seven months of M/R
training, although the two labels that Kyaaro
acquired were still too garbled at the end of 11
months to distinguish for testing purposes. Af-
ter seven additional months of training, these
vocalizations could be tested. This additional
exposure did not, however, enable Kyaaro to
acquire the labels trained in the audio or video
conditions.

ALo

Alo never produced, in the presence of train-
ers, labels she experienced via video (wood, nail)
or audio (key, rock). Tapes of her solitary sound
productions also revealed that she did not
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TABLE 2. Results of object-identification tests.
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Object Test score Percent Erroneous identifications (no. errors)
A. Alo
Paper 34/40 85 Cork (4), unintelligible (2)
Cork 34/40 85 Paper (1), unintelligible (5)
Wood 0/20 0 Paper (3), cork (8), four (4), unintelligible (5)
Key 0/20 0 Paper (3), cork (4), four (5), unintelligible (8)
Rock 0/20 0 Paper (1), cork (10), four (2), unintelligible (7)
Nail 0/20 0 Paper (2), cork (4), four (8), unintelligible (6)
B. Kyaaro
Paper 34/40 85 Nail (5), unintelligible (1)
Cork 0/20 0 Paper (8), nail (6), unintelligible (6)
Wood 0/20 0 Paper (6), nail (7), unintelligible (7)
Key 0/20 0 Paper (4), nail (13), unintelligible (3)
Rock 0/20 0 Paper (6), nail (9), unintelligible (5)
Nail 35/40 87.5 Paper (1), unintelligible (4)

“practice” (see Pepperberg et al. 1991) labels for
the targeted objects. On identification tests of
these objects beginning in April 1992, Alo scored
0% on 20 trials for each label (binomial test, P
= 0.0261, chance of 1/6). Her total score was
0/80. I did not re-present the objects on any
trials because she never produced even an ap-
proximation to the correct labels.

In contrast, on tests given February through
April 1992 on labels taught via the M/R pro-
cedure, first trial scores were 34/40 for both cork
and paper (85%, binomial test, P < 0.0001, chance
of 1/3 [possible responses were learned labels
or an unintelligible utterance, possibly an at-
tempt at another label]; P = 0.0026, chance of
1/2 [possible responses of the learned labels
only]). Overall scores were 40/46 (87%) for cork
and for paper. Table 2 gives a breakdown of her
errors.

KYAARO

Kyaaro also did not produce, either in the
presence of trainers or in private practice, labels
that he experienced via audio (wood, rock) or
video (cork, key). He attempted to produce la-
bels taught via the M/R technique {paper, nail)
but, at the end of 11 months, ran them together
(“ail-er”’) in a manner too difficult to distinguish
by trainers for testing. He did, however, pro-
duce clearly differentiated versions of nail and
paper during private practice. After several more
months of training, his labels were at criterion
for testing. Because Kyaaro subsequently had
several surgeries, we could not test until 1993.
On identification tests for each of these objects

beginning the end of May 1993, Kyaaro scored
0% on 20 trials for each label trained via audio
or video tape (binomial test, P = 0.0261, chance
1/6). His total score was 0/80. As before, I did
not re-present the objects on any trial. On tests
given May through July 1993 for labels taught
via the M/R procedure, his first trial scores were
34/40 for paper (85%, binomial test, P < 0.0001,
chance of 1/3; P = 0.0026, chance of 1/2) and
35/40 for nail (87.5%, binomial test, P < 0.0001,
for chance of 1/3 and 1/2).

Interestingly, in the first 11 months, Kyaaro
did acquire a few extremely clear vocalizations
from informal interactions with trainers: “Hi
Kyo,” “Want tickle,” “Kiss.” These utterances
are always contextually appropriate; they are
used, respectively, when we enter his room but
ignore him (e.g. during cleaning or a “time out”),
while he bows his head and stretches toward
our hands, and when he stretches his beak to-
ward our faces. As Kyaaro always accepts tickles
or beak rubs, such utterances cannot be tested
and no claims can be made for their referen-
tiality.

DISCUSSION OF EXPERIMENT 1

The difference in performance of the two ju-
venile parrots must be examined before the re-
sults of the experiments can be interpreted. Al-
though Kyaaro’s data eventually matched those
of Alo, he required several more months of
training. A study of the literature on develop-
mental delays in humans suggested that Kyaaro
had many behavior patterns in common with
those of “attention-deficit disordered” (ADD)



306

children (Barkley 1990): short attention span,
inability to wait one’s turn, difficulty in focus-
ing on an object, frequent task-irrelevant activ-
ity (e.g. self-stimulation, which for Kyaaro is
obsessive foot chewing), erratic performance on
repetitive tasks, and physical clumsiness. After
this study was completed, my students and I
found that Kyaaro responded to one of the tech-
niques used for working with ADD children
(Sherman pers. comm.). We found that Kyaaro
would attend more closely to all training if he
received intense physical stimulation (stroking,
tickling) for several minutes before a session.
Such intervention would not, however, have
affected the overall results of this study. In a
subsequent series of experiments, Kyaaro
learned via the M/R technique and not from
other forms of video training even when phys-
ical stimulation preceded all types of sessions
(unpubl. data).

Thus, the data suggest that referential, con-
textually applicable, and socially interactive in-
put best facilitates learning. Even Kyaaro’s re-
sults suggest the effectiveness of social input
that contains reference and contextual infor-
mation. The data do not, however, tell anything
about the effect of input that is socially inter-
active but that lacks reference and contextual
applicability.

I attempted to examine the effect of such in-
put as part of a study on numerical competence.
While the juvenile parrots were receiving au-
dio, video, and M/R training on object labels,
they were also exposed to different numbers of
sequential notes on a synthesizer while humans
modeled correct numerical responses. Neither
bird would attend to training (instead, they
would preen, chew their feet, request tickles,
etc.) until I used chewable Arabic numerals as
rewards. Such behavior suggested, but did not
prove, the importance of reference and context
for learning. Data from the juveniles” learning,
therefore, must be compared with results from
a separate experiment in which the adult parrot,
Alex, was taught, via the M/R protocol, a non-
referential set of vocalizations that lacked ex-
plicit contextual applicability.

METHODS FOR EXPERIMENT 2
(PART 1)
SUBJECT AND HOUSING

The experimental subject, a Grey Parrot named Alex,
has been the focus of cognitive and communicative
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studies since 1977. He had access to all parts of the
laboratory (contingent upon his vocal requests; e.g.
“Wanna go gym”) when trainers were present (8
h/day); trials thus occurred at various locations. He
was confined to a desk top and a wire cage (62 x 62
x 73 cm) at other times (e.g. sleeping hours). He had
no regular access to other parrots, as this study was
completed before I acquired the juveniles. Water, a
psittacine seed mix, and a limited selection of chew-
able objects (e.g. wooden plant stakes) were available
continuously; fruits, vegetables, whole nuts and other
objects (keys, variously shaped pieces of wood, paper,
wool, etc.) were provided at his vocal request (e.g. “I
want cork.”).

When this study began, Alex had been trained ex-
clusively with the M/R procedure and referential re-
wards. He thereby had learned referential use of la-
bels for 50 different objects, 6 shapes, 7 colors, and
quantifiers up to 6 to identify, request, refuse, and
categorize objects (Pepperberg 1981, 1983, 1987a). He
had been tested on concepts such as the presence or
absence of sameness and difference, and on the ability
to categorize objects with respect to color, shape, or
matter (Pepperberg 1987b, 1988¢). Other tests (Pep-
perberg 1990b) showed that he could comprehend as
well as produce all of his color, shape, material, and
category labels. He also had functional use of several
phrases (e.g. “Come here,” “You tickle,” “What's
that?,” “I'm sorry,” “You tell me,” “Wanna go X,” and
“Want Y,” where X and Y are location and object
labels).

TRAINING PROCEDURES

As part of two other studies, on numerical com-
petence and serial learning, Alex was taught a se-
quence of eight number labels that had no reference
either to specific objects in the laboratory or to pre-
viously acquired labels. The set of labels, il ee bam ba
00 yuk chil gal, was derived from Korean count labels
both to facilitate comparisons with children (Fuson
1988) and to be maximally different from English
number labels already in his repertoire. “Bam” (pro-
nounced \baem\) and “ba” were substituted for the
Korean “sam” and “‘sa” because Alex sometimes had
difficulty producing an initial “s.” Training occurred
four to five times per week, beginning October 1988
and continued until Alex produced a modified form
of the sequence in June 1989; we eventually accepted
his insistence on nuk in place of yuk.

The usual M/R procedure was amended to elimi-
nate as much reference and context as possible. Two
humans still engaged in training, but did not em-
phasize the connection between labels and specific
objects or collections. Initially, one human would state
“Say number” and the other would produce the string
in the absence of any objects. Correct responses were
rewarded with vocal praise and the opportunity to
request any desired object (Pepperberg 1987a); errors
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were punished by scolding and time-outs. Trainer
and model/rival reversed roles periodically.

Alex did not attend to training (e.g. would preen
or request toys or many changes of location) until we
included a minimal point of reference: a “number
board” consisting of a piece of paper with Arabic
symbols 1 to 8 traced along the diagonal. The trainer
then held the paper in front of the model/rival while
asking him/her to “Say number,” but did not point
to the numbers, refer to them in any manner, or trans-
fer the paper. Training, therefore, lacked the usual
context and lacked all but minimal referentiality.

Even with the number board, Alex still often ig-
nored (e.g. turned his back to) the trainers. He would
say “No” during his turn or would request various
items before replying. Trainers responded to such
behavior with a “time-out”: They would say “I'm go-
ing to go away” and leave the room. They would
return if Alex said “Come here,” “I'm sorry,” or if he
attempted the targeted vocalizations. If, after learning
part of the sequence, Alex regressed to an earlier ver-
sion (e.g. omitted a label from the string), he would
not be scolded but was asked to 'Say better.”

TESTING

Alex’s tests were identical to the juveniles’ with
respect to precautions against cuing, maintaining his
attention, correction procedures, and scoring. The tests
differed in only two ways. First, Alex was being tested
on more tasks than the juveniles, so his tests included
more topics. Second, because the labels did not refer
to particular items, correct responses were rewarded
with praise and a chance to request a desired object
rather than the item to which a label referred.

Initial testing occurred mid-June to mid-December
1989, excluding student vacation and exam periods.
Tests occurred two to four times per week but, given
the number of topics covered, trials on Korean labels
could occur on average less than once a week. During
tests Alex was shown the number board and asked to
“Say number.”

Alex was also tested on his ability to make 1:1 cor-
respondences between the number labels and various
quantities of objects (i.e. on his comprehension of the
labels). The intention was to see if he would say, for
example, “il ee bam” to three items. During such tests,
he was shown one to seven objects on a tray and asked
to “Say number.” Such tests occurred early January
to late March 1990.

RESULTS OF EXPERIMENT 2
(PART 1)

Training on Part 1 took 9 months, which was
unusually long (Pepperberg 1981, 1983). Nor-
mally, labels containing sounds that are already
in Alex’s repertoire (e.g. “ee,” “00”’) are learned
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TaBLE3. Condensed journal entries describing order
of Alex’s acquisition of adapted Korean count la-
bels.

19 Oct. 1988—Began training on rote sequence of
number labels.

8 Nov.—Alex first produced chil in his trainers’
presence; he occasionally praised model with
“Yeah! That's right”” for a correct response during
training.

14 Nov.—Clearly vocalized chil and ba independent
of all other labels when given the count direc-
tive, “Say number.”

14-29 Nov.—Gave continuous and more frequent
vocalizations of chil ba.

30 Nov.—First vocalization of chil ee bam ba.

30 Nov.-2 Dec.—Tapes of solitary practice showed
frequent production of chil, chil ee bam ba, and oc-
casionally il ee bam ba.

2-7 Dec.—Tapes of solitary practice show frequent
production of il ee bam ba.

9 Dec.—First vocalized il ee bam ba in a trainer’s
presence.

19 Dec.—Began to place chil later in list; he fre-
quently produced il ee bam ba (pause) chil.

23 Dec.—Said il ee bam ba chil bail; first evidence of
label subsequent to chil.

9-25 Jan. 1989 —Tapes during solitary practice
showed frequent production of il ee bam bak
(pause) chil. The “k” sound at the end of bak is
pronounced.

16 Jan.—First attempt by Alex at a longer, ordered
sequence: i ee bam bak ss-uck chil. No evidence for

al.

6-24 Feb.—Often placed a “k” sound on ba; also of-
ten inserted sn-uck after ba in presence of train-
ers. Alex also interrupted with the word chil in
its appropriate place when trainer recited com-
plete sequence.

2 Mar.—Continued attempt to recite seven labels:
ee bam ba sn uck chil.

9 Mar.—Alex added an eighth label, although it
was not correct: il ee bam ba sn uck chil ee-bail.

20-24 Mar.—First attempt by Alex at vocalizing
eight labels of similar phonology and order to
training sequence: il ee bam ba oo nuk chil wool.
Still no evidence for gal.

24 Apr.—Responded to “Say number” with il ee
bam ba oo nuk chil.

9 May—Regressed to il ee bam ba look chil.

10 May—Produced il ee bam ba oo nuk chil, some-
times without oo.

13 June—Produced entire sequence il ee bam ba oo
nuk chil gal.

il

in a few days or overnight (Pepperberg 1983,
1990c, Pepperberg et al. 1991). In this study,
however, he acquired these presumably “easy”
labels six weeks and five months, respectively,
after he produced those that less closely resem-
bled familiar sounds (e.g. “chil”; Table 3).
Alex eventually produced, in order, the string
of labels that were modeled, substituting “nuk”
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for “yuk.” In 20 tests, he made 4 errors (80%
correct); he omitted “00” twice, “gal” once, and
both “00” and “gal” once. The probability of
obtaining this score by chance was less than
0.0001 (binomial test, chance 0.0002). His over-
all score was 20/24 (83%).

Alex could not, however, produce shorter
strings when presented with sets of fewer than
eight items. His responses were similar to those
when asked to “Say number” to sets of eight
items. In 10 of 14 trials, he produced the entire
string; he omitted “00” on two trials (during
presentations of 1 and 4 items), and omitted
“gal” on two trials (during presentations of 3
and 5 items).

METHODS FOR EXPERIMENT 2
(PART 2)

Alex was again the experimental subject and was
housed as in Part 1. After testing on Part 1, students
and I began to train Alex, with limited reference and
contextuality, on use of the string of labels to refer
to quantity. We modeled 1:1 correspondences be-
tween the entire string of labels and several different
sets of eight objects (e.g. toy cars, pompons). A trainer
pointed to each object as the model/rival responded
with the relevant number label. We intentionally
never modeled quantities less than eight. Training
began in late March 1990 and continued for approx-
imately three months, except for student vacation and
exam periods.

Alex was tested as in Part 1. Testing began May
1990 and ended August 1990.

RESULTS OF EXPERIMENT 2
(PART 2)

Even after our modeling of 1:1 correspon-
dences for sets of eight items, Alex failed to
respond appropriately to smaller sets. Whatever
the quantity on the tray, he most often pro-
duced the entire set of labels. Thus, his behavior
resembled that of Part 1. In 11 of 14 trials, he
produced the entire string; he omitted “00” on
a trial for five items, omitted “ba’ on a trial for
seven items, and omitted “gal” on a trial for
four items.

DiscUSSION OF EXPERIMENT 2
(PARTS 1 AND 2)

Although the amount of time that Alex need-
ed to acquire these labels was somewhat un-
usual, his training had never before lacked ref-
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erence and contextual applicability. His
behavior was not necessarily a consequence of
his training history, because the juveniles, de-
spite their lack of a similar training history, also
failed to attend to socially interactive input that
lacked reference and contextual applicability
(e.g. the first attempt at training sequential
numbers). Lack of these features may, however,
have affected Alex’s motivation to learn. In pre-
vious studies, his desire for the object to which
a label referred affected the speed of his acqui-
sition of that label (Pepperberg et al. 1991). Thus,
the lack of referential reward and contextuality
likely contributed to his lack of interest in ses-
sions and his delay in acquisition.

Alex’s failure to comprehend the labels in
Part 1 was not surprising. His training inten-
tionally failed to provide either any under-
standing of the individual meanings of the la-
bels he heard or any clear connection between
use of the labels and his environment (i.e. did
not provide reference or specific contextual ap-
plicability). He had been shown and had learned
merely an association between events (i.e. to
produce a rote series in response to a patterned
sheet of paper and the command ““Say num-
ber”).

Even the demonstration in Part 2 of 1:1 cor-
respondence between the full set of labels and
the full set of objects provided conditions that
were inadequate for a Grey Parrot to learn to
comprehend as well as produce a set of labels.
Such training provided only a limited sense of
context and no direct information about the
meaning of individual labels. Previous data (e.g.
Pepperberg and Brezinsky 1991) suggest that,
had his training in Part 2 been explicitly ref-
erential, he might have succeeded. For example,
had Alex been referentially taught the relation-
ship between a few subsets of the labels and
the appropriate subsets of objects (e.g. the con-
nection between “il ee” and two keys, and “il
ee bam” and three cups), he could have trans-
ferred such learning to the remaining subsets.
The point of the study, however, was to ex-
amine what he would acquire with only limited
reference and contextuality.

Two inferences can be made from these find-
ings. First, social interaction can, to a degree,
compensate for input with only minimal ref-
erence and contextuality, but learning from such
input will occur more slowly than from input
that is also referential and contextually appli-
cable. Second, input that is socially interactive,
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but that provides only limited reference and
contextual applicability, enables a learner to
produce but not comprehend the code that is
trained.

GENERAL DiIscUSSION

Social interaction, reference, and full contex-
tual experience are all important factors in
learning to produce and comprehend an allo-
specific code even for a mimic such as the Grey
Parrot. Absence of some of these factors affects
whether and how learning occurs. The effects
of each condition can be described in some de-
tail.

When all three factors are missing, as in au-
diotape presentations, allospecific vocal learn-
ing does not occur. Although the juveniles re-
acted to the sounds of the tape recorder with
parrot noises (e.g. whistles and squawks), they
made no attempt to reproduce the human sounds
contained on the tape. In a sense, the sounds
may have been no more than interesting back-
ground noises. The birds were given no op-
portunity to deduce explicit meanings for the
sounds and were not shown the purpose for
which the sounds could be used. Their response
to the sounds had no effect on what they sub-
sequently heard or received, either vocally or
physically. Therefore, they had no reason to
acquire the sounds. Even so, they might have
learned the sounds from the tapes and then
either produced a sound at random or in con-
nection with some irrelevant cue, or made some
association between the novel sound and the
novel object that, subsequently, was presented
to them. They did not, however, behave in any
of these ways. According to social-modeling
theory (e.g. Bandura 1971, 1977), acquisition of
any form of exceptional learning (especially
second-language acquisition; see Snow et al.
1976) is unlikely for humans under such con-
ditions, and the same appears true for Grey Par-
rots.

The presence of reference and limited context
in the absence of interaction is also not suffi-
cient for allospecific vocal learning. Although
the birds attended to the videos, they did not
acquire the sounds that they saw modeled. In
the absence of social interaction, the juveniles
could have failed to learn for at least three rea-
sons: (1) they failed to realize that the interac-
tion that they observed could be transferred to
their own situation; (2) they could not deter-
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mine exactly what aspect of Alex’s behavior was
actually causing the transfer of the desired ob-
jects; or (3) they simply stopped responding to
what they saw on tape because they received
no encouragement for what could have been
their first approximations to the targeted vo-
calization (i.e. training was not adjusted to their
level of competence). Clearly, merely watching
another individual receive objects for produc-
ing particular sounds provided insufficient in-
put for learning. These data are consistent with
findings that demonstrate that verbal interac-
tions are necessary for a child to learn how and
why to use a second language (a form of ex-
ceptional learning; Pepperberg and Neapolitan
1988). Children who are exposed to a second
language solely through television fail to ac-
quire more than a few words (Snow et al. 1976),
even if the shows have a tutorial style (Larsen-
Freeman 1979).

In the experiment with Alex, the presence of
social interaction and severely limited context
and reference provided, at best, conditions for
production but not comprehension of an allo-
specific code. In this case, the parrot received
positive feedback merely for making a partic-
ular sound in response to a specific cue; the bird
was given no reason to work towards under-
standing what it was saying or the appropri-
ateness of the vocalization. If acquired, such a
vocalization is unlikely to be generalized to re-
lated situations. Such training represents most
learning situations of mimetic birds that are pets,
and explains why parrots were once thought
incapable of doing more than randomly mim-
icking human speech sounds (e.g. Lenneberg
1973). Note that Alex’s data are consistent with
those of studies on the use of nonreferential,
socially interactive input for other forms of ex-
ceptional learning (e.g. with children who are
[also] learning a second language). Krashen
(1982) has shown that children may fail to ac-
quire (or acquire very slowly) foreign lan-
guages spoken in their homes when the input
provides few references to the objects or situ-
ations to which the child is attending and more
references to other aspects of the environment.
Similarly, adult humans whose foreign-lan-
guage companions do not provide reference or
demonstrate contextual applicability will likely
fail in their attempt to acquire the second lan-
guage (see Burling 1981, Winitz 1981, Klein 1986,
also Pepperberg and Neapolitan 1988).

Most likely, social interaction and context
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without reference will also engender produc-
tion without comprehension. Such is probably
the case for pet birds that learn to produce, for
example, “Hello” or “Bye, bye” routines (“Good
night dear,” “Good-bye, and thank you”; Am-
sler 1947) appropriately but do not comprehend
the use of the individual words in these rou-
tines. These birds may have a more general sense
of the situations in which their vocalizations
can be used than do birds taught without con-
text, but cannot be said to have acquired full
functional use of the part of the allospecific code
they have acquired.

Based on the predictions of social-modeling
theory (Bandura 1977, Pepperberg 1991), I sug-
gest that Grey Parrots are also unlikely to ac-
quire comprehension of elements of an allospe-
cific code from input that is referential, fully
contextually applicable, but noninteractive.
Thus, the presence or absence of an item that
could be considered a reward is likely to be less
important than the presence or absence of social
interaction. In the M/R training, for example,
the presence of a reward is unlikely to be the
most critical factor in learning because a bird
is rewarded only after it has made an attempt
at the targeted label; that is, reward occurs only
after some learning has taken place. Moreover,
the reward primarily reinforces referentiality.
Data on nonvocal allospecific learning in a non-
human primate provide some corroboration. For
example, a chimpanzee (Pan troglodytes), who
learned non-interactively to produce symbols
based on human language to answer questions
or make requests, was unable to generalize to
related situations (see Savage-Rumbaugh et al.
1980a, b). Like this chimpanzee, parrots might
learn to produce appropriate elements of the
code, but comprehension would similarly be
lacking. Because it is conceivable (although un-
likely) that parrots could learn under condi-
tions unfavorable for chimpanzees, such con-
ditions remain to be tested.

All of these experiments, however, involve
teaching a referential allospecific code to sub-
jects in a laboratory situation. Thus, two ques-
tions arise as to the general validity of the ex-
periments: (1) To what extent is natural parrot
communication referential (i.e. why examine
referentiality if parrots do not normally engage
in referential communication)? (2) Under what
conditions might allospecific learning occur in
nature (i.e. how does this study relate to con-
ditions in the real world)?
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No information exists concerning Grey Par-
rots” use of referential vocalizations in the wild
(Forshaw 1989). Limited data for other psitta-
cine species, however, suggest that referential-
ity is a characteristic for which one might fruit-
fully search. Some parrots have intrapair duets
that are distinct from interpair or other inter-
parrot vocalizations; these duets may mediate
interactions among flock members (Gwinner
and Kneutgen 1962, Mebes 1978, Wickler 1980).
Such duets are more complex and take longer
to learn than those of passerines (e.g. wrens;
Farabaugh 1982). If complex communication
developed in response to, and in order to me-
diate, complex social interactions (Humphrey
1978, Crook 1983, Burling 1985), such vocali-
zations could be referential. So far, Yamashita
(1987) reported cooperative vocal “sentinel” be-
havior in flocks of Indigo Macaws (Anodorhyn-
chus leari) as part of their extensive social or-
ganization, Gnam (1988) suggested that calls are
used for individual recognition of mated pairs
within groups of Bahama Amazons (Amazona
leucocephala bahamensis), and Pepper’s data {pers.
comm.) suggest individual vocal recognition and
contextual calls in Glossy Black Cockatoos
(Clyptorhynchus lathami; note Saunders 1983).
Moreover, a Grey Parrot would not likely ac-
quire referential communication in the labo-
ratory unless such behavior (e.g. Pepperberg
1990a, 1992b, in press) were based on a preex-
istent cognitive architecture (Rice 1980, Pre-
mack 1983).

Comparing laboratory and fieldwork on Grey
Parrots is, however, difficult because no studies
exist that describe the conditions under which
Grey Parrots acquire or use allospecific vocali-
zations in nature. A recent paper (Cruickshank
etal. 1993) provides the only evidence that such
allospecific learning occurs. Conceivably, re-
search such as mine will provide an impetus
for the appropriate field studies.

In sum, I have sought to determine the con-
ditions necessary for the acquisition of a ref-
erential, allospecific communication code by
Grey Parrots. Even though mimetic birds are
characterized by their extensive capacities to
acquire allospecific vocalizations, Grey Parrots
(at least) seem to learn such a code most readily
under certain environmental conditions. Al-
though some combinations of conditions re-
main to be tested for these birds (e.g. reference
and full contextual applicability in the absence
of social interaction; reference and limited con-
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text with either full or limited interaction; the
effectiveness of two- versus three-dimensional
referents), input that is fully referential, con-
textually applicable, and socially interactive en-
sures that these parrots cannot only produce but
also eventually comprehend allospecific vocal-
izations (Pepperberg 1987a, b, 1990b, 1992b).
Lack of some or all of these aspects will affect
the course of acquisition and will likely prevent
full allospecific learning from occurring.
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