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Abstract—Past research has suggested that bonobos have
demonstrated capabilities of successful linguistic interaction with
humans. A transcript of interactions linked to such claims is
analyzed using methods that have been deployed to assess mutual
understanding in human communication. Evidence of dialog plan
maintenance on the part of the bonobo is visible, but not of
understanding of the human dialog partners (nor vice versa,
mostly).

I. INTRODUCTION

Successful interspecies communication between humans
and other creatures appears to be possible, to the extent that
researchers in cognitive infocommunications1 have seen ways
to improve technology interfaces for human-human communi-
cation on the basis of human-dog communication [4]. Others
seek to improve communication between humans and non-
humans [5]–[7]. Language may be understood as a technology
that is adapted for communication [8], [9]. The extent to
which interspecies communication involving human language
has been successful is an open question.

A published analysis of human-bonobo communication
[10] focuses on the role of repetition in establishing cohesion
in communication, towards a general argument attributing
linguistic prowess to the relevant bonobo, Panbanisha: “we
wish to argue that the bonobo’s discursive contributions are
non-random and that this interspecies communication takes the
form of a cohesive conversation with active co-construction by
both parties” (p. 23). We take this assessment to be based
on qualitative interpretation. The present work re-analyzes
the data reported there, quantifying the extent to which the
linguistic repetition behavior significantly diverges from what
might be expected in a random process. The method of analysis
builds on past analyses of conversations focused on assessment
of synchrony and engagement among participants [11]–[15].
We build on past analysis of the bonobo data [10], [11].
Application of the method of analysis advocated here leads to
the conclusion that there is insufficient support for the claim
quoted above to the effect that Panbanisha’s conversational
engagement was non-random.

Repetition provides an fallible index of interlocutor en-
gagement in conversation. Repetition has many functions in
conversation beyond signalling synchrony [16]. Further, the
illusion of interlocutor participation may be sustained by re-
peating elements of discourse without attending to the content,
and indeed, one way to fake engagement in conversation is to
repeat the odd word or phrase uttered by an interlocutor. For

1See [1]–[3].

this to be a successful approach, it is necessary that measures
of lexical and sub-lexical repetition in un-natural conversations
are significantly different than in natural conversational interac-
tions. A conversation in which interlocutors talk to each other
about unlinked topics would be un-natural, and any lexical
overlap would be random. Nonetheless, in natural dialog, it
may happen that repetitions are distributed randomly.

The point has been made that language is not a random
process [17]. When one considers distributional properties
of natural language, in particular the facts of the frequency
relations between successive pairs of items in rank-frequency
orderings of words used, one would probably imagine that
repetition in natural language is inevitable: it is hardly a
surprise for successive statements by distinct speakers to
contain the word “the”. It becomes interesting to consider
how much and what kind of repetition in conversation is
interesting and revealing of enagement and mutual understand-
ing. Recent work has attempted to demonstrate the extent to
which repetition in dialog correlates with task success [18]–
[20]. Other work is developing profiles of dialogs according to
levels of repetition effects (repetition of self, and repetition of
others) as measures of interlocutor synchronization and relative
involvement in dialog, in support of quantifying evidence of
mutual understanding [11]–[15].

We use a Monte Carlo approach in which natural dialog
transcripts are compared with randomized versions of the turns.
Using past categorization of such approaches [21], the method
constructs “full-sample” permutations. Counts of linguistic
event types in the natural dialog are compared with counts of
the same types in the randomizations. To obtain the randomiza-
tions the contributions of each participant are processed into a
sequential data-structure, with one cell for each turn. The data-
structure is then re-indexed using a random process without
replacement, and this re-indexed structure is used to write
revised transcripts in which the same turns ultimately happen,
but nearly certainly in a different order. Measurements made
for the actual dialog are compared with average measures made
on the re-ordered dialogs, running the re-ordering process ten
times. Here we focus on lexical and lexical sequence repetition
counts in successive turns – any turn has a speaker: we consider
the count of items shared between that turn and that speaker’s
last turn (self-repetition) and the counts shared between that
turn and each other speaker’s last turn (other-repetition). In
principle, temporal overlap may also be considered as a metric
of engagement; however, this data is not available in the
bonobo-human data addressed.

§II describes the data related to claims of interspecies



1. PB: CARRY YES
2. SSR: you want Russ to carry you? ((quiet laughter)) instead of the dog. (1.0)
3. Panbanisha i’m going to tell you something (4.5)
4. Russ is going to CARRY the DOG because the DOG is SCARED of
5. PANBANISHA. the dog is scared of you.

Fig. 1. Initial transcript segment (5 of 95 lines) [10].

communication re-analyzed here. §III details the methods of
analysis used in our assessment of the degree to which the
dialog evidence diverges from expectations associated with
randomness. §IV considers the human-bonobo interactions,
where patterns characteristic of human-human dialogs are not
necessarily expected. It is shown that the effects which are
visible in the bonobo-human interactions cannot be confidently
argued to be other than random.

II. BACKGROUND

Transcripts of bonobo-human interactions have been ana-
lyzed for repetition effects with the argument that these effects
are not random [10]. The methods addressed involved scrutiny
of context (for example, the role of a dog) and a particular
focus on repetition in the transcripts (“carry”, “telephone”,
“mad”). Instances of repetitions of forms across the entire
transcript are reckoned as evidence of overall lexical cohesion.
Linking the forms to context provides a foothold in arguing
that the forms are contextually grounded, and to that extent
non-random. The situation involves Sue Savage-Rumbaugh
(SSR), an adult human male (Russ), a dog (Mocha) and Pan-
banisha, a bonobo (PB); the humans communicate vocally, and
the bonobo uses a keyboard to convey lexigrams (along with
uninterpreted vocalizations). The transcript and accompanying
description reveal: PB has frightened the unfamiliar dog; PB
wishes to be carried; the bonobo adheres to a plan of conveying
this wish; evidence of this plan is in repetitions of the lexigram
for “carry” in distinct dialog turns, after intervening contribu-
tions from the other interlocutors. The initial instance of the
use of the lexigram by PB is shown in the transcript excerpt in
Fig 1. Pedersen and Fields observe [10, p.32], “The laughter
[of SSR] and the pauses in SSR’s turn might have indicated
to PB that SSR is more prone to her request than the literal
message reveals.” It is consistent with the holistic method of
analysis advocated by the researchers [10] to speculate about
the meaning for a bonobo of a human laugh in the context of
the ten-word utterance in which it occurred and for which the
propositional content speculated to be derived by the bonobo
depends on a preposition that expresses a negated relation
(“instead”). We doubt the robustness their suggestion.

The set of arguments presented by [10] are legitimate;
however, it is appropriate to scrutinize the data further, if only
to bolster the case that its conclusion does not incur a type
I error, an inappropriate rejection of the null hypothesis. The
null hypothesis here is that the linguistic alignment behavior
exhibited in the dialog and its context of interactions is non-
purposive, not significantly different from random alignment.
Note that purely mechanical systems, like a functioning system
of dynamos operating in context, will fall into alignment with-
out purposive intervention [22]. Further, not all instances of
human behavioral alignment are about interaction: spectators
at a tennis match will tend to align head movements with the

motion of the ball in play rather than with each other, yet the
outward spectacle is consistent with purposive alignment.

The intent of the present work is to re-examine the same
transcript studied by [10] in order to assess the support that
the transcript alone provides for the argument that the bonobo
repetition behaviors are other than random. The transcript is
taken from the appendix of that work, and treated solely in
the elimination of parenthetical descriptions of scenes and
line numbers associated with a particular typesetting of turns,
using the decisions of the transcriptionist to determine what
amounts to a discrete turn for a speaker (thus, the excerpt
from Fig 1 becomes that in Fig. 2; notice that SSR has
four successive lines of contributions). An indication of which
of the three individuals participating in the interaction is
responsible for any linguistic contribution (“speaker”) is used
to index turns. The facts of synchronization in the behavior of
mechanical systems and humans just mentioned are sufficient
to support a trivial argument that synchronization in the
bonobo-human interaction is non-random. However, it is safe
to understand that the intent of that prior work is to show that
the interaction exhibits more than trivial non-randomness. The
scrutiny provided here is to assess whether non-trivial non-
randomness may be confidently ascribed. The conclusion is
that the transcripts do not support that ascription.

III. METHODS

The dialog analyzed here has already been independently
transcribed [10]. Therefore, one issue of data treatment that
would otherwise be contentious is resolved through indepen-
dent prior transcription of the dialogs: individuation of tokens
within the dialogs that are understood as distinct turns (1).
This is made difficult by overlap. If a contribution of Speaker
A is accompanied by Speaker B interrupting Speaker A in the
middle, it is necessary to decide whether this amounts to one
turn from each of A and B, or whether this is better understood
as two turns from A and one from B. In availing of extant
transcripts, we rely on the transcriptionist’s decisions about
turn individuation and ownership.

We emphasize that we use a method that we have described
and employed before [11]–[15]; for clarity, we restate it. We
use a ‘register’ (3) for each speaker containing the tokens that
comprise their most recent utterance (2).

(1) Ξ is the set of interlocutors (α).
(2) uj = 〈τb, τe, α, σ〉 is the j-th utterance of the transcript:

τs, start-time; τe, end -ime; α, interlocutor; σ, utterance
At uj , αuj = actor(uj); σuj = statement(uj); etc.

(3) Rα, for each α ∈ Ξ, is a register that records the start-
time, stop-time and content of the last contribution of α.

RΞ is the set of registers;
RΞ/α is the set of registers for all interlocutors but α;



PB: CARRY YES
SSR: you want Russ to carry you? instead of the dog.
SSR: Panbanisha i’m going to tell you something
SSR: Russ is going to CARRY the DOG because the DOG is SCARED of
SSR: PANBANISHA the dog is scared of you.

Fig. 2. Initial transcript segment, treated [11]..

(g(n, σ)[i] is the i-th element of g(n, σ)).

For each utterance, a count is made of tokens shared with
immediately preceding turns for each speaker – the speaker’s
own last turn (6) and each interlocutor’s last turn (5), in each
case determined by (4) for the each n of the n−grams. These
are repetition counts. Repetition counts in actual dialogs are
then compared with the average counts obtained from ten
randomized turn re-orderings. Even in randomizations, the
sequence of tokens that comprise original turns remain in the
same order in the re-ordered turns – the randomization is of
the turns orderings, not the internal contents of turns.

(4) κ(n, σ1, σ2) =
∑g(n,σ1)[max]
i=1 (g(n, σ1)[i] ∈ g(n, σ2))

(5)

other-shared(uj ,RΞ, n) =

Ξ/αuj∑
α

κ(n, σuj , σRα)

(6) a. first count with respect to former value for self:

self-shared(uj ,RΞ, n) = κ(n, σuj , σRα
uj )

b. update register for the agent’s own current utterance:

Rαuj := 〈τujs , τ
uj
e , σuj 〉

The random-reordering of the dialogs is effected by re-
indexing the utterances (8).

(7) given u1 . . . umax
a. starttime = τu1

s
b. stoptime = τumaxe
c. maxoverlap = maximum temporal overlap of ui and
RΞ noted at time of shared n-gram computation.

(8) for each ui,
a. τs = rand(0, stoptime)
b. τe = τs + rand(0,maxoverlap)
c. u′i = 〈τs, τe, αui , σui〉

In the re-ordered dialog, as in the actual dialog, we count other-
shared tokens and self-shared n-gram tokens. Here we rely on
n-gram sequences from n = 1 to n = 5; we contrast “reality”
with averages over ten randomizations.

The process outputs a file containing a sequence of turns,
each owned by exactly one speaker and with measures for
each line taken as described above, one line for each level
of n-grams analyzed. Repetition values of n-grams are noted
as counts with respect to the values in the registers for both
SELFSHARED and OTHERSHARED tokens. Thus, in addition
to those counts, we consider the corresponding proportions
SELFSHAREDPROP and OTHERSHAREDPROP.2 In addition to
the count values we also consider ratios that relativize counts

2We abbreviate these as SSPROP and OSPROP.

to the total number of n-grams that could have been shared
between a dialog turn and the immediately preceding turns
stored in registers SSREL and OSREL. See Table I for a
consolidated presentation of the quantities monitored.

TABLE I. QUANTITIES ANALYZED

Variable Interpretation
DIALOGTYPE actual vs. randomized
OTHERSPEAKERS total number of participants, minus one
N length of N−grams (1, 2, 3, 4 or 5)
N ′ N−gram length as a two-level factor (“1” or “2+”)
NBAR N ′

NGRAMS total number of N−grams in a turn
SELFSHARED count of tokens from turn shared with own prior contribution
OTHERSHARED count of tokens from turn shared with prior contribution of other
SSREL SELFSHARED ÷ NGRAMS
OSREL OTHERSHARED ÷ (NGRAMS × OTHERSPEAKERS)
SSPROP SELFSHARED,(NGRAMS-SELFSHARED)
OSPROP OTHERSHARED,((NGRAMS × OTHERSPEAKERS)-OTHERSHARED)

IV. THE PANBANISHA DATA

The 97-contribution transcript of a recording from the ap-
pendix of work by [10] is analyzed. The human participants are
adults, Sue Savage-Rumbaugh (SSR) and a male named Russ.
The bonobo Panbanisha (PB) is the agent whose contributions
to the interaction are under scrutiny. Of the conributions, 74 are
“spoken”, the remainder of the turns are descriptions of actions
that took place. Russ had 5 speaking turns; PB, 13; SSR, 56.
Ten turn-randomizations of this transcript are considered.

First, we profile the repetition with respect to the actual and
randomized data. Overall repetition effects may be viewed in
relation to phrase length. Focusing upon OSREL, the mean of
this value by dialog type and speaker is shown in Table II.
The number of other-shared n-grams relative to the number
that could have been shared, for other-repetition is depicted
in Figure 3. There is less repetition of unigrams in the
actual dialog than the randomized counterparts, but slightly
more repetition of longer sequences in actual dialog than
random. Attending to SSREL, the number of self-shared n-
grams relative to the number that could have been shared,
for self-repetition (Figure 4) and for both sequence length
levels, greater levels of repetition are noted in the actual dialog
than are evident in the randomizations. Focusing upon OSREL,
Figure 5 shows that only Russ had greater levels in actual than
randomized dialog. With respect to SSREL, the mean of this
value by dialog type and speaker is shown in Table III. Figure 6
shows that only Russ had lesser levels in actual dialog than
randomized counterparts.

TABLE II. MEAN OF OSREL BY SPEAKER AND DIALOGTYPE

Speaker
Dialog Type PB: Russ: SSR:
Randomized 0.0007692308 0.006685714 0.005940709
Actual 0.0000000000 0.022857143 0.004666583



TABLE III. MEAN OF SSREL BY SPEAKER AND DIALOGTYPE

Speaker
Dialog Type PB: Russ: SSR:
Randomized 0.02076923 0.017066667 0.02775327
Actual 0.03846154 0.009333333 0.07046652

Our basic questions here relate to whether there is an
interaction between dialog type (actual vs. random), speaker
(Panbanisha, Russ and Sue) and the split between n-grams that
were actually shared and which could have been shared. These
possible interactions, we analyze next.

A. Results

For each speaker, we test the difference between actual and
randomized dialogs for the values of OSREL and SSREL, using
a Wilcox test. The results are shown in Table IV: the relative
other-sharing for Russ approaches significance; relative self-
sharing for SSR is significant; no other values are.

TABLE IV. WILCOX’S W AND p VALUES CORRESPONDING TO THE
TEST OF THE DIFFERENCE BETWEEN ACTUAL AND RANDOM DIALOG IN

MEAN OSREL AND SSREL FOR EACH SPEAKER

OSREL SSREL
Speaker W p W p
PB: 21190 0.657 20700.5 0.3498
Russ: 2826 0.08729 3070.0 0.7306
SSR: 401257 0.1354 334427.5 2.695e-11

Figure 7 and Figure 8 provide the association plots showing
Pearson residuals related to the contingency table of counts of
n-grams that were repeated or could have been repeated but
were not. Positive values correspond to quantities that exceed
the values one would expect in the absence of interactions
among cross-tabulated counts, and negative values result from
quantities that are less than would be expected if there were no
interactions. Pearson residuals with magnitude between 2 and 4
are significant (p < 0.05) and residuals with magnitude greater
than 4 are highly significant (p < 0.001). In the plots, darkness
of shading corresponds to increasing significance. They show
the interaction between the dialog type (actual or random),
speaker and repetition (other-repetition is shown in Figure 7
and self-repetition is depicted in Figure 8). In particular, they
highlight the degree to which cells in the interaction diverge
or not from expectations. None of the three speakers show the
same pattern for other-repetition or self-repetition. Only SSR
provided highly-significant actual self-repetition (in contrast to
random).

B. Discussion

The data provides evidence that a dialog plan may be
ascribed to SSR and that synchrony with the remarks of others
is visible for Russ only. Inspecting the dialog qualitatively
gives us the sense that this is appropriate. If PB wanted to
express anything it was the desire to be carried, and this
persisted. SSR led the conversation, with comment on the
evident desire of PB to be carried and about PB’s relationship
with a dog. Qualitative view of the transcript does not give
us the impression that significant mutual understanding was
exhibited, except, perhaps by Russ.
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V. GENERAL DISCUSSION & CONCLUSION

A reasonable objection to our method is that it is not
natural to consider transcripts only instead of making use of
the underlying recordings. Indeed, we note that others have
productively analyzed interaction in human-human encounters
without recourse to linguistic content of recordings at all [23].
On the other hand, the transcripts themselves are the basis of
analysis in the foundational work that we reconsider here [10]
and constitute the data available to us. While our methods
embody the sort of non-holistic method of analysis argued
against in previous examination of the data [10], comparably
abstract analysis is also conducted within that research team
[24], considering the temporal patterns of sound and silence
during interactions. It is a sound scientific method to analyze
factors in isolation, as has been done here.

The bonobo data as profiled above demonstrates a vast
inbalance in the contributions of the participants, but effects
of repetition that provably transcend randomness only in ways
that do not correspond to engaged dialog among humans.
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We have assumed that sharing one’s own phrases between
successive dialog turns is indicative of maintenance of a
dialog plan, and that sharing other’s phrases is indicative of
engagement. On the basis of these observations, the repetition
data reported by [10] and reanalyzed here do not support the
widest ramifications of non-random behavior.

In fact, a simpler analysis can be conducted to show non-
random behavior by the bonobo, and has been noted [10, p.36]:

An objection to these conclusions could hold that
Panbanisha’s repetitions are rather due to statistical
chance rather than to communicative skills. This is
very improbable both given the number of lexigrams
available on the keyboard and given her knowl-
edge of the referential content of the lexigrams as
demonstrated in previous research. The keyboard has
about 390 lexigrams available and that a lexigram,
or a small number of lexigrams, should come up
repeatedly and systematically as in this conversation
due to chance is unlikely. It is even more im-
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probable that appropriate compounds such as “YES
TELEPHONE” would be chosen as a matter of
chance, and be followed incidentally by a repetition
of “CARRY”. The most likely interpretation is that
Panbanisha uses the lexigrams in active conversa-
tional participation to reach her goal of being carried.

Indeed, if one thinks of the keyboard as a 390-sided die, then
for a side marked “CARRY” to emerge on top in more than
three tosses out of 13 leads to the conclusion that the die is not
fair with 99.5% confidence (Bernoulli schema, p < 0.005).

The deeper analysis above undermines the claim that the
bonobo’s use of lexigrams, particularly repetitions, in the in-
teraction with humans is non-random. The bonobo’s repetition
behaviour in the actual dialog is not significantly different
than in randomized counterparts. On the other hand, it is clear



that the researchers involved in the transcript analyzed here
percieved that mutual understanding was achieved, and it is
clear as well that independent researchers reach the same con-
clusion [10]. Arguably, such perceptions are among the goals
of those who seek to build artificial dialog agents. We do not
doubt that Panbanisha has more general intelligence than every
artificial dialog agent. We also suspect that most commercial
dialog agents, using the analysis we conduct here, would be
deemed to be engaged, such that, if they were not artificial,
we would be willing to ascribe mutual understanding. Among
the challenges of artificial agents is making interactions with
them feel natural rather than artificial [25], such as may happen
when emotions seems genuine in all parties, as suggested in
the transcript analyzed here. We conclude that much can be
learned towards improving the viability of artificial agents from
studying more deeply human-human interactions and human
interactions with intelligent natural agents.

One may see the approach of Sue Savage-Rumbagh as
akin to the program of cognitive infocommunications [1]–
[3] in attempting to increase the cognitive capabilities of
another species by providing it with a capability available
to humans, human language. Our analysis suggests that the
attempt to provide Banbanisha with human language is not
yet measurably successful, even though co-located humans and
independent researchers perceive non-random behaviours.
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