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Does speaking a language without number words change the way speakers of that lan-
guage perceive exact quantities? The Pirahd are an Amazonian tribe who have been previ-
ously studied for their limited numerical system [Gordon, P. (2004). Numerical cognition
without words: Evidence from Amazonia. Science 306, 496-499]. We show that the Piraha
have no linguistic method whatsoever for expressing exact quantity, not even “one.”
Despite this lack, when retested on the matching tasks used by Gordon, Pirahd speakers

f;ﬁ Wlf:d:" and thought were able to perform exact matches with large numbers of objects perfectly but, as previ-
Nurib e% & ously reported, they were inaccurate on matching tasks involving memory. These results

suggest that language for exact number is a cultural invention rather than a linguistic uni-
versal, and that number words do not change our underlying representations of number
but instead are a cognitive technology for keeping track of the cardinality of large sets
across time, space, and changes in modality.
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1. Introduction

How does language shape our understanding of num-
ber? Animals and pre-linguistic infants are able to discrim-
inate large quantities approximately (Dehaene, 1997,
Gallistel, 1990; Lipton & Spelke, 2003; Xu & Spelke, 2000)
and show some understanding of exact operations with
small quantities (Hauser & Carey, 2003; Wynn, 1992). How-
ever, human adults routinely manipulate exact numbers in
ways that are beyond the reach of other animals even after
large amounts of training (Matsuzawa, 1985; Pepperberg &
Gordon, 2005). The single most important difference be-
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tween the numerical cognition of humans and that of other
animals is our reliance on linguistic representations of
quantity - number words - to act as symbolic placeholders
in complicated operations. In fact, many theorists have
hypothesized that linguistic symbols play a causal role in
the acquisition of exact numerical competence, allowing
children to extend their abilities to reason about small
numbers of objects to larger quantities (Carey, 1998; Deh-
aene, Spelke, Pinel, Stanescu, & Tsivkin, 1999).

Strong support for the view that language is involved in
the acquisition of numerical competence comes from
indigenous groups with limited number vocabulary in
their languages. The cognition of these groups shows the
hallmarks of approximate rather than exact numerical
competence (Gordon, 2004; Pica, Lemer, Izard, & Dehaene,
2004). For example, recent work with the Pirahd people of
Brazil (a monolingual hunter-gatherer tribe living in the
Amazon rainforest) has demonstrated that the Pirahd have
at best a limited inventory of words relating to number
(Everett, 2005; Gordon, 2004). In addition, the Piraha lan-
guage is reported not to have singular-plural morphology,
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meaning that there is no morphological route for repre-
senting the distinction between “one” and “many” in Pir-
ahd (Everett, 2005). Gordon additionally found that
across a variety of different tasks requiring judgments of
quantity the Pirahd produced errors which grew larger sys-
tematically as quantities increased, indicating that they
were probably using a strategy of approximate magnitude
estimation, rather than representing numbers exactly. One
particular result was especially surprising: The Piraha
made errors on a simple one-to-one matching task. In the
other matching tasks, the Pirahd might have understood
what was required but been unable to perform the tasks
accurately; this conclusion would lead to the inference that
number vocabulary is necessary for remembering large
numbers accurately. However, given its lack of auxiliary
cognitive demands, the failures of the Piraha in the one-
to-one matching task also suggested a potentially deeper,
strong Whorfian claim: That without number words, hu-
man beings represent only approximate quantities, and
that only by learning number words can humans create
the concept of exact quantity: The idea that adding or sub-
tracting even a single individual from a set will change the
quantity of that set.

Here we investigate these two claims: The weaker
claim, that language for number allows accurate memory
for — and hence operations over - sets with exact cardi-
nalities; and the stronger claim, that language for num-
ber creates the concept of exact quantity (Gelman &
Gallistel, 2004; Gordon, 2004). Building on the work of
Gordon (2004), we investigate both the number language
(Experiment 1) and numerical abilities (Experiment 2) of
the Piraha. Consistent with previous reports, we find that
the Pirahd truly have no linguistic method of expressing
any exact quantity, even “one.” However, despite this
lack, they are able to perform exact matching tasks with
large numbers of objects when these tasks do not require
memory. These results militate against the strong Whorf-
ian claim that learning number words creates the con-
cept of exact quantity. Instead, they suggest a view of
number words as a cognitive technology, a tool for creat-
ing mental representations of the exact cardinalities of
sets, representations that can be remembered and com-
municated accurately across time, space, and changes
in modality.

2. Experiment 1: Numeral elicitation

Gordon (2004) described the Pirahd language as having
a numerical vocabulary corresponding to the terms “one”
(hoi), “two” (hoi), and “many” (baagiso, though he reports
the variant aibaagi). He also noted that these terms do
not have exact meanings, thus h6i may mean “roughly one”
or “small.” Everett has suggested, however, that there are
no numerals in the language whatsoever and that these
words instead indicate “small size or amount,” “somewhat
larger size or amount,” and “cause to come together/many”
(Everett, 2005). To test these claims and establish whether
Pirahd contains any absolute number terms, we simply
asked Piraha speakers to describe varying quantities of ob-
jects (roughly following the design in Pica et al., 2004).

2.1. Participants and methods

Six adult Piraha speakers participated in the increasing
elicitation condition and four participated in the decreas-
ing elicitation condition. To elicit descriptions of quantities
in the Pirahd language, we presented sets of spools of
thread to our participants. In the increasing elicitation con-
dition, we started with one spool and added spools one by
one until there were 10 spools of thread. For each quantity,
we asked the question “how much/many is this?” (trans-
lated into Pirahd by D.E.). In the decreasing elicitation con-
dition, we started with 10 spools and took spools away one
by one until there was only one spool remaining. The
experiment was run with participants that had completed
the matching tasks in Experiment 2 immediately before-
hand, thus the participants were aware that we were par-
ticularly interested in the size of sets.

2.2. Results and discussion

On every trial, participants produced one of the three
words hoi, hoi, and badgiso. The proportion of each word
produced for each number in the two conditions is shown
in Fig. 1. In the increasing elicitation, hdi was universally
used to describe one object, hoi was used to describe two
or more objects, and badgiso was used to describe quanti-
ties of three or more. These data were consistent with
meanings of “one,” “roughly two,” and “many” for the
three words. However, in the decreasing elicitation, hoi
was used to refer to quantities as large as six, hoi was used
for quantities between 4 and 10, and badgiso was used for
quantities between 7 and 10. Across the two tasks, none of
the three words that the Pirahd produced were used con-
sistently to refer to any particular quantity across the
two tasks. Because each of the three words was used for
a dramatically different range of values in the ascending
and the descending elicitations, these words are much
more likely to be relative or comparative terms like “few”
or “fewer” than absolute terms like “one” or even proto-
numbers (numerals with approximate quantities, like
“roughly one,” as suggested in Gordon, 2004). A proto-
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Fig. 1. Proportion of Pirahd speakers using each of the three proposed
quantity words in Piraha. Sets with different quantities were presented in
increasing order and participants were asked to describe their quantity.
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number referring to a fixed but approximate quantity
should not change in its range of application across differ-
ent contexts, and intuitively the translation “roughly one”
seems misleading for a word that can be used to refer to up
to six objects.

Are there other words or morphemes indicating exact
number in Pirahd? We give two arguments against this
possibility. First, no other numerals have been reported
by Everett, Gordon, Keren Madora, Steve Sheldon, or Arlo
Heinrichs, researchers that have collectively been working
with the Piraha for more than 50 years. Second, no other
words or morphological markers were produced with any
consistency in our experiment, meaning that if there were
a word or morpheme for “exactly one” in Pirahd it was not
elicited in nine independent viewings of a single object (in
the case of a single word or morpheme that we failed to
recognize). Thus if such a word or morpheme exists it is
at best extremely low frequency and rarely used in discus-
sions of quantity. While we cannot rule out this possibility,
it appears unlikely.

Whereas many languages have only a limited vocabu-
lary of number words (Menninger, 1969), we do not know
of any other language in which this type of elicitation has
been performed. Thus, to our knowledge Piraha is the first
case in which a language has been documented as lacking
any linguistic device for expressing the quantity “one.”
However, assessing how rare this property is will require
experiments like the elicitation we performed to be carried
out with a substantial sample of the many other languages
with restricted numeral systems.

3. Experiment 2: Matching tasks

In order to assess the numerical cognition of the Pirahg,
we performed a series of matching tasks similar to those
used by Gordon (2004). Our intent was to make a system-
atic test of Pirahd speakers’ abilities in exact numerical
tasks with varying perceptual and memory demands. In
his studies, Gordon found a decrease in performance as
quantities increased across a wide variety of tasks. These
results were consistent with the use of an analog magni-
tude estimation strategy in every task, suggesting that
the Pirahd might have fundamentally different representa-
tions of large numbers than speakers of languages with a
recursive count list. In addition, the results implied that
the Pirahd did not appreciate the difference between two
large numbers of approximately but not exactly equal
quantities (e.g., 7 and 8) and hence might lack even the no-
tion of exact quantity. Although Gordon’s results were sug-
gestive in this direction, they were conducted with a small
sample of participants (only four individuals, all male, pro-
vided data for many of the experiments), without a trans-
lator, and with varying procedures between experiments.
Thus, we attempted to replicate his results with a larger
sample and a more systematic procedure.

3.1. Participants and methods

Fourteen adult Pirahd speakers (seven men and seven
women, the majority of the adult population of one village)

participated in the hidden, uneven, orthogonal, and one-to-
one matching tasks and nine of those individuals partici-
pated in the nuts-in-a-can task. The materials for the tasks
- spools of thread and uninflated rubber balloons - were
chosen both because the Piraha were already familiar with
them and because they were small and easy to manipulate.
All participants performed five tasks (except for five partic-
ipants who did not perform the “nuts-in-a-can” task), in the
following order: A one-to-one match task, an uneven match
task, an orthogonal match task, a hidden match task, and a
“nuts-in-a-can” task. In each trial of each task, the experi-
menter presented some quantity of spools and then asked
the participant to put out the same quantity of balloons in
aline. This continuity of response across all five tasks (which
were always performed during a single experimental ses-
sion lasting not more than 30 min) ensured that failure in
the more difficult tasks was not due to changes of response
format. In the one-to-one task, the experimenter placed an
evenly-spaced line of spools on the table and the participant
was asked to put out a matching line of balloons. In the un-
even-match task, the experimenter grouped the spools into
irregular sets of two, three, or four spools within the line. In
the orthogonal match task, the experimenter placed an
evenly-spaced line of spools on the table stretching away
from the participant, orthogonal to the matching line of bal-
loons. In the hidden match task, the experimenter placed the
spools in a line and then concealed them behind an opaque
folder. Finally, in the nuts-in-a-can task, the experimenter
dropped the spools one by one into an opaque cup into
which the participant could not see.

In order to make sure that the Pirahd participants
understood our tasks, we first modeled each task for each
participant (with the exception of the uneven match tasks,
which was judged to be very similar to the one-to-one
match task), with one experimenter (E.G.) testing a second
experimenter (M.C.F.) on the quantities two and three. In
modeling the one-to-one and uneven matching tasks, bal-
loons were placed immediately in front of the spools of
thread (suggesting direct correspondence). We then asked
the participant to respond on the quantities two and three,
repeating each trial with correction in the case of any er-
rors. Although these trials were not explicitly labeled as
training trials, in cases of confusion or error they helped
to clarify the requirements of the task. These two measures
together helped to ensure that the Pirahd did not perform
poorly due to misunderstandings. No participants made
any errors on the training trials for one-to-one match task;
five participants each made a single error on the hidden
match task and one other participant required multiple
corrections; two participants each made a single error on
the orthogonal matching task; and two participants each
made multiple errors on the nuts-in-a-can task.

3.2. Results and discussion

The performance of Pirahd participantsis plotted in Fig. 2.
Consistent with the results reported by Gordon (2004), per-
formance on the orthogonal match, hidden match and
“nuts-in-a-can” tasks decreased as quantity increased. For
quantities of four and above, the standard deviation ap-
peared constant relative to the quantity being estimated,
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Fig. 2. Performance and coefficient of variation plotted by task. The left-
hand axes plot quantity of spools provided by the experimenter on the X-
axis and quantity of balloons matched to the spools by Piraha participants
on the Y-axis. Correct responses are marked with a dot, while incorrect
responses are marked with an x. Multiple correct responses at a given
quantity are staggered. The right-hand axes plot the coefficient of
variation at each quantity.

congruent with Weber’s law (a signature of analog magni-
tude estimation, see e.g., Whalen, Gallistel, & Gelman,
1999). The mean coefficient of variation (standard devia-
tion/mean) was 0.16 for the orthogonal match, 0.15 for the
hidden match task and 0.21 for the “nuts-in-a-can” task
(plotted for each quantity on the right-hand axis of each
graph); these figures are highly comparable to the aggregate
coefficient of variation of 0.15 for quantities of 4 and above
reported by Gordon (2004).

However, performance on the one-to-one matching task
was nearly perfect, and performance on the uneven match
task was close to ceiling as well. Of 14 participants, only a
single participant made any errors on the one-to-one match-
ing task (a total of 54 of 56 trials were performed correctly);
we observed 6 errors total in the uneven match task (50 of 56
trials correct, with 10 of 14 participants making no errors).
Thus, performance as measured by participants’ percent
correct responses in the uneven match was lower than per-
formance in the one-to-one match, but not significantly so
(paired t(13)=1.30, p=.21).! In contrast, participants’ per-

1 Because t-tests may not be appropriate for means over categorical data
(since they are not normally distributed), we also give the results of
Wilcoxon signed rank tests (a non-parametric test equivalent to a paired t-
test) which in all cases confirmed the results of the parametric tests. For
this comparison, p = 0.38.

formance on the one-to-one match differed significantly from
performance in the orthogonal match (24/56 trials correct,
t(13)=5.95, p<.001).2 hidden match (24/56 trials correct,
t(13)=6.51, p <.001),® and “nuts-in-a-can” (12/36 trials cor-
rect, t(8) = 9.71, p <.001)* tasks. The orthogonal match, hid-
den match, and “nuts-in-a-can” tasks did not differ
significantly from one another (all values of t less than .40,
with all values of p >.70).> Results were comparable in their
level of significance when these analyses were performed
across items rather than participants.

While our results on the more difficult of the two tasks
largely replicate those of Gordon (2004), the performance
of our participants in the one-to-one and uneven matching
tasks were qualitatively different; however, we suspect
that theoretically unimportant aspects of the testing mate-
rials and environment may have caused the differences in
performance (P. Gordon, personal communication). In par-
ticular, Gordon'’s participants were tested with AA batter-
ies on an uneven surface, which may have led the objects
to move around inadvertently within a trial. In contrast,
our tests were conducted with spools of thread (placed
on their flat side) and balloons on a flat table in an enclosed
hut. The objects did not move within a trial unless the par-
ticipants moved them and there were no outside distrac-
tions. Furthermore, although it is possible that the
presence of training trials may have contributed to the lack
of errors in this task, it seems unlikely that the errors Gor-
don observed were due to a lack of such training trials. In
particular, as Gordon argued, the errors he observed in
the one-to-one and uneven matching tasks increased with
the quantity of the set (indicating a source of error in
matches, like rolling batteries) rather than appearing ran-
domly (indicating a subset of participants who simply
did not understand the task). Thus, we find it more likely
that it was the circumstances of testing, rather than partic-
ipants’ understanding of the tasks, that contributed to the
differences between our results and those of Gordon
(2004).

More generally, we suggest that the pattern of perfor-
mance on the three tasks we conducted roughly reflects
the demands of each task. The one-to-one and uneven
matching tasks require no memory for the exact cardinal-
ity of a set (whatever it may be), only an understanding
that the set has an exact quantity and thus that one item
more or less than the quantity of the set to be matched is
not a correct response. The perfect or near-perfect perfor-
mance of the Piraha in these tasks indicates that they were
able to appreciate the necessity of matching the quantity of
objects exactly rather than approximately. In contrast, the
orthogonal match, the hidden match, and the “nuts-in-a-
can” task all required not only understanding that an exact
match was necessary, but also transferring information
about the cardinality of sets across time and space using
an exact rather than approximate representation. Though
the transfer across space in the orthogonal match task -
a task in which participants showed highly similar perfor-

2 Nonparametric p < 0.001.

3 Nonparametric p < 0.001.
4 Nonparametric p = 0.004.
Nonparametric p values all >.70.
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mance to the hidden match and “nuts-in-a-can” tasks -
may seem trivial to numerically-sophisticated, it also re-
quires a strategy either for maintaining the exact corre-
spondence of objects (via the use of eye-movements or
fingers as placeholders to compare items one by one) or
for representing the cardinality of the set to be matched
(via the use of verbal representations). Because the Piraha
had no linguistic tools for verbal encoding and no practice
in using non-verbal strategies, they were unable to per-
form these tasks, leading to errors of increasing magnitude
and frequency with increases in the cardinality of the set to
be remembered.

4. Discussion

A total lack of exact quantity language did not prevent
the Piraha from accurately performing a task which relied
on the exact numerical equivalence of large sets. This evi-
dence argues against the strong Whorfian claim that lan-
guage for number creates the concept of exact quantity
(and correspondingly, that without language for number,
any task requiring an exact match would be impossible).
Instead, the case of Pirahd suggests that languages that
can express large, exact cardinalities have a more modest
effect on the cognition of their speakers: They allow the
speakers to remember and compare information about car-
dinalities accurately across space, time, and changes in
modality. Visual and auditory short-term memory are
highly limited in their capacity and temporal extent
(Baddeley, 1987). However, the use of a discrete, symbolic
encoding to represent complex and noisy perceptual stim-
uli allows speakers to remember or align quantity informa-
tion with much higher accuracy than they can by using
their sensory short-term memory. Thus, numbers may be
better thought of as an invention: A cognitive technology
for representing, storing, and manipulating the exact cardi-
nalities of sets.

Do the Pirahd then possess mental representations of
the cardinalities of large sets? We do not believe that our
experiments show evidence supporting this hypothesis.
Success in the one-to-one and uneven match tasks requires
participants to understand that the addition or subtraction
of exactly one object makes a match incorrect, even for
large quantities. Thus, the Pirahd understand the concept
of one (in spite of having no word for the concept). Addi-
tionally, they appear to understand that adding or sub-
tracting one from a set will change the quantity of that
set, though the generality of this knowledge is difficult to
assess without the ability to label sets of arbitrary cardinal-
ity using number words. However, the one-to-one match-
ing task itself can be completed via a simple algorithm,
“put one balloon down next to one spool.” At no point dur-
ing the task must participants represent the cardinality of
the entire set. They need only to understand that, in the
application of this algorithm it is exactly one balloon that
must be matched to exactly one spool. Thus, our experi-
ments support the hypothesis that the concept of exact
quantity is not created by language, while suggesting that
the ability to remember the cardinalities of large sets is en-
abled by learning number words.

Where does this leave the Whorf hypothesis, the claim
that speakers of different languages see the world in radi-
cally different ways? Our results do not support the stron-
gest Whorfian claim. However, they are consistent with
several recent results in the domains of color (Gilbert, Re-
gier, Kay, & Ivry, 2006; Uchikawa & Shinoda, 1996; Wina-
wer et al, 2007) and navigation (Hermer-Vazquez,
Spelke, & Katsnelson, 1999). In each of these domains, lan-
guage appears to add a second, preferred route for encod-
ing and processing information. In the case of color,
language enables faster performance in search, better dis-
crimination, and better memory when target colors can
be distinguished from distractors by a term in the partici-
pant’s language. However, verbal interference - which pre-
sumably blocks access to linguistic routes for encoding -
eliminates this gain in performance, suggesting that the
underlying perceptual representations remain unmodified.
Likewise in the case of navigation: The use of particular lin-
guistic devices allows (though does not require, see e.g., Li
& Gleitman, 2002) efficient compressive navigational strat-
egies. But again, under verbal interference these strategies
are not accessible and participants navigate using strate-
gies available to infants and non-human animals.

In both of these domains, as well as in our work on
number, language plays a fundamentally compressive
role, allowing the efficient encoding of information about
quantity, color, and spatial orientation. However, in cases
where the appropriate code is suppressed or not useful,
speakers perform in the same way as speakers of lan-
guages that do not even possess the relevant vocabulary.
The color, number, and navigational vocabularies of dif-
ferent languages thus do not seem to alter the underly-
ing cognitive or perceptual processes of speakers of
those languages directly. Instead, like other technologies
such as alphabetic writing (O’Connor, 1996), languages
give their users a new route for the efficient encoding
of experience.
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