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Member s of the Pirahdtribe use a“ one-two-many”
system of counting. | ask whether speakers of this
innumer ate language can appreciate lar ger

numer osities without the benefit of wordsto encode
them. Thisaddressesthe classic Whor fian question
about whether language can deter mine thought. Results
of numerical tasks with varying cognitive demands
show that numerical cognition isclearly affected by the
lack of a counting system in the language. Perfor mance
with quantities greater than 3 wasremarkably poor,
but showed a constant coefficient of variation, which is
suggestive of an analog estimation process.

Isit possible that there are some concepts that we cannot
entertain because of the language that we speak? At issue
here is the strongest version of Benjamin Lee Whorf’'s
hypothesis that language can determine the nature and
content of thought. The strong version of Whorf’s
hypothesis goes beyond the weaker claim that linguistic
structure simply influences the way that we think about
things in our everyday encounters. For example, recent
studies suggest that language might affect how people
mentally encode spatial relations (1-3), and how they
conceive of the nature of individual objects and their
material substances (4). However, none of these studies
suggest that linguistic structure prevents us from
entertaining the concepts that are available to speakers of
alternative linguistic systems.

The question of whether linguistic determinism existsin
the stronger sense has two parts. Thefirst is whether
languages can be incommensurate: Are there terms that
exist in one language that cannot be translated into another?
The second is whether the lack of such translation
precludes the speakers of one language from entertaining
conceptsthat are encoded by the words or grammar of the
other language. For many years, the answer to both
guestions appeared to be negative. While languages might
have different ways in which situations are habitually
described, it has generally been accepted that there would
always be some way in which one could capture the
equivalent meaning in any other language (5). Of course,
when speaking of translatable concepts, we do not mean
terms like ‘molecule’ or ‘quark’, which would not exist in a

culture without advanced scientific institutions. Failure to
know what molecules or quarks are does not signal an
inability to understand the English language — surely people
were still speaking English before such terms were
introduced. On the other hand, one would question
someone' s command of English if they did not understand
the basic vocabulary and grammar.

Words that indicate numerical quantities are clearly
among the basic vocabulary of alanguage like English. But
not all languages contain fully elaborated counting systems.
Although no language has been recorded that completely
lacks number words, there is a considerabl e range of
counting systems that exists across cultures. Some cultures
use a finite number of body partsto count 20 or 30 body
tags (6). Many cultures use particular body partslike
fingers as arecursive base for the count system asin our
10-based system. Finally, there are cultures that base their
counting systems on asmall -number somewhere between 2
and 4. Sometimes, the use of a small-number baseis
recursive and potentially infinite. For example, it is claimed
that the Gumulgal South Sea lslanders counted with a
recursive binary system: 1, 2,2'1, 2°2, 2'2'1 and so on (6).

The counting system that differs perhaps most from our
own isthe“one-two-many” system, where quantities
beyond two are not counted but are simply referred to as
‘many’. If acultureislimited to such a counting system, is
it possible for them to perceive or conceptualize quantities
beyond the limited sets picked out by the counting
seguence, or to make what we consider to be quite trivial
distinctions such asthat between 4 versus 5 objects? The
Pirahad are such a culture. They live along the banks of the
Maici River in the Lowland Amazoniaregion of Brazil.
They maintain very much of a hunter-gatherer existence
and reject assimilation into mainstreamBrazilian culture.
Almost completely monolingual in their own language,
they have a population of less than 200 living in small
villages of 10 to 20 people. They have only limited
exchanges with outsiders, using primitive pidgin systems
for communicating in trading goods without monetary
exchange and without the use of Portuguese count words.
The Piraha counting system consists of the words: ‘ héi’
(falling tone = ‘one’) and ‘hoi’ (rising tone = ‘twao’). Larger
quantities are designated as ‘baagi’ or ‘aibai’ (= ‘many’).
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| was able to take three field trips ranging from one
week to two months living with the Piraha along with Dr.
Daniel Everett and Keren Everett, two linguists who have
lived and worked with the tribe for over 20 years and are
completely familiar with their language and cultural
practices. Observations were informed by their background
of continuous and extensive immersion in the Pirah&
culture. During my visits, | became interested in the
counting system of the Pirahathat | had heard about and
wanted to examine whether they really did have only two
numbers, and how thiswould affect their ability to perceive
numerosities that extended beyond the limited count
seguence.

Year 1: Initial observations. On my first week-long trip
to the two most up-river Maici villages, | began with
informal observations of the Pirah& use of the number
words for one and two. | was also interested in the
possibility that the one-two-many system might actually be
arecursive base-2 system, that their limited number words
might be supplemented by more extensive finger counting,
or that there might be taboos associated with counting
certain kinds of objects as suggested by Zaslavsky in her
studies of African counting systems (7, 8). Keren Everett
developed some simpletasksto seeif our two Piraha
informants could refer to numerosities of arrays of objects
using Pirahdterms and any finger counting system they
might have. Instructions and interactions with participants
werein the Pirahd language. When it was necessary to refer
to the numerosity of an array, Keren Everett used the
Portuguese number words embedded in Piraha dial ogue.
Such terms are understood by the Pirahato be the language
of Brazilians, but their meaning is not understood. In
addition to this short session, during the first year trip, |
continuously took opportunities to probe for counting
abilitiesin everyday situations.

The outcome of these informal studies revealed the
following: 1) There was no recursive use of the count
system — the Piraha never used the count words in
combinationslike ‘ héi-hoi’ to designate larger quantities,
2) Fingers were used to supplement oral enumeration, but
this was highly inaccurate even for small numbersless than
five. In addition, ‘héi’, and ‘hoi’, the words for ‘one’ and
‘two’, were not always used to denote those quantities.
While the word for ‘two’ always denoted a larger quantity
than the word for ‘one’ (when used in the same context),
the word for “one” was sometimes used to denote just a
small quantity such as 2 or 3 or sometimes more. An
example of the use of counting words and finger counting
aregivenin Table 1 in one of the informal sessionswith an
informant who appeared to be in his 50s. Videotaped
extracts from the session are included in the supporting
online materials (movie S1).

The interpretation of these observationsislimited by
their informal nature and small sample size. However, the
observations are supplemented with 20 years of observation
by the Everetts astrained linguistsin their analysis of the
Piraha language. One particularly interesting finding is that
‘héi’ appearsto designate ‘roughly one’ —or a small
quantity whose prototypeis one. Most of thetime, in
enumeration task, ‘héi’ referred to one, but not always. An
analogy might be when we ask for “a couple of Xs” in
English, where the prototypical quantity istwo, but we are
not upset if we are given three or four objects. However,
we surely would be upset if given only one object since the
designation of asingle object has a privileged statusin our
language. Thereisno concept of “roughly one” in atrue
integer system. Even theinformal use of the indefinite
article: “a X" strictly requires asingular reference. In
Pirah&, ‘héi’ can also mean “small”, which contrasts with
‘ogii’ (= big), suggesting that the distinction between
discrete and continuous quantification is quite fuzzy in the
Pirahalanguage.

Y ear 2: Experiments in nonverbal numerical reasoning.
On my second visit to the Pirah& villages for a two month
period, | developed amore systematic set of procedures for
evaluating the numerical competence of members of the
tribe. The experiments were designed to employ some
combination of cognitive skills such as the need for
memory, speed of encoding, and mental-spatial
transformations. Thiswould reveal the extent to which such
task demands interact with numerical ability, such asit is.
Details of the methods are available on Science Online (9).
There were seven participants, who included all six adult
males from two villages and one female. Most of the data
were collected on four of the men who were consistently
available for participation. The tasks were devised to use
objects that were available and familiar to the participants
(sticks, nuts, batteries). The results of the tasks, along with
schematic diagrams, are presented in Figure 1. These are
roughly ordered in terms of increasing cognitive demand.
Any estimation of aperson’s numerical competence will
always be confounded with performance factors of the task.
Sincethisis unavoidable, it makes sense to explore how
performanceis affected by arange of increasingly
demanding tasks.

In the matching tasks (A, B, C, D, F), | sat across from
the participant and with a stick dividing my side from
theirs, | presented an array of objects on my side of the
stick (below the line in the figures) and they responded by
placing alinear array of AA batteries (5cm x 1.4cm) on
their side of the table (above the line). The matching task
provides akind of concrete substitute for counting. It shares
the element of placing tokensin one-to-one correspondence
with individuals in ato-be-counted group. The first
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matching tasks began with simple linear arrays of batteries.
This progressed to clusters of nuts matched to the battery
line, orthogonal matching of battery lines, matching of
battery lines that were unevenly spaced, and copying lines
on adrawing. In al of these matching experiments,
participants responded with relatively good accuracy with
up to 2 or 3 items, but performance deteriorated
considerably beyond that up to 8 to 10 items. In the first
simple linear matching task A, performance hovered
around 75% up to the largest quantities. Matching tasks
with greater cognitive demands required mental
transposition of the sample array to the match array without
benefit of tagging for numerical quantity. Performance
dropped precipitously to 0% for the larger target set sizesin
these tasks. One exception was task D with unevenly
spaced objects. Although this was designed to be a difficult
task, participants showed an anomal ous superiority for
large numerosities over small. Performance initially
deteriorated with increased set size up to 6 items, then shot
up to near perfect performance for set size 7 through 10. A
likely interpretation of this result was that the uneven
spacing for larger set sizes promoted recoding of arrays
into smaller configurations of 2 or 3 items. This allowed
participants to use a chunking strategy of treating each of
the subgroups as a matching group.

When time constraints were introduced in task F
(exposing the array for only one second), performance was
drastically affected and there was a clear correlation
between set size and accuracy beginning at set size 3. A
Line-drawing task (E) was highly affected by set size,
being one of the worst performances of all. Not only do the
Piraha not count, but they also do not draw. Producing
simple straight lines was accomplished only with great
effort and concentration, accompanied by heavy sighs and
groans. The final two tasks (G, H) required participants to
keep track of anumerical quantity through visual
displacement. In one case, they were first allowed to
inspect an array of nuts for about 8 seconds. The nuts were
placed in acan, and then withdrawn one at atime.
Participants were required to say, after each withdrawal, if
there were still any nutsleft in the can, or if it was empty.
Performance was predictably strongly affected by set size
from the very smallest quantities. The final task involved
hiding candy in a box, which had a picture of some number
of fish on thelid. The box was then hidden behind the
author’ s back, and two cases were reveal ed, the original
with the candy, and another with one more or one less fish
onthelid. For quite small comparisons such as 3 versus 4,
performance rarely went over 50% chance responding.

Thereisagrowing consensusin the field of numerical
cognition that primitive numerical abilities are of two
kinds: First, there isthe ability to enumerate accurately

small quantities up to about 3 items, with only minimal
processing requirements (10-16). | originally termed this
ability “parallel individuation” (17, 18), referring to how
many items one can encode as discrete unique individuals
at the same time in memory. Without overt counting,
humans and other animal s possess an analog procedure
whereby numerical quantities can be estimated with a
limited degree of accuracy (11, 19-26). Many researchers
believe that large-number estimation, although based on
individuated elements, is coal esced into a continuous
analog format for mental representation. For example, the
discrete elements of alarge number array might be
represented as a continuous length of aline, where alonger
line inexactly represents alarger numerosity.

When people employ this analog estimation procedure,
the variability of their estimates tends to increase as the
target set sizeincreases. Theratio of average error to target
set size isknown as Weber’ s fraction and can be indexed
by a measure known as the coefficient of variation--the
standard deviation of the estimates divided by set size (23).
Although performance by the Pirah& on the present tasks
was quite poor for set sizes above 2 or 3, it was not
random. Figure 2 shows the mean response val ues mapped
against the target values for all participantsin the simple
matching tasks A, B, C, and F. The top graph shows that
mean responses and target values are almost identical. This
means that the Piraha participants were actually trying very
hard to get the answers correct, and they clearly understood
the tasks. The lower graph in Figure 2 shows that the
standard deviation of the estimates increases in proportion
to the set size, resulting in a constant coefficient of
variation of about 1.5 after set size 3, as predicted by the
dual model of mental enumeration. This value for the
coefficient of variation is about the same asonefindsin
college students engaged in numerical estimation tasks
(23). Datafor individual tasks and individual participants
were consistent with the averaged trends Figure 2. Graphs
are available in supporting online materials.

The results of these studies show that the Pirah& s
impoverished counting system truly limits their ability to
enumerate exact quantities when set sizes exceed two or
threeitems. For tasks that required additional cognitive
processing, performance deteriorated even on set sizes
smaller than 3. Participants showed evidence of employing
anal og magnitude estimation and, in some cases, they took
advantage of spatial chunking to decrease the cognitive
demands of larger set sizes. This split between exact
enumeration ability for set size smaller than 3 and analog
estimation for larger set sizes parallels findings from
laboratory experiments with adults who are prevented from
explicit counting, studies of numerical abilitiesin
prelinguistic infants, monkeys, birds, and rodents, and in
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recent studies employing brain imaging techniques (11, 23—
30).

The anal og estimation abilities exhibited by the Pirah&
are akind of numerical competence that appearsto be
immune to numerical language deprivation. But since lower
animals also exhibit such abilities, robustnessin the
absence of language is already established. The present
experiments allow usto ask whether humans who are not
exposed to anumber system can represent exact quantities
for mediumsized sets of 4 or 5. The answer appears to be
negative. The Pirahd inherit just the abilities to exactly
enumerate small sets of less than 3 itemsif processing
factors are not unduly taxing (31).

In evaluating the case for linguistic determinism, |
suggest that the Piraha language is incommensurate with
languages that have counting systems that enable exact
enumeration. Of particular interest is the fact that the Piraha
have no privileged name for the singular quantity. Instead,
‘héi’ meant “roughly one” or “small”, which precludes any
precise translation of exact numerical terms. The present
study represents arare and perhaps unique case for strong
linguistic determinism. The study also provides awindow
into how the possibly innate distinction (26) between
quantifying small versus large sets of objectsisrelatively
unelaborated in alife without number words to capture
those exact magnitudes (32).
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Fig. 1. Results of number tasks with Pirah&villagers (n=7).
Rectangles indicate (5cm x 1.4cm) AA batteries, and
circlesindicate ground nuts. Center line indicates a stick
between the author’ s example array (below the line) and
the participant’s attempt to “make it the same” (above the
line). Tasks A through D required the participant to match
the lower array presented by the author using aline of
batteries; E was similar, but using the unfamiliar task of
copying lines drawn on paper; F was a matching task where
the participant only saw the numerical display for about
one second before it was hidden behind a screen; G
involved putting nuts into a can and withdrawing them one
by one; (participants responded after each withdrawal asto
whether the can still contained nuts or was empty.) H
involved placing candy inside a box with a number of fish
drawn on the lid; (this was then hidden and brought out
again with another box with one more or one less fish on
thelid and participants had to choose which box contained
the candy.)

Fig. 2. Mean Accuracy of Reponsesin Matching Tasks and
Coefficient of Variation. Figures for individual tasks and
individual participants are available in the supporting
online materials.
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Table 1. Use of fingers and number words by Piraha

participant.
No. of Number word No. of Fingers
Objects used
1 hoi (= 1)
2 hoi (= 2) 2
albaagi (= many)
3 hoi (= 2) 3
4 hoi (= 2) 5® 3
aibai (= many)
5 abaagi (= many) 5
6 abaagi (=many) |[6® 7
7 hoi (= 1)* 1
abaagi (=many) |[5® 8
8 5® 8® 10
9 abaagi (=many) |[5® 10
10 5

® indicates a shift from one quantity to the next
* thisuse of “one” might have been areference to
adding one rather than to the whole set of objects.
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