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Although spatial language and spatial cognition covary over de-
velopment and across languages, determining the causal direction
of this relationship presents a challenge. Herewe show thatmature
human spatial cognition depends on the acquisition of speci!c
aspects of spatial language. We tested two cohorts of deaf signers
who acquired an emerging sign language in Nicaragua at the same
age but during different time periods: the !rst cohort of signers
acquired the language in its infancy, and10y later the second cohort
of signers acquired the language in amore complex form.We found
that the second-cohort signers, now in their 20s, used more con-
sistent spatial language than the !rst-cohort signers, now in their
30s. Correspondingly, they outperformed the !rst cohort in spa-
tially guided searches, both when they were disoriented and when
an array was rotated. Consistent linguistic marking of left–right
relations correlated with search performance under disorientation,
whereas consistent marking of ground information correlatedwith
search in rotated arrays. Human spatial cognition therefore is mod-
ulated by the acquisition of a rich language.
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The cognitive capacity to represent space is crucial for basic sur-
vival and underpins a host of human achievements, from tech-

nology to science to mathematics. Although many elements of
spatial cognition are shared between humans and nonhuman spe-
cies, some aspects of human spatial cognition have been argued to
depend on language (1–5). This claim, however, continues to be
debated (6, 7). A community of individuals in Nicaragua de-
veloping a new sign language allows us to test for effects of
language on spatial cognition, to ask whether such effects per-
sist into adulthood, and to examine whether nonlinguistic ex-
perience can overcome language limitations.
Studies of the relationship between language and cognition

have taken one of two approaches. The developmental approach
assesses spatial cognition in young children before they have ac-
quired the relevant spatial language (2). The cross-linguistic ap-
proach compares the spatial cognitive abilities of speakers of
different languages, including languages that encode spatial re-
lations in different ways (4, 3, 8). Although the cumulative evi-
dence suggests some relationship between language and spatial
cognition, !ndings from both approaches are open to alterna-
tive interpretations. In developmental studies, immature cognitive
skills typically are accompanied by less developed language skills
and so either language or cognitive development could explain
improvements in spatial abilities. Cross-linguistic studies face
another confound: speakers of different languages often differ in
other crucial ways, such as in their experience with maps, long-
distance travel, and contact with nature. Therefore, any observed
variation in spatial abilities might be the consequence of cultural
rather than linguistic differences (6). For these reasons, the role of
language in spatial cognition remains controversial (5–9).
The language and spatial abilities of deaf users of Nicaraguan

Sign Language (NSL) provide a test case for theories about spatial
language and cognition by allowing us to disentangle language
abilities from cognitivematuration and cultural practices. NSL!rst

appeared in the 1970s among a cohort of deaf children entering
special education schools, and is now used by approximately 1,000
signers (10, 11). The !rst cohort of children, those of the 1970s
and early 1980s, developed an early form of the language, which
was expanded by a second cohort of children in the mid-1980s. To-
day, the language of the second-cohort signers is more advanced
than that of the !rst-cohort signers (12–16).
Both cohorts share the same culture and environment (the cap-

ital city,Managua). Furthermore,members of both cohorts arewell
past childhood conceptual development, and all participants in
the current study were exposed to NSL before the age of 6. Thus,
this population provides a natural experiment in which language
level varies systematically, but culture, cognitive maturation, and
age of exposure to a native language are equated. This rare com-
bination allowsus to isolate effects of languageon spatial cognition.
Under some conditions of disorientation, the ability to navigate

in space using landmarks seems to be related to language.Humans,
like other species, readily use geometric information to guide their
navigation after they are disoriented (2, 6), but their pro!cient
and "exible landmark use does not emerge until age 5 under many
circumstances, and its emergence correlates with the productive
mastery of the phrases “left of X” and “right of X” (2, 17–19).
Further, adults’ landmark use after disorientation is impairedwhen
they engage in a language repetition task in a small, enclosed en-
vironment (1, 20).
Left–right language has also been implicated in an implicit rule-

learning task using a tabletop array (21). Speakers of a language
that uses allocentric spatial expressions (e.g., “north of me”) and
great apes from a variety of species all found it more dif!cult to
learn a table-top pattern that maintained egocentric spatial rela-
tions (e.g., to the participant’s left) than allocentric ones (e.g., to
the north). By contrast, Dutch speakers, who primarily use relative
spatial language (e.g., “to my left”), learned both kinds of spatial
relations equally well. Given these patterns of data, one role of
spatial language may be to support the speci!c use of egocentric
(i.e., left–right) reference frames, particularly within small enclo-
sures or with arrays of small objects.
In addition, at least some kinds of nonlinguistic experience can

improve performance on spatial tasks. In larger-sized arenas, dis-
oriented children are more apt to attend to landmarks (22), and
verbal interference has smaller effects for adults (23), suggesting
that navigation in larger scale spaces may bene!t from cognitive
mechanisms that are less language-dependent. Nonhuman animals
can integrate feature information after extensive training (24, 25)
and gold!sh can do so when an escape instead of a foraging para-
digm is used (26). Nevertheless, the performance of children and
nonhuman animals, even after training, does not show the sponta-
neous cognitive "exibility shown by human adults with mature
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language.Becauseadult humansdonot requireany training to solve
any of these reorientation tasks, it is possible that such cognitive
"exibility is crucially tied to language.
Sign languages provide a unique window into the relation be-

tween language and spatial cognition because they differ from
spoken languages in how spatial relations are linguisticallymarked.
Instead of using spatial terms such as “in” or “left,” sign languages
use signing space to represent spatial relations iconically. Signers
create a representation in which real-world spatial relations are
mapped onto the relative positions of their hands. For example, to
describe a cat on a table, a signer would place one hand repre-
senting the cat onto the other hand representing the table, with
no separate sign (e.g., “on”) that labels the spatial relation. Left-
right relations are also marked by the positions of the hands in
signing space. Within this system, signers can represent a scene
either from their own perspective (describing an object to the right
by producing a sign on their right side) or from the perceiver’s
perspective (describing an object to the right by producing a sign on
their left side). In most sign languages signers choose to represent
the scene from their own perspective (27, 28).
NSL has not yet converged on a spatial strategy like the one

found in most established sign languages. Individual !rst-cohort
signers are inconsistent in marking left–right relationships; ob-
jects on the left side are represented sometimes with signs on the
left, and sometimes with signs on the right. Consequently, the !rst
cohort’s utterances are ambiguous with respect to left–right rela-
tions. Second-cohort signers are mixed as a group and will nego-
tiate a strategy for each conversation, but as individuals they tend
to be consistent in their chosen strategy (15). In essence, !rst-co-
hort signers appear to lack the device that has previously corre-
lated with children’s performance on nonverbal spatial tasks—
a consistent linguistic marker specifying left–right relations.
To test whether language supports spatial cognition, we com-

pared !rst- and second-cohort signers’ performance on two spa-
tial tasks that require the use of a landmark, a brightly colored
wall, to !nd a hidden object. In the disoriented search condition
(17), participants entered a small, enclosed room with a single
red wall as a landmark (Fig. 1A). For each trial, they watched
an experimenter hide a token in one corner, and then were blind-
folded and turned slowly until disoriented. They then removed the
blindfold and indicated the corner where they thought the token
was hidden. In the rotated box condition (Fig. 1B), the procedure
was similar: the token was hidden in a small-scale tabletop model
of the room, the participant was blindfolded, and the model (not
the participant) was turned. There were eight trials per condition,
two in each corner.
After each condition, participants provided language samples

describing the hiding locations used in the room and in the box “so
that another person could !nd it” (Fig. 2). In our analysis of the
language samples, we selected !ve aspects of spatial language that
could arguably support spatial cognition and that are relevant to
this elicitation task (Table 1). For example, the simultaneous pre-
sentation of !gure and ground linguistically encodes one object
relative to another but only the consistent location of a left-hand
object with respect to the location of a right-hand object provides
the additional information of “left of.” Furthermore, the explicit
mention of the red wall indicates linguistic encoding of landmark
information. This may be suf!cient for remembering the target
location if geometric information (e.g., whether the target corner
was to the left or right of a long wall) can be processed non-
linguistically (6). Finally, locating the red wall in a consistent lo-
cation in signing space across multiple trials indicates the gen-
eration of a stable mental image of spatial relations, previously
linked to enhanced spatial abilities of signers (29). Three "uent
signers with knowledge of NSL coded the descriptions.
If adult-like performance on the spatial tasks depends on bi-

ological maturation or on total years of experience navigating
the world, then the two cohorts should exhibit equivalent perfor-

mance or the !rst cohort should show an advantage over the sec-
ond. Furthermore, sign language use has been shown to enhance
spatial cognition independently of deafness (29–31). For this
reason, !rst-cohort signers, who have more years of signing ex-
perience, might be expected to perform better than second-cohort
signers on spatial tasks. Alternatively, if spatial cognition depends
on the acquisition of particular linguistic markers introduced by
the second cohort but not (or not yet) acquired by the !rst cohort,
then the second cohort should show an advantage over the !rst
cohort. Such a !nding would demonstrate that failure to acquire
the requisite language limits performance in a way that life expe-
rience does not fully replace.

Results
The second cohort signi!cantly outperformed the !rst cohort in
both the disoriented search condition (Fig. 1C; Mann-Whitney
U= 3.5, P= 0.04) and the rotated box condition (Fig. 1D; Mann-
Whitney U = 14, P = 0.05), indicating that limitations in spatial
cognition can persist into adulthood. Evidently, 30 y of experience
navigating in the world did not give !rst-cohort signers the tools
to perform as well as second-cohort signers. Importantly, all !rst-
cohort signers succeeded on two pretest familiarization trials
where memory for topological spatial relationships was tested
using an identical procedure (mean = 2, SD = 0), suggesting that
their poorer performance was not due to memory impairments,
failure to encode basic spatial relations, or dif!culty understanding
the task instructions.
Further analyses compared signers’ speci!c spatial language to

their search performance. Signers’ consistency in marking left–
right spatial relationships correlated with success in the disoriented

Fig. 1. Diagram of the apparatus for (A) the disoriented search condition
(small gray rectangles indicate the locations of the lights) and (B) the rotated
box condition. Both apparatuses had one red wall, shaded gray in the dia-
gram. The "rst and second cohort’s search patterns in (C) the disoriented
search condition and (D) the rotated box condition. Mean search responses
(out of 8) are in bold, and SDs are in italics (C= correct search, N = near corner
error, R = rotational corner error, F = far corner error). The "rst and second
cohort scores overlapped in only one case in the disorientation condition
("rst cohort: range = 4–6, second cohort: range = 5–8), and in four cases in
the rotated box condition ("rst cohort: range = 3–7, second cohort: range =
5–8). Second-cohort signers signi"cantly outperformed "rst-cohort signers
on both tasks.
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search condition (Table 2). By contrast, this aspect of language did
not correlate with success in the rotated box condition. Rather,
consistency in placing the red wall in signing space correlated with
success in the latter condition (Table 2). No other feature of spatial
language correlated with performance on either spatial task,
and the spatial tasks did not correlate with each other (rs = 0.47,
P= 0.20).
The results from the disoriented search condition are consis-

tent with previous !ndings of a correlation between the acqui-
sition of “left of” and “right of” in English and the successful use
of a landmark on this task (17), suggesting that the underlying
mechanism is common to signed and spoken languages. This result
supports the idea that left–right language is bene!cial for repre-
senting egocentric spatial relations between objects (e.g., an object
to the left of a landmark). However, the !rst cohort’s performance
differs from that of English-speaking children. First, although
toddlers’ search accuracy usually falls under 40% in comparable
set-ups (17), !rst-cohort adults’ performance was considerably bet-
ter [mean = 68%, t(4) = 3.5, P = 0.02]. Second, children’s errors
usually cluster at the corner diagonally opposite the correct
corner, indicating that they use the geometry of the room but fail
to incorporate landmark information. In contrast, the !rst co-
hort’s errors were evenly distributed across the three incorrect
corners (Fig. 1C).
The relatively high performance of !rst-cohort signers sug-

gests that either maturation or some aspects of linguistic, cultural,
or cognitive experience can facilitate the use of visual cues under
conditions of disorientation. Indeed, their use of language is su-
perior to that of a young child: They readily encode complex in-
formation and tell extended narratives (14, 16). In addition, the
!rst-cohort signers are adults who may be able to draw on several
cognitive mechanisms in their attempts to work out the task. Their
errors, however, indicate that they do not rely on the geometry of

the room to solve the problem. The characteristic reliance on the
geometry of the room re"ects a rapid, automatic process—chil-
dren rarely experience the disorientation task as dif!cult, making
their search decisions very quickly. In contrast, !rst-cohort par-
ticipants made their decisions slowly and with effort, taking as
long as nine seconds and reporting that the task was dif!cult.
These observations suggest that the !rst-cohort signers had an
ambiguous representation of the hiding event in memory and, un-
like children, were aware of their own uncertainty of the correct
response. Their slower and more effortful error responses are un-
like the fast, automatic error responses that characterize reliance on
the geometry of the room. Nevertheless, the !rst cohort’s perfor-
mance in the disoriented search condition was signi!cantly below
the second cohort’s performance, and correlated with left–right
language. This result clearly indicates that language plays a role
beyond that of maturation and experience.
The correlation between language and search performance in

the rotated box condition likely re"ects different processes and
may be speci!c to signed languages. Second-cohort signers sys-
tematically placed a sign for the ground object (the red wall) in
their signing space and reused that location across their four
descriptions. First-cohort signers, by contrast, placed signs for the
red wall in different locations across the four trials. The typical
devices for expressing spatial relations in sign languages require
signers to generate a mental spatial con!guration and to maintain
it across several signs, in order to map these con!gurations con-
sistently onto signing space. Deaf and hearing users of American
Sign Language (ASL) exhibit advantages in mental image gener-
ation and transformation compared with nonsigners, indicating
a strong link between sign language experience and mental im-
agery abilities (29–31). A similar link is evident here. The consis-
tency and systematicity of the second-cohort signers’ spatial
language may have facilitated their mental imagery abilities and,

Table 1. Measures of spatial language

Measure Description

Mentioning a ground Does the participant mention the ground of
the spatial relationship (e.g., a wall?)

Simultaneous mention
of "gure and ground

Does the participant simultaneously articulate the "gure
(e.g., token) relative to the ground (e.g., wall)?

Mentioning the red wall Does the participant explicitly mention the red wall?
Consistency of placement

of the red wall
Across four trials does the participant locate the

red wall in a consistent location?
Consistency in marking

left–right relations
Across four trials does the participant locate left and

right spatial relationships consistently?

Fig. 2. A second-cohort signer describing the gaming token located (A) to the left of the red wall and (B) to the right of the red wall. In both descriptions, he
provides ground information by drawing a rectangle representing the box. Importantly, he linguistically distinguishes left from right, locating the token on
the left to his left, and the token on the right to his right.
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consequently, their performance in the rotated box condition.
Importantly, performance in this condition did not correlate with
left–right language. The small box is a single object seen from
a bird’s-eye perspective. By contrast, the disorientation chamber,
a space within which participants moved, was seen from an ego-
centric perspective. In the rotated box task, aligning the actual
red wall of the small box with that of their mental image may
have been suf!cient to support the mental rotation required to
identify the hiding location.

Discussion
Taken together, the present !ndings provide evidence for a causal
effect of language on thought. Consistent spatial language is
necessary for some aspects of mature spatial reasoning, even for
adults who routinely navigate through a complex urban environ-
ment. The current analyses rule out accounts of the correlation
between language and cognition that appeal to cultural, rather
than linguistic, effects (7). They also eliminate the explanation that
spatial skills decline because they are not useful in the participants’
environment (32). Finally, these results cannot easily be explained
by a general cognitive de!cit speci!c to !rst-cohort signers. In-
deed, we predict that both cohorts would use geometric cues
equally well in the disorientation condition if the red wall were
removed. Further, a general cognitive de!cit would not explain the
speci!city of the relationship between each task and linguistic
mechanism nor the lack of a correlation between the spatial tasks.
The present !ndings cannot identify the mechanism by which

language supports spatial cognition, although there is no shortage
of candidates. Language may serve as a medium of spatial repre-
sentation (33), as anaid to cognitive processing (34), or as ananchor
for systematizing spatial concepts that are otherwise ephemeral
(35). These !ndings also do not reveal whether consistent spatial
language and its resulting cognitive bene!ts can be acquired in
adulthood. In typically developing children, acquiring either a spo-
ken or signed language, spatial language is usually mastered after
theageof four, later thanmanyother aspects of language (36, 37).A
previous study with Nicaraguan signers reported that !rst-cohort
signers’ late acquisition of words like “think” and “know” predicted
their subsequent theory-of-minddevelopment in adulthood (38). In
the case of spatial cognition, the limits of adult acquisition remain
unclear. Evidence from late learners of ASL suggests that those
who begin to acquire spatial language later in life may never fully
master it (39).
Differences between successive cohorts of Nicaraguan signers

reveal that speci!c domains of spatial cognition depend on speci!c
linguistic devices that are well instantiated in mature languages.
As language evolved, spatial cognition may have correspondingly
become dependent on combinatorial linguistic devices. Today,
modern human adults whose newly emergent language lacks such
devices struggle when faced with a simple spatial puzzle. However,
as the language is transformed, so are the spatial abilities of its
newest and youngest learners.

Methods
Participants. Sixteendeafsignersweretestedindividually inadisorientedsearch
condition ("rst cohort:Mage = 31.35, SD = 3.79, males = 3, females = 2; second
cohort: Mage = 20.92, SD = 1.91, males = 3, females = 2) and a rotated box
condition ("rst cohort:Mage = 31.35, SD = 3.75, males = 4, females = 2; second
cohort:Mage = 20.60, SD = 2.83,males = 7, females = 4). Eleven of the 16 signers
completed both conditions, in which case the disorientation condition was al-
ways administered "rst. Four additional second-cohort signers were excluded
because local power outages prevented them from completing all of the dis-
orientation trials; the trials they did complete resulted in successful searches.
One"rst-cohort signer completedonly four trials; a score out of eight trialswas
derived by applying the percentage correct (75%) from that participant’s "rst
four trials. This derived score is supported by the performance of the other
participants: all participants whomade one error in the"rst four trialsmade at
least one error in the second four trials.

Disoriented Search Condition. Following Hermer and Spelke (17), participants
in the disoriented search condition entered a 4’ wide ! 6’ long ! 6’ high
(1.22 m ! 1.83 m ! 1.83 m) rectangular room (Fig. 1A) constructed from ten
24” ! 36” (0.61 m ! 0.91 m) commercially available connected panels (Panel
Plus System, Monster Displays). The interior of the apparatus was gray felt
with one short wall entirely covered in smooth red fabric. The entrance was
a panel in one of the long walls farthest from the red wall. Once closed, the
door was indistinguishable from the other gray panels. The !oor was
a heavy dark fabric pulled taut. Light-proof fabric was pulled taut over the
apparatus and around the exterior to eliminate ambient light cues. Two 18!
!uorescent lights were positioned at the top and center of each long wall.
[For six participants, a single light was positioned at the center of the ceiling.
Performance did not differ in the two lighting situations (Mann-Whitney U =
12, P = 0.56).] Four small yellow cups, about 1” tall and 1” in diameter, were
inverted and placed in each corner of the room to serve as hiding places
for a gaming token. Because participants were deaf, there was no need to
suppress ambient sound.

The participant stood in the center of the room while the experimenter
drew the participant’s attention to a small white plastic gaming token that
she then placed under one of the four cups. The participant was then blind-
folded and turned around slowly 6–10 times until disoriented (but not
dizzy). Disorientation was ensured on every trial by having the participant
point to the door without removing the blindfold. Participants had been
instructed to point to the door when the experimenter tapped them once on
the shoulder. Participants who pointed to an incorrect location were pre-
sumed to be disoriented and turned once or twice more to face one of the
two long walls (either 90° or 270° from their starting position) before re-
moving the blindfold. Participants who pointed correctly to the location of
the door were presumed to be oriented still and were turned several more
times, repeating this procedure while still blindfolded until they failed to
point correctly to the door. Most participants were easily disoriented on the
"rst attempt. After disorientation, the blindfold was removed, and the
participant was asked to point to the location where he or she thought the
token was hidden. The experimenter stood behind the participant and
looked at the ceiling or !oor while the participant searched to avoid biasing
the participant’s selection.

Rotated Box Condition. The rotated box condition paralleled the disorien-
tation condition except that (i) the apparatus was an 8" wide ! 12" long ! 8"
high (0.23m! 0.30m! 0.23m) acrylic black boxwithone short red side, (ii) the
apparatus was rotated, and (iii) the participant remained stationary and ori-
ented. The box was placed with the red side directly across from the partici-
pant. Four inverted pink cups were placed in the corners of the box to serve as
hiding places for a gaming token. As in the disorientation condition, the ex-
perimenter placed the token under a cup in one of the four corners while

Table 2. Correlations between spatial language measures and performance on the spatial tasks

Disoriented search Rotated box

Mentioning a ground 0.09 0.24
Simultaneous mention of "gure and ground 0.54 0.39
Mentioning the red wall !0.14 0.38
Consistency of placement of the red wall 0.45 0.64*
Consistency in marking left–right relations 0.62† 0.40

*P = 0.006.
†P = 0.05.
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the participant watched. After blindfolding the participant, the experimenter
rotated the box to thepreassigned orientation, then tapped theparticipant to
indicate that they could remove the blindfold and search for the token.

Coding. Two "xed, random orders of eight trials were generated for each
condition,with the constraints that the tokenwas hidden in each corner twice,
and never in the same corner for two sequential trials. For the trials involving
a given corner, participants faced the two long walls once each. Participants
were randomly assigned to one of the two orders for each condition. For each
trial, the participant’s "rst choice of location was recorded and categorized as
correct, rotational error, near error, or far error (Fig. 1 C and D). After an in-
correct search, the experimenter revealed the correct location.

Familiarization Trials. In both conditions before the eight test trials, participants
receivedtwotrialsusingasmall container thathadanupperanda lowerchamber.
The container was placed in the center of the room or box, and the token was
hidden in one of the chambers. The same disorientation and search or rotation
and search procedures were used in the familiarization trials as in the test trials.

Language Elicitation. Descriptions of each of the four hiding places were elic-
ited following the eight test trials for both conditions. The languagemeasure
for each apparatus was compared with performance on the spatial task using
that apparatus. For language elicitation, participants were randomly assigned
to one of two "xed random orders. After watching the experimenter hide the
token in one of the four corners, participants were moved to a new location
where they couldnot see theapparatus,with their bodyoriented inadifferent
direction, and videotaped while they described the hiding location “so that
another person could "nd it.”

Videotaped descriptions were coded of!ine with respect to "ve aspects
of spatial language. (i) Mentioning a ground. Descriptions were coded for

whether or not the signer provided information about the ground of the
spatial relationship. Speci"cally, explicit mention of the walls of the disori-
entation room or the sides of the box were tallied. (ii) Simultaneous men-
tion of "gure and ground. Trials that included the simultaneous presen-
tation of "gure and ground information were tallied, for example, the
articulation of a sign for the token alongside a sign for the wall. (iii) Men-
tioning the red wall. For each trial, it was noted whether the red wall (the
landmark) was mentioned. (iv) Consistency of placement of the red wall.
Across the four trials, the proportion of trials articulating a sign for the red
wall in a single location was computed. A score was assigned based on the
most frequently used location; for example, a signer who used one location
three times and another one time would receive a score of 0.75. (v) Con-
sistency in marking left–right relations. Across the four trials, the proportion
of trials that mapped left and right consistently was computed.
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