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Abstract 
A recent study (Haun et al., 2011) found that Dutch-speaking children who prefer an egocentric (left/right) 
reference frame when describing spatial relationships, and Hai||om-speaking children who use a geocentric 
(north/south) frame had difficulty recreating from memory small-scale spatial arrays using their language-
incongruent system. In five experiments, we reconciled these results with previous findings which showed that 
English (egocentric) and Tseltal Mayan (geocentric) speakers can flexibly use both systems (Li et al., 2011; 
Abarbanell, 2010). In replicating and extending Haun et al., English- but not Tseltal-speaking children could use 
their language-incongruent system when the instructions used the non-preferred spatial language (Experiment 1). 
Likely, perseveration due to task order explains the discrepancies between English- and Dutch-speaking children, 
and difficulty in understanding instructions with left/right language explains why Tseltal- (Experiment 5) and 
Hai||om-speaking children had difficulty with the language-incongruent system. In support, Tseltal-speaking 
children could use an egocentric system when the instructions were conveyed without left/right language 
(Experiments 2-4). Furthermore, our findings suggest that task constraints, rather than language, determine which 
system is easier (Experiment 2 vs. 3). 
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The possibility that speakers may experience and even perceive the world along language-specific lines 
is central to debates regarding the plasticity of human cognition. How much of our cognitive make-up is 
determined by our biology and how much is shaped over ontogenetic development by cultural systems such as 
those that may be expressed and acquired through language? This debate is not only central to the cognitive 
sciences, but has perennially fascinated the public with the possibility that core aspects of our humanity may 
radically differ depending on the environment in which one is raised. As a New York Times article explains, if 
your language habitually “forces” you to attend to certain experiences, it is only “natural” that one develops 
related habits of mind that shape one’s “experiences, perceptions, associations, feelings, memories and 
orientations in the world” (Deutscher, 2010, August, 29, p. MM42).  

Natural, perhaps, but how strong is the empirical evidence supporting such intuitions? The present paper 
revisits evidence from one of the most often cited cases in support of linguistic relativity concerning the language 
of space; specifically, the coordinate systems or frames of reference (FoR) speakers use to talk about locations 
and directions. While recent studies have yielded seemingly conflicting results (e.g., Haun et al., 2011, Li et al., 
2011), we will endeavor to make sense of the conflict with a set of new studies. To do so, we will first present an 
overview of the arguments for linguistic relativity versus universality in this domain, highlighting how different 
sets of data have been used to argue for two competing accounts: a Linguistic Relativity hypothesis arguing for a 
strong effect of language on nonlinguistic representations via practice effects (e.g., Haun et al., 2011; Levinson, 
2003; Levinson et al., 2002; Slobin, 2003) and a Pragmatic Inference account arguing for a weaker effect of 
language on how speakers’ interpret certain ambiguous or underspecified tasks (Li et al., 2011; Li & Gleitman, 
2002; Papafragou & Gleitman, 2013). We then present the new set of studies aimed at reconciling discrepancies 
between previous reports. Finally, we end with some thoughts about cognitive diversity and flexibility in this 
domain and speculate on where language may and may not be predicted to have an effect. 
 Spatial frames of reference has been a fruitful area to study linguistic relativity. At first glance, we might 
expect something as basic to our survival as spatial localization to have a strong biological basis and therefore to 
be encoded in more or less the same way across languages (e.g., Landau & Jackendoff, 1993; Talmy, 1983). It 
turns out, however, that there is surprising yet systematic variation in the systems speakers use. These systems 
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are used to specify the direction an entity, generally called the ‘figure’, is located with respect to another entity, 
or ‘ground’ (Talmy, 1983). In English and other standard European languages, speakers primarily use the 
perspective of a viewer to establish a directional system (e.g., left/right). In some other languages, however, 
speakers use fixed aspects of their environment instead. In Tseltal Mayan (Chiapas, Mexico), speakers use the 
uphill/downhill slope of their terrain even when talking about objects that are close at hand, such as the 
arrangement of items on a table. Such cross-linguistic differences have been argued to affect how speakers 
interpret, store and retrieve spatial information across modalities, resulting in greater facility using language-
congruent strategies and a dispreference for language-incongruent ones (e.g., Levinson, 1996; 2003; Pederson, 
Danziger, Wilkins, Levinson, Kita & Senft, 1998). 
 Testing these predictions, however, is complicated by the fact that there are many ways to partition and 
classify these variations in FoRs. A natural division, based on the physical world in which we live, is between 
object-centered FoRs and geocentric FoRs. That is, between FoRs derived from objects or entities that move 
around on earth versus FoRs that are anchored to and invariant of earth. On the other hand, cognitive 
psychologists generally distinguish between egocentric and allocentric frames. The latter includes everything 
from the facets of other (non-egocentric) movable objects, including other animate beings, to fixed features of the 
environment. This singling out of the ego as a special kind of object makes sense given that it is expected to have 
a privileged role in cognition: it is the perspective from which we take in information and plan our movement in 
the world. In yet a third way of classifying FoRs, researchers documenting spatial language generally distinguish 
three different reference frames, based not only on the perspective, but on the extent to which the perspective is 
projected. Using Levinson’s (1996, 2003) terminology, an intrinsic system is a binary relation between a figure 
and ground, with the figure located at some feature of the ground (e.g., “the cup is at the mouth of the pitcher”). 
In contrast, a relative system is a ternary relation between figure, ground, and some independent viewer’s 
perspective that is projected onto the ground (e.g., “the cup is to the left of the pitcher”). Lastly, in an absolute 
system, the figure is located with respect to the ground by projecting an environmentally fixed asymmetry (e.g., 
“the cup is to the north of the pitcher”).   
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Figure 1. Experimental Set-up of Animals-in-a-row task, where participants remember an array of animals at 
Table 1 and have to recreate it at Table 2. 1(a) shows the egocentric solution and 1(b) the geocentric solution. 
1(c) shows sample arrays from the present studies, consisting of easy (3 figurines) or hard (6 figurines) arrays 
that participants have to remember. 
 

While there has been debate in the literature on exactly which classification best grafts onto testable 
predictions about spatial cognition, most of the experimental evidence in this domain has focused on speakers of 
languages that habitually take an egocentric-relative versus a geocentric-absolute perspective when describing 
figure-ground relations, with researchers making use of the properties of each system under rotation. For 
example, in the animals-in-a-row task, participants are shown a row of toy animals facing in a given direction 
(e.g., left/north). They are then asked to recreate the “same” array after turning 90° or 180° to face a second table 
(see Figure 1 for an example of the table set-up we use in the present study). Studies with over 20 languages have 
revealed a robust and striking correlation: speakers of languages like English that habitually use an egocentric 
system, often rotated the animals along with their bodies (Figure 1a), while speakers of languages like Tseltal 
often maintained the orientation of the animals with respect to the environment (Figure 1b). These results have 
been used to argue that the habitual use of one linguistic system versus another yields practice effects, making it 

Table 1 Table 2

a)  EGOCENTRIC SOLUTION:

Table 1 Table 2

b)  GEOCENTRIC SOLUTION:

c)  TYPES OF TRIALS

Easy

Hard
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difficult for speakers to use the system that is less frequently used in their language (see Brown & Levinson, 
1993b; Levinson, 1996, 2003; Majid, Bowerman, Kita, Haun & Levinson, 2004; Pederson et al., 1998).  

Not all researchers assume these results by themselves are conclusive in demonstrating that language use 
shapes the availability of frames of reference in everyday spatial reasoning (Li & Gleitman, 2002; Li, 
Abarbanell, Gleitman & Papafragou, 2011; Newcombe & Huttenlocher, 2000; Pinker, 2007). They take issue in 
particular with the open-ended structure of the tasks. Using Brown and Levinson (1993)’s “chip task” as an 
example, Li et al. (2011) explained how pragmatic inference is implicitly and heavily involved when deciding 
what is meant by the command to find or make the “same” array. In the chips task, participants were shown a 
card with two colored dots (e.g., a red dot left/south of a green dot) at the first table.  After turning to face a 
different direction and a second table, participants were told to find the “same” card. Since there were four copies 
of the original card at the second table, each in a different orientation, participants had to have reasoned that 
“same” could not refer to the same card per se, but rather a unique card in a specific orientation. But which 
orientation should one pick? Here, how one’s linguistic community generally talks about and responds to queries 
about locations and directions, rather than one’s own cognitive preference, may serve as a probabilistic basis for 
inferring which orientation the experimenter meant by the “same.” Conceivably, participants’ expectations of, or 
adherence to linguistic conventions could similarly be driving the response pattern for other such open-ended 
“find the same” or “make the same” tasks or tasks that require guessing the intent of the experimenter (e.g., 
Majid et al., 2004; Haun et al., 2006).  

There are therefore two competing accounts of the covariation between linguistic preferences in frame of 
reference use and task performance on these open-ended tasks: According to the “linguistic relativity” 
hypothesis, the habitual use of one system versus another in one’s language affects the availability of the 
corresponding nonlinguistic spatial representations. In contrast, under the “pragmatic inference” account, 
language may exert a weaker effect by influencing how speakers interpret ambiguous or open-ended 
representations, without necessarily altering the availability of each system or the ease with which they are used 
to solve different types of spatial problems in daily life.  
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To adjudicate between these two accounts, Li et al. (2011) and Abarbanell (2010) tested English- and 
Tseltal-speaking adults and children on non-open-ended tasks. Some tasks were variations of the rotation tasks 
described above, where participants were informed as to which of the two responses, egocentric or geocentric, 
was required based on how they carried a stimulus tray over to the second table (whether they rotated the tray 
with their body or maintained its orientation with respect to the environment). Other tasks involved finding 
hidden objects in containers that maintained either egocentric or geocentric relations. Li Abarbanell, and 
colleagues reasoned that if language use affects the availability of nonlinguistic representations, as suggested by 
Levinson (2003) and colleagues, speakers should have an easy time producing the language-congruent response, 
but a difficult time producing the language-incongruent response. Instead, however, Li and colleagues found that 
Tseltal speakers had no difficulty producing the (language-incongruent) egocentric response relative to the 
(language-congruent) geocentric response. In fact, the error patterns from several tasks suggest that Tseltal 
speakers often relied on their egocentric perspective to help reconstruct the geocentric perspective (e.g., see Li et 
al. 2011’s Experiment 3).  Thus, Tseltal speakers sometimes performed better on tasks requiring the egocentric 
solution than tasks requiring the geocentric solution. Furthermore, when Abarbanell (2010) compared English 
speakers to Tseltal speakers on several of the non-open-ended tasks in Li et al (2011), she found that the two 
groups performed similarly, making similar kinds of errors. The same tasks or conditions that posed difficulty for 
the Tseltal speakers, also posed difficulty for English speakers. Thus, it was not one’s language background that 
determined whether a task was easy or hard, but the tasks themselves that determined performance. 
 A recent study by Haun, Rapold, Janzen, and Levinson (2011), however, found seemingly contradictory 
results. They compared Dutch speakers in the Netherlands who primarily use an egocentric frame, with speakers 
of ≠Akhoe Hai||om, a Khoisan language spoken in Northern Namibia that primarily uses a geocentric frame, on 
both open- and non-open-ended versions of the animals-in-a-row task. To control for educational differences in 
adult community members across language groups, they tested seven- to eleven-year-old children. The children 
were shown an array of toy animals at one table and then walked to a second table where they faced 90° from 
their original orientation and were asked to recreate the same array. The tables were separated by a large 
landmark which ostensibly could have been used to orient the animals (e.g., “The animals are facing the 
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building/room divider”) to probe the children’s tendency to use a salient object or local landmark versus a larger-
scale directional system. The children were first tested on a block of five simple trials using three animals in a 
row, followed by a single, more difficult trial involving a six-object array, to test the possibility that 
arrangements which are harder to encode linguistically will cause participants to fall back on a more ‘innate’ or 
language-independent strategy. Using videotaped instructions, native speakers of each language told the children 
to “rebuild the array”.  
 In line with previous findings from open-ended tasks, both groups of children aligned the animals in 
accordance with their language-congruent reference frame regardless of trial difficulty: the Dutch-speaking 
children were exclusively egocentric while the Hai||om were overwhelmingly geocentric. Next, the children 
received another hard trial but were instructed to rebuild the array using the opposite system to the one they had 
just used (e.g., children who had aligned the animals egocentrically on the open-ended trials were instructed to 
align them geocentrically, and vice-versa) with verbal instructions (“place the western objects back on the 
western side of the array”). In contrast to the flexibility of the English- and Tseltal-speakers, the Dutch and 
Hai||om showed little capacity for switching to their language-incongruent system.  

This data by itself, however, cannot definitively support the conclusion that people have difficulty 
solving spatial tasks requiring language-incongruent solutions. This is because children, and sometimes even 
adults, can experience difficulty switching to a different way of solving a problem after being accustomed to one 
way of solving it (Cepeda, Kramer & Gonzales de Sather, 2001; Luchins, 1942; Yerys & Munakata, 2006). The 
Dutch and Hai||om children were asked to switch their way of responding after having completed four trials in 
which they predominantly responded in language-congruent manner. The switch might therefore have been the 
cause of the difficulty. Had Dutch and Hai||om children been asked to provide the language-incongruent solution 
first and then asked to switch to giving the language-congruent solution, they might have found the incongruent 
solutions easy and experienced difficulty with the language-congruent trials.  

To control for the possibility of such a perseveration effect, Haun and colleagues tested a new group of 
Hai||om children. They did not, however, test Dutch-speaking children. The Hai||om children were tested on two 
blocks of both easy and hard instructed trials, one with instructions to recreate the array egocentrically (e.g., 



9 
 
“place the rightmost objects back on the right-hand side of the array”) and the other geocentrically (e.g., “place 
the western objects back on the western side of the array”). This time, the order of the two blocks was 
counterbalanced across participants. Once again, the Hai||om-speaking children performed significantly better in 
the geocentric than the egocentric condition; they struggled to use their non-dominant egocentric system 
regardless of block order. On the basis of this data from Hai||om-speaking children, Haun et al. concluded that 
language experience shapes how one solves spatial tasks. Speakers are more proficient at solving tasks that 
require language-congruent solutions than those requiring language-incongruent ones.  

At first blush, the inflexibility of Haun et al.’s Hai||om and Dutch speakers at providing language-
incongruent solutions seemingly contradict the flexibility of Li et al.’s Tseltal and English speakers. How can we 
make sense of these discrepant findings? Neither group of researchers has provided an account reconciling these 
seemingly contradictory findings. There are, however, ways to reconcile these results, including the fact that they 
compared different populations and there were procedural differences. For example, the Tseltal are a sedentary, 
agrarian society whose main directional axis is based in the prominent uphill/downhill slope of their terrain. The 
Hai||om, in contrast, are a semi-nomadic hunter-gatherer group whose survival depends on their ability to travel 
and navigate their land. It would not be surprising, if the Hai||om showed a stronger geocentric tendency than the 
Tseltal, whose agrarian lifestyle may not demand the same degree of mentally updating the whereabouts of 
objects.  

With respect to procedural differences, Li and colleagues tested different spatial tasks (e.g., card choice 
and route tracing), and participants took a 180° rather than a 90° turn. Perhaps importantly, the way in which Li 
et al. indicated which response they expected from participants did not involve spatial language, while Haun et 
al.’s instructions did. In particular, the choice of using left/right language in the instructions is potentially 
problematic. Left/right language is notoriously difficult to acquire even for children in Indo-European cultures 
who are more frequently exposed to these terms (see Piaget, 1928; Rigal, 1994, 1996). Therefore, it is an open 
question whether the Hai||om-speaking children understood the left/right instructions, when such spatial language 
is infrequent in their input. As Widlok explains (2007: 272), while the Hai||om use front-back terms projectively 
to describe spatial relationships as well as metaphorically to describe relationships in other domains (e.g., 
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younger people ‘follow behind’ their elders), left/right language remains relatively dispreferred and undeveloped, 
e.g., in discussions about routes or object manipulations, especially as compared to languages like English or 
Dutch. Furthermore, there is evidence that in some cultures where left/right spatial terms are available, but 
infrequent, not every member necessarily knows these terms (e.g., Le Guen, 2011, for Yucatec speaking adults). 
Therefore, there is reason to worry that Hai||om-speaking children performed poorly as a group when asked to 
align animals using egocentric coordinates, because some children failed to understand the instructions.  

Difficulty in understanding the language-incongruent instructions could have also applied to Dutch-
speaking children who were instructed to recreate spatial arrays using instructions with “east” and “west.” 
Additionally, Dutch-speaking children were never tested in counterbalanced blocks; they were tested on the 
geocentric block after the egocentric block. Hence they could have performed poorly on the geocentric block due 
to task perseveration. It is possible that had Dutch-speaking children been asked to start with the geocentric 
block, they would have exhibited no difficulty with the geocentric block, but experienced difficulty when asked 
to switch to the egocentric block. 

What can we conclude, therefore, about the nature of cognitive diversity and flexibility on the basis of 
Haun or Li and colleagues’ results? The possibility of both task-specific and population-specific effects makes it 
crucial to try to replicate seemingly divergent results across different comparison groups that share the same 
linguistic frame of reference preferences in order to disentangle the possible contribution of language from that 
of other cultural, environmental and task-specific effects. In Experiment 1, we therefore turned to Tseltal- and 
English-speaking children, asking whether Haun and colleagues’ results are replicable with these comparison 
populations. 

  
Experiment 1: Haun et al. Replication 

Methods 
Participants. Thirty-nine English-speaking children between the ages of seven to ten were recruited 

from the Cambridge MA area through town email lists, afterschool programs, and at the Boston Museum of 
Science. The children were randomly assigned to one of three conditions: an open-ended condition (N=14, mean 
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age 7.93 years; SD = .83), an Ego-to-Geo condition (N=13, mean age 8.31; SD = 1.03), and a Geo-to-Ego 
condition (N=12, mean age 7.92; SD = .67). The children received a small prize for their participation. 

Forty-six Tseltal-speaking children were recruited from the community of Tenejapa, Chiapas, Mexico, 
through a research assistant who was from the community, and were also randomly assigned to the three 
conditions: open-ended (N=14, mean age 9.21; SD = .89), Ego-to-Geo (N=16, mean age 8.06, SD = .68), and 
Geo-to-Ego (N=16, mean age 8.94, SD = 1.00). Testing was conducted in a local house in Tenejapa and 
participants were compensated with 20 pesos (~2 USD). All instructions were administered in Tseltal by the 
research assistant, a native-Tseltal speaker who was bilingual in Spanish. 

Setup.  Haun et al. varied whether participants were run outdoors or indoors and found no difference in 
the results; we therefore did not manipulate this factor. All of our participants were tested indoors. Two square 
tables were placed approximately 1.5 meters apart, with a barrier in between so that when seated at one table, 
participants could not see the other table.  

The arrays were created from a set of eight toy farm figurines (a cow, horse, pig, sheep, bale of hay, boy, 
girl, and cart). Following Haun et al., we included “easy” and “hard” trials. The easy trials were lines of three 
figurines, all facing the same left or right direction. The hard trials used six figurines in two rows of three, with 
the figurines varying in their facing orientation (either right or left; see Figure 1c). For both trial types, 
participants had to choose the correct figurines from the collection of eight. The test arrays were predetermined 
by a computer program that randomly selected the figurines and their facing orientations. 

Haun et al. noted that the easy trials could be easily described linguistically (e.g., “cow, sheep, pig 
walking right”) while hard trials would require longer descriptions (“The pig is facing left towards the cow that is 
facing right…”). Therefore, any language-specific strategies driven by sub-vocalizing would be unwieldy and 
cumbersome on the hard trials. The hard trials were therefore expected to be better at revealing the default 
strategy than the easy trials.  

Procedures. Participants were randomly assigned to one of the three conditions for the test trials. In all 
conditions, the children were seated at Table 1, where they were given as much time as they wanted to memorize 
the array. They then moved to Table 2 where they sat at a 90° rotation from their original orientation.  
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Test Trials. In the open-ended condition participants were simply told to “place the animals in the same 
way” at the second table. The children received three easy followed by three hard trials. The two non-open-ended 
conditions, Ego-to-Geo and Geo-to-Ego, were counterbalanced conditions in which participants were instructed 
to provide a specific solution (see familiarization section below for instructional details). Following Haun et al., 
we will refer to these two non-open-ended conditions as the “instructed” conditions. In the Ego-to-Geo condition, 
participants were instructed to replicate the arrays using an egocentric solution for the first block of trials, 
followed by geocentric instructions for the second block, and vice-versa for the Geo-to-Ego condition. Each 
block consisted of three easy followed by three hard trials.  

Familiarization and Instructions Prior to the Test Trials. In all conditions, the participants were 
introduced to the task of recreating an array with three familiarization trials, using just the first table. For each 
familiarization trial the experimenter made an array of three animals aligned in a row to either all face left or 
right, and then asked the child to make the same array on the same table. For the first familiarization trial, the 
original array remained in view of the child. For the second and third familiarization trials, the experimenter 
covered up the array after the children indicated that they were ready. They were then asked to make the same 
array from memory. These trials introduced children to the idea that that they would have to recreate the display 
from memory. These trials also served as a check for whether participants in all conditions understood the task 
and were comparable in their ability to recreate arrays from memory. Indeed, children rarely made any errors on 
these trials. 

In the non-open-ended conditions, the children received two additional familiarization trials in which 
they walked to the second table. On these trials, the children received instructions that familiarized them to the 
expected solution, either egocentric or geocentric according to block. To induce the use of an egocentric 
reference frame, the children were shown which animal was to their left and right (e.g., “The horse is on this side 
towards your left. It is to the left”/ “Ja’ te cawayo ay ta izquierda a’w-u’un. Ay ta izquierda”) at the first table. 
We used the Spanish terms to express the ideas of “left” (izquierda) and “right” (derecha) to Tseltal speakers, 
although all other instructions were given in Tseltal. All of the Tseltal-speaking children in the sample were 
currently attending school where teachers report explicitly teaching and using a left/right system in Spanish. In 
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contrast, left/right terms in Tseltal, which are infrequently used to label body parts and are not typically used to 
describe locations and directions (Brown, 2006; Brown & Levinson, 1992), are rarely explicitly taught in the 
home according to parental reports, and teachers do not expect the children to necessarily know the words 
(Abarbanell, 2010).  

For the geocentric trials, children were introduced to geocentric terms at the first table. The English-
speaking children were shown which animal was to the north/closer to the northern wall, and which animal was 
to the south/closer to the southern wall. North/south was used with the English-speakers as the children were 
likely to be more familiar with these than with east/west terms. Children learn these terms when learning about 
maps in school which are typically oriented so that north is up, and “north” and “south” refer to salient locations 
on the globe while “east” and “west” do not. Further, north/south terms are predicted to be more frequent in 
discourse directed to children than east/west (e.g., “Santa lives at the North Pole”). The Tseltal-speaking children 
were shown which animal was towards where the sun rises (ta slok’ib k’aal)/towards the sunrise wall (ta slok’ib 
k’aal pajk’), and which animal was towards where the sun sets (ta smalib k’aal)/towards the sunset wall (ta 
smalib k’aal pajk’). For the Tseltal children, although uphill/downhill has been identified as the most salient 
directional axis for Tseltal speakers (Brown, 2006; Brown & Levinson, 1993a), more recent data suggests that 
the dominant axis as well as the exact quadrants specified by different directional terms, varies for different 
regions within the municipality of Tenejapa. For example, Polian & Bohnemeyer (2011) found that Tseltal-
speaking adults from the same region as the children tested here frequently used sunrise/sunset terms on language 
elicitation tasks in contrast to the near-absence of any uphill/downhill language. We therefore opted to use the 
sunrise/sunset terms.  

At the second table, children in both language groups were asked to raise their left and right hands in the 
egocentric block, and to point in the appropriate directions in the geocentric block, and then to tell the 
experimenter which animal was located at each hand/in each direction. They were then instructed to line up the 
animals. If the children tried to align the animals using a different reference frame from what was instructed, the 
experimenter guided the participant in aligning the animals correctly, reminding the children where the animals 
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went in relation to left/right or to the environment. No such explicit feedback was given on the three easy or three 
hard test trials that followed this initial training period.  

Language Comprehension (Doll and Animals Task). Four left/right comprehension questions at the end 
of the experiment provided a quick check of Tseltal children’s knowledge of “left” (izquierda) and “right” 
(derecha). For each question, with the child seated at the first table, a doll (the boy or girl figurine from the farm 
animal set) was placed in the center of the table with a different animal figurine at each of its left/right sides, and 
the children were asked to identify which animal was to the doll’s left and right (“Binti chambalam ay ta s-
derecha/s-izquierda te muñeca?”/”Which animal is to the doll’s left/right”). According to our Tseltal adult 
informants, the third-person possessive prefix (s-) affixed to the Spanish left/right terms indicated grammatically 
that the doll’s and not the child’s left/right was intended. For two questions the doll and animals faced away from 
the child, and for two questions they faced the child. For each facing direction, one question was about “left” and 
one about “right.”  The questions were blocked by side (left or right), with block and facing counterbalanced 
across children. By manipulating the facing direction of the doll and seeing if children’s interpretation of the 
terms changes accordingly, we could assess whether the children understood that left and right are tied to the 
facing direction of a person.  
Results 

Test Trial Results. For each trial, the percentage “correct” was calculated on the basis of the positions 
and the orientations of the figurines. For each trial, the children received one point for each figurine placed in the 
correct position and one point for each figurine placed in the correct orientation, for a total of six possible points 
for the easy trials and twelve points for the hard trials. The orientation score was calculated in two ways, with the 
max of these two ways taken as each child’s final score. In the first way, each figurine was scored for correct 
orientation regardless of the position in which it appeared. Second, the orientation of the figurine in each position 
was scored regardless of whether the figurine was the correct one. These two ways took into consideration the 
possibility that the children might have incorrectly swapped figurine positions but correctly remembered the 
figurines’ orientation or the possibility that the children misremembered the figurine (e.g., boy instead of girl), 
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but remembered the orientation of the figurine at that position. The percentage correct for each trial was then 
computed by dividing the number of points out of the total possible number of points.  

Open-ended condition. Participants in the open-ended condition were classified as either egocentric, 
geocentric, (non-ego) object-centric, or untypable based on their general response strategy (at least two out of 
three trials each for the easy and hard trials aligned with the same reference frame). The percent correct was then 
calculated for each child, according to their preferred reference frame. The distribution confirmed that the 
children’s response aligned with the dominant frame of reference in their language (see Table 1). None of the 
children opted to use the divider between the tables as a reference point just as Haun et al. (2011)’s children 
rarely opted to use the landmark as a reference point. Using the divider meant recreating an array in which the 
line of figurines which was closest to the divider at the first table remained closest to the divider at the second 
table. 
Table 1. Distribution of dominant response strategies in English and Tseltal speakers for Experiment 1’s open-
ended condition. Number of participants is listed in the N column. Mean percentage correct and standard 
deviation for the easy and hard trials are provided for consistent response strategies. 
 

Response Types 
              English               Tseltal 

N Easy Hard N Easy Hard 
Egocentric 12 86.1 (14.5) 71.7 (10.7) 1 61.1 52.8 Geocentric 2 75.0 (8.5) 70.8 (16.9) 11 76.8 (18.6) 56.8 (14.1) Object-centric 0 - - 0 - - Untypable 0 NA NA 2 NA NA 

Total 14   14   
 

Instructed conditions. For the two instructed conditions, a 2 (difficulty: easy, hard) x 2 (trial type: 
egocentric, geocentric) x 2 (block order: Ego-to-Geo, Geo-to-Ego) x 2 (language: English, Tseltal) ANOVA 
yielded main effects of difficulty (F(1,53) = 114.80, p < .001, ηp2 = .68), trial type (F(1,53) = 56.91, p < .001, ηp2 
= .52), and language (F(1,53) = 22.83, p < .001, ηp2 = .30). The effect of block order was not significant (p = .86, 
n.s.). Collapsing across block order, Figure 2a depicts these main effects. Overall, participants did better on the 
easy (74.37% correct) than the hard trials (44.99% correct), better on the geocentric (74.07% correct) than the 
egocentric trials (45.29% correct), and the English-speakers (70.14% correct) did better than the Tseltal 
(51.51%).   
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(a) 

 (b) 

 Figure 2. Results of Experiment 1’s instructed conditions. (a) Percentage correct broken down by trial type and 
difficulty and collapsing across blocked conditions (Ego-to-Geo, Geo-to-Ego), comparing the English (N=25) 
and Tseltal speakers (N=32). (b) Percentage correct, broken down by trial type and difficulty, and collapsing 
across language group (English, Tseltal), comparing Ego-to-Geo (N=29) and Geo-to-Ego (N=28). 

 
The ANOVA yielded three significant interactions, two of which involved language. First, the effect of 

language varied by difficulty (F(1,53) = 5.01, p = .03, ηp2 = .09), with the two groups diverging more on the easy 
(English: 88.33%, Tseltal: 63.45%; F(1,56) = 31.56, p < .001, ηp2 = .37) than the hard trials (English: 51.94%, 
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Tseltal: 39.56%; F(1,56) = 5.96, p = .02, ηp2 = .10). Second, language by trial type was significant (F(1,53) = 
20.26, p < .001, ηp2 = .28).However, this interaction was not due to the English-speaking children performing 
better on the egocentric than the geocentric trials and vice versa for the Tseltal-speaking children (again, see 
Figure 2a). In fact, both language groups performed better on the geocentric than the egocentric trials (English: 
75.39% vs. 64.89%, F(1,24) = 4.46, p = .05 ηp2 = .16; Tseltal: 73.05% vs. 29.97%, F(1,31) = 71.05, p < .001, ηp2 
= .70). An analysis of the simple effects showed that the language by trial type interaction was driven primarily 
by the comparatively lower performance of Tseltal-speaking children on the egocentric trials (English: 64.89%, 
Tseltal: 29.97%; F(1,56) = 27.22, p < .001, ηp2 = .33) but not the geocentric trials (English: 75.39%, Tseltal: 
73.05%; F(1,56) = .48, p = .49, ηp2 = .01).   

Lastly, there was a three-way interaction between trial type, block order, and difficulty (F(1,53) = 16.20, 
p < .001, ηp2 = .23). The effect of the three factors is shown in Figure 2b: the order in which the trials were given 
(Ego-to-Geo, Geo-to-Ego) affected the hard, but not the easy trials. For the hard egocentric trials, the group 
tested on the egocentric block first performed better than the group tested on the geocentric block first (Ego-to-
Geo: 42.05% correct vs. Geo-to-Ego: 20.39% correct). For the hard geocentric trials, the group tested on the 
geocentric block first now performed better than the group tested on the egocentric block first (Geo-to-Ego 
65.48% vs. Ego-to-Geo: 51.92%). This finding suggests that the children had a difficult time switching from the 
response pattern of their first block to the requested reference frame of their second block. To examine this block 
order effect in another manner, we also typed participants according to the responses they attempted across the 
six trials (see Table 2). Participants were typed using the same criteria as the open-ended condition, and the effect 
of block was further broken down by language group.    

Table 2 revealed that the effect of block was quite prominent for the English-speaking children. Of the 
25 English-speaking children tested, 23 complied with the experimenter’s instruction in block 1 (11 of 13 
children for the egocentric trials and 12 of 12 in the geocentric trials) and only 2 provided untypable responses. 
For block 2, the number that complied with the experimenter’s instruction was lower. Only 15 complied (7 of 12 
in the egocentric condition and 8 of 13 in the geocentric condition). The other 10 children were classified as 
untypable. The distribution of response types differed for block 1 and block 2 using a 2 (block: 1 vs. 2) x 3 (FoR: 
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Instructed, Other FoR, Untypable) contingency table (FET, p = .018). The same analysis of block was not 
significant for the Tseltal-speaking children (FET, p = .15), although the trend was present for the egocentric 
trials. For the egocentric trials, more children complied with the instructions of the experimenter for the first 
block than the second block (7 of 16 in block 1 vs. 3 out of 16 in block 2), but the rest of the children were 
categorized as giving geocentric responses (7 in block 1 vs. 5 in block 2) or untypable responses (2 in block 1 
and 8 in block 2).  However, for the geocentric trials, all children complied with the instructions of the 
experimenter by responding geocentrically. Overall, Tseltal-speaking children tend to provide the geocentric 
response regardless of instruction.  
Table 2. Distribution of dominant response strategies in English and Tseltal speakers for Experiment 1’s 
instructed conditions broken down by block and trial type. Cells show number of participants. 

 English Tseltal Response Types Egocentric Trials Geocentric Trials Egocentric Trials Geocentric Trials Block 1 Block 2 Block 1 Block 2 Block 1 Block 2 Block 1 Block 2 
Egocentric 11 7 0 0 7 3 0 0 Geocentric 0 0 12 8 7 5 16 16 Object-centric 0 0 0 0 0 0 0 0 Untypable 2 5 0 5 2 8 0 0 

Total 13 12 12 13 16 16 16 16 
  

Language Comprehension Results. To determine the percentage of Tseltal-speaking children who 
“know” left/right terms, we typed each child using two kinds of responses as evidence that they know these 
terms: if on all four trials they correctly chose the animal on the basis of the doll’s left/right (i.e., taking the 
intrinsic (non-ego) object-centered FoR), or if they correctly chose on the basis of their own left/right (i.e., taking 
the relative egocentric FoR). Although adult informants indicated that the use of the possessive marker in the test 
phrase specified for the animal to the doll’s left or right and not the child’s, we opted for a generous criterion by 
also attributing children with left/right knowledge if they ignored the possessive marker and chose on the basis of 
their own perspective. Using these two criteria, only roughly half (53.5% or 23 of 43 children) were typed as 
“knowing” left/right (see Table 3). Table 3 also shows the breakdown by condition (instructed vs. open-ended). 
This is because children in the instructed conditions received explicit input regarding how to label their left and 
right hands and the animals next to their hands during the egocentric block, while the children in the open-ended 
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condition did not. The data from Table 3, however, suggest that labeling did not substantially benefit the children 
in the instructed conditions, since the percentage of children typed as “knowing” left/right was only slightly 
higher in the instructed condition than the open-ended condition (58.6% vs. 42.9% respective, FET, p = .51, n.s.). 
Table 3: Frequency of children typed as “knowing” LR based on consistency across trials for the Doll and 
Animals (Exp. 1-4) and Body (Exps. 2-4) Tasks. Cells indicate number of children with percentage in 
parentheses. The “SUM: ‘know’ LR” group is the sum of the number of children from the Doll’s LR and Child’s 
LR groups. 

   Exp. 1 Exp. 2 Exp. 3 Exp. 4 All 
Children 

of Exps. 2-4 
 (n = 40) 

 
  Instructed 

(n = 29) 
Open-
Ended 

(n = 14) 

All 
Children  
of Exp. 1 
 (n = 43) 

90° Child 
Carry 

(n = 16) 

180° 
Child 
Carry 

(n = 15) 

90° Child 
No-Carry 

(n = 9) 

Do
ll &

 An
ima

ls 
Co

nsi
sten

t 
(4 o

ut o
f 4)

 Doll’s LR 5 (17.2%) 5 (35.7%) 10 (23.3%) 3 (18.8%) 1 (6.7%) 3 (33.3%) 7 (17.5%) 

Child’s LR 12 (41.4%) 1 (7.1%) 13 (30.2%) 3 (18.8%) 2 (13.3%) 1 (11.1%) 6 (15.0%) 
SUM: 

“know” LR  17 (58.6%) 6(42.9%) 23 (53.5%) 6(37.5%) 3(20%) 4(44.4%) 13 (32.5%) 
child/doll same 
facing direction 

(2 out of 2) 
19 (65.5%) 8 (57.1%) 27 (62.8%) 7 (43.8%) 6 (40%) 5 (55.6%) 18 (45%) 

Bo
dy 

Par
ts 

Co
nsi

sten
t 

(7 o
ut o

f 8)
 

“know” LR    8(50%) 3 (20%) 2 (22.2%) 13 (32.5%) 

 
We also typed children a third way, by only considering the two questions in which the doll and the 

child’s left/right matched (i.e., when they both faced the same direction). For these two questions, children 
should not be confused as to whose perspective to take, and could therefore be at ceiling on these two questions. 
However, the percentage of children who correctly identified left and right on these two questions was similar to 
the percentage of children when considering all four questions (62.8% or 27 of 43 children vs. 53.5% or 23 of 43 
children, FET, p = .55, n.s.). Thus, as a first pass, the results from these four comprehension questions suggest 
that a subset of the Tseltal-speaking children do not robustly know “left” and “right.” We will further verify 
whether this is the case with a more extensive set of left/right comprehension questions in another experiment 
(Experiment 5). 
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Consistent with the idea that those who understand the instructions should do better, there is a non-
significant trend that those who were typed as “knowing” left/right scored better on the egocentric trials than 
those who were typed as not knowing (knowers: 37.4% vs. non-knowers: 21.1%, t(27)=1.68, p = .10, 2-tailed). 
Discussion 

This experiment served two functions: to replicate and extend Haun et al.’s (2011) study with Dutch- and 
Hai||om-speaking children to English- and Tseltal-speaking children. Although our results from the replication 
portion of the experiment mirrored those from Haun et al., data from our additional manipulations 
(counterbalancing the order of the egocentric and geocentric blocks for the English-speakers and assessing the 
Tseltal-speaking children’s left/right language comprehension) did not favor the linguistic relativity account.  

With our open-ended task, we first confirmed that there is a strong correlation between habits of 
language use and response preference, in line with previous findings reported in the literature (Brown & 
Levinson, 1993; Pederson et al., 1998; Haun et al., 2011). Having confirmed that by age eight, Tseltal-speaking 
children prefer geocentric responses while English-speaking children prefer egocentric responses, we next turned 
to the instructed conditions: How flexibly could these children solve the task using their language-incongruent 
reference frame? 

Against the linguistic relativity account, we found that English-speaking children were able to 
successfully solve both the egocentric and the geocentric versions of the animals-in-a-row task. Furthermore, the 
data show that the geocentric block was comparatively easier than the egocentric block for English-speaking 
children (why this is so is an issue we take up in Experiment 3). Thus, our finding offers no support for the 
hypothesis that the habitual use of egocentric language causes English-speaking children to perform worse on the 
geocentric versus the egocentric trials.  

Note that this finding is not inconsistent with the data from Haun et al.’s (2011) Dutch-speaking children. 
Specifically, recall that our English-speaking children showed a perseveration effect when asked to switch their 
response type. For example, when English-speaking children were tested on the egocentric before the geocentric 
trials (i.e., Ego-to-Geo), they experienced some difficulty solving the geocentric trials. This finding is not unlike 
the Dutch-speaking children, who after providing six egocentric responses in a row, had difficulty solving the 
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one geocentric trial upon which Haun et al. based their conclusions. We suspect that had Haun et al. tested 
Dutch-speaking children on counterbalanced blocks of Ego-to-Geo and Geo-to-Ego, as they did the Hai||om, the 
Dutch-speaking children would likely have been able to solve the geocentric block just as our English-speaking 
children.  

With respect to the Tseltal-speaking children, we found that they, like the Hai||om-speaking children, 
could easily solve the geocentric but not the egocentric trials. While Haun et al. take this as evidence that 
habitual use of a geocentric reference system in language confers a cognitive advantage for reasoning 
geocentrically and a disadvantage for reasoning egocentrically, we are more cautions and suspect that another 
reason may underlie the Tseltal- and Hai||om-speaking children’s performance on the egocentric block: their 
difficulty with left/right language. There is cause to be wary of the assumption that children from cultures that 
disfavor their use, like the Tseltal and Hai||om, would understand verbal instructions with “left” and “right.” 
Indeed, although Tseltal-speaking children hear left/right terms at school, the preliminary data from our short 
language comprehension task suggest that many children do not have a robust understanding of these terms. 

These findings suggest that while the English-speaking children performed well on both blocks because 
they understood the instructions, the Hai||om- and Tseltal-speaking children naturally performed better on the 
geocentric block for which they understood the instructions. Consistent with this, we note that Tseltal-speaking 
children’s difficulty with the current egocentric trials is at odds with the flexibility that Tseltal speakers exhibited 
in solving the egocentric trials on previous similar spatial rotation tasks (Li et al., 2011). Importantly, for the 
other tasks, participants were not required to decode spatial language that they rarely, if ever, use. Participants 
were shown the expected response, egocentric or geocentric, with the use of nonverbal prompts (e.g., by carrying 
a covered array to the second table so that it either rotated with their bodies or was held constant with the 
environment, and then uncovering the array to check their response).  

In the next three experiments (Experiments 2-4), we therefore explored whether Tseltal-speaking 
children can recreate the array of figurines egocentrically when given instructions that do not rely on their 
understanding of “izquierda” (left) and “derecha” (right). In Experiment 5, with these same children, we further 
probed what this age group knows about these spatial words. We assessed their knowledge post their 
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participation in Experiments 2 through 4 with a simple language comprehension test that Piaget and others have 
found children learning relative language pass by age 6 (Piaget, 1928; Elkind, 1961). More specifically, we asked 
whether they know how the words label the sides of their own bodies. 
 

Experiment 2: Eliminating Left/Right Language 
To eliminate any difficulty presented by the use of left/right language, we tested a new group of Tseltal-

speaking children using non-verbal means to convey the expected response, following the procedures developed 
by Li et al. (2011). Rather than telling the children to use the “left” and “right” sides of their bodies, the animals 
were arranged at the first table on a white square cardboard tray, which was then covered by a white square box 
prior to having the children carry the tray to the second table. In the egocentric condition, the children carried the 
tray so that it rotated with their body as they turned 90° at the second table, while in the geocentric condition the 
children dropped the tray at the second table prior to rotation (see Figure 3a).  

In Experiment 2, children were always tested on the egocentric trials before the geocentric trials since we 
were primarily interested in addressing whether Tseltal-speaking children would be able to produce the 
egocentric response using this non-verbal version of the task. We contrasted this group of children’s performance 
with Tseltal speaking children’s performance in the ego-to-geo condition of Experiment 1. We reasoned that if 
comprehending the left/right instructions was a problem for many of the Tseltal children in Experiment 1, 
performance on the egocentric trials should be higher in Experiment 2 relative to Experiment 1 while 
performance on the geocentric trials should remain roughly the same across the two experiments. However, if 
Haun et al. are correct that children cannot flexibly produce the language-incongruent response, Tseltal speaking 
children should perform similarly across Experiments 1 and 2, with equally poor performance on the egocentric 
trials and equally better performance on the geocentric trials. 
Methods 

Participants and Setup. Sixteen Tseltal-speaking children that had not been tested previously (mean age 
= 7.88 years; SD = .62) were recruited from the same population and were tested under the same conditions as in 
Experiment 1. 
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Procedures. The children were given three familiarization trials at the first table, identical to those in 
Experiment 1. They were next given two familiarization trials using both tables to introduce them to the expected 
solution of the task. For the Egocentric condition, with the help of a native Tseltal-speaking research assistant, 
the children were told that they would use the two sides of their body using the term jejch for ‘side’ rather than 
any left/right terms (“Il a’wil, ta a-baketal, cha’ jejchel”, “Look, your body has two sides”). The research 
assistant then touched the child on each shoulder/arm in turn while naming the animal on the indicated side (e.g., 
“Ja’ te chitam, ay xan ta jejch te a-baketale”, ‘The pig is on this side of your body”). The children were then 
asked to raise each hand and name the animal located at that hand, and to raise the hand towards which the 
animals were looking.   

For the Geocentric condition, the children were asked to point toward sunrise (slok’ib k’aal) and sunset 
(smalib k’aal). They were then shown which animal was located towards each direction (e.g. “Ja’ te chitam, ay 
ta pajk’ in-to bay-e. Ay ta slok’ib k’aal/smalib k’aal”, “The pig is towards that wall there. It is towards 
sunrise/sunset”), indicating the wall of the room as well as the (sunrise/sunset) direction. The children were then 
asked to repeat which animal was located towards sunrise and sunset and to name the direction towards which 
the animals were looking.  

When the children indicated that they were ready, they were instructed to carry the (uncovered) tray to 
the second table.  In the Egocentric condition, the children held the box as they turned at the second table to face 
90° from their original orientation. In the Geocentric condition, the children dropped the box at Table 2 prior to 
turning so that the orientation of the box remained constant with the environment (see Figure 3a).  The box was 
then covered and the children were asked to recreate the array after first naming the animals that were located in 
the appropriate directions (at each hand, towards sunrise/sunset). The cover was then lifted so the children could 
see if their response was correct, and they were prompted to correct any errors.  
The test trials were identical to the familiarization trials, except that the tray was covered at the first table, prior 
to walking to the second table. The children were not prompted to name the animals located at each hand or 
towards sunset/sunrise. The children received three easy followed by three hard trials, as in Experiment 1. For 
each trial, after recording the children’s response, the cover was lifted from the tray so that the children could 
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visually check their answers. In this respect, the procedure deviated from Experiment 1, where the children could 
not visually check their answers. 

 
Figure 3. Setup for (a) Experiment 2 and (b) Experiment 3 for the Egocentric versus the Geocentric trials.  
 
Results 

The percent correct on the test trials were compared with the performance of the Tseltal-speaking 
children in the Ego-to-Geo condition from Experiment 1 (see Figure 4 for the comparison). A 2 (difficulty: easy, 
hard) x 2 (trial type: egocentric, geocentric) x 2 (experiment: Exp.1 Ego-to-Geo, Exp. 2 Tray) ANOVA yielded 
main effects of difficulty (F(1,30) = 31.56, p < .001, ηp2 = .51), trial type (F(1,30) = 29.46, p < .001, ηp2 = .50), 
and experiment (F(1,30) = 14.05, p = .001, ηp2 = .32). These main effects indicate that participants did better on 
the easy (72.83% correct) than the hard trials (53.86% correct), on the geocentric (75.39% correct) than the 
egocentric trials (51.30% correct), and in Experiment 2 (73.44% correct) than Experiment 1 (53.26% correct).   

Table 1 Table 2

EGOCENTRIC TRIALS:

Table 1 Table 2

GEOCENTRIC TRIALS:

a)  90 Turn

Table 1 Table 2

EGOCENTRIC TRIALS:

GEOCENTRIC TRIALS:

Table 2Table 1

b)  180 Turn
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Figure 4. Percentage correct by trial type and difficulty for the Tseltal-speakers only, comparing the Ego-to-Geo 
(Experiment 1, N=16) and Tray (Experiment 2, N=16) conditions. 
 

The ANOVA yielded two significant interactions. The trial type by difficulty interaction (F(1,30) = 6.88, 
p = .01, ηp2 = .19) revealed a bigger difference between the easy and hard trials for the geocentric (easy: 88.37% 
vs. hard: 62.41%; F(1, 31) = 54.43, p < .001, ηp2 = .64) than the egocentric trials (easy: 57.29% vs. hard: 45.31%; 
F(1, 31) = 6.04, p = .02, ηp2 = .16). Crucially, the trial type by experiment interaction was significant (F(1,30) = 
12.06, p = .002, ηp2 = .29),  confirming that the improvement from Experiment 1 to Experiment 2 held only for 
the egocentric trials (Exp 1: 33.51% vs. Exp 2: 69.10%, F(1, 31) = 15.85, p < .001, ηp2 = .35) and not the 
geocentric trials (Exp 1: 73.00% vs. 77.78%, F(1, 31) = 1.31, p = .26, ηp2 = .04).   
 
Discussion 

Experiment 2 yielded two main findings. First, when given clear instructions that did not involve the use 
of left/right terms, the Tseltal-speaking children’s performance improved on the egocentric trials, and to a degree 
similar to the English-speaking children in Experiment 1 who could solve both egocentric and geocentric trials. 
Thus, Experiment 2 provides some evidence that Tseltal-speaking children are comparable to English-speaking 
children in their flexibility to reason in either frame of reference once they understand the instructions.  

Second, while the Tseltal-speaking children could solve the egocentric trials, they nonetheless showed a 
small overall advantage for the geocentric trials. This geocentric advantage is present despite likely perseveration 
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costs of switching from egocentric trials to geocentric trials. Recall also that this geocentric advantage was 
present in the English-speaking children of Experiment 1, and contrasts with the egocentric advantage found by 
Li et al. (2011) when testing Tseltal speakers on similar tasks. What could account for this discrepancy? One 
important difference concerns the 90° turn we used here versus the 180° turn used by Li et al., together with the 
close distance between tables. Studies in the spatial cognition literature, mainly testing speakers of languages that 
make use of left/right language, show that we mentally update the relationship of objects and how they look from 
our new perspective as we move, thereby maintaining a stable representation of the objects with respect to the 
environment (e.g., Rieser,1989; Presson, & Montello 1994; Farrell & Robertson, 1998; Simons & Wang, 1998). 
The representation of the objects with respect to the environment differs from and can compete with the 
representation of the objects as we initially viewed them. Some studies involving detecting changes in an array of 
objects or locating items hidden in containers show that under some circumstances our ability to detect changes 
or find the hidden object is better when the display matches the geocentric view than the egocentric view 
(Burgess, Spiers, & Paleologou, 2004: compare their S vs. ST conditions to our “geo” vs. “ego” conditions; 
Nardini, Burgess, Breckenridge, Atkinson, 2006: compare their child-move vs. both-move conditions to our 
“geo” vs. “ego” conditions). 

This ability to update can be mediated by both the distance travelled and the degrees of displacement: 
The greater distance and degrees, the harder it is to update how objects look in the new position (e.g., Waller & 
Hodgson, 2006; Etienne, Maurer, & Saucy 1988; Brockmole & Wang, 2005). Thus, updating will likely be more 
difficult for 180° than for 90°. Additionally, perhaps more importantly, seeing the same landmarks in the 
environment at a second location will prime and strengthen the geocentric representation (e.g., Etienne, Maurer, 
& Séguinot, 1996; Burgess, Spiers, & Paleologou, 2004; Nardini, Burgess, Breckenridge, Atkinson, 2006; Mou, 
Zhang, & McNamara, 2009). In our study, with a 90° turn, although the children could no longer view the first 
table, they could still see the side of the room where they initially memorized the array. With a 180° rotation, 
participants can no longer see the part of the room where they initially viewed the array, making it more likely 
for them to use their own bodies as a point of reference.  
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There is evidence to suggest that at least the distance traveled between two tables could affect which 
frame of reference is privileged (Haun et al., 2006 vs. Rosati, 2015). Haun et al. (2006) and Rosati (2015) both 
trained non-human primates to find baited food underneath one cup amongst three at the first table, and then 
tested under which cup (allocentric/geocentric or egocentric) their subjects would search for the food amongst 
three identically arranged cups at the second table. Haun et al. (2006), who set up the two tables abutting each 
other, found that their subjects favored the allocentric/geocentric cup. Rosati (2015), who set up the tables further 
apart with a hallway in-between, found that her subjects favored the egocentric cup.  

In the next experiment, Experiment 3, we therefore turn to the question of whether changing to the 180° 
rotation used in Li et al., could reduce the geocentric advantage seen for the 90° rotation. If it does, the finding 
would provide a possible explanation of why the patterns of geocentric or egocentric advantage differ between 
the current studies and Li et al (2011). More importantly, this experiment will serve as an internal replication of 
whether Tseltal children can easily solve the egocentric trials, and do so under the 180° rotation employed by 
much of the earlier work (e.g., Pederson et al., 1998; Majid et al. 2004; Li et al. 2011). 
 

Experiment 3: 90° vs. 180° turn 
Methods 

Participants and Setup. Fifteen Tseltal-speaking children that had not been tested previously (mean age 
= 8.67 years, SD = .49) were recruited from the same population as the previous experiments. The children were 
tested under similar conditions in the same manner.  

Procedures. The same procedures were followed as for Experiment 2, except that the children turned 
180° to walk to the second table. The tables were spaced approximately 3 meters apart with no divider in 
between. Following the procedures for Li et al. (2011), on the egocentric trials the children carried the tray of 
animals so that it rotated with their bodies. On the geocentric trials, the children picked up the tray as they turned 
so that it did not rotate (see Figure 3).   

Results. 



28 
 
 The percent correct on the test trials was compared with the performance of the Tseltal-speaking children 
in the 90° Tray condition from Experiment 2. A 2 (difficulty: easy, hard) x 2 (trial type: egocentric, geocentric) x 
2 (rotation: 90°, 180°) ANOVA yielded a main effect of difficulty (F(1,29) = 16.19, p < .001, ηp2 = .36), with the 
children as expected doing better on the easy (78.9% correct) than the hard trials (64.3% correct). Most 
importantly, there was a significant interaction between trial type and rotation (F(1,29) = 8.35, p = .007, ηp2 = 
.22). Analysis of the simple effects confirmed that the geocentric advantage observed with the 90° rotation in 
Experiment 2 (ego: 69.1%, geo: 77.8%; t(15) = 2.76, p = .02), was eliminated with the 180° turn here. In fact, 
there was a trend towards better performance on the egocentric than the geocentric trials (ego: 75.4%, geo: 
64.0%; t(14) = 1.80, p = .04, one-tailed). There were no other main effects or interactions (p’s > .06) (see Figure 
5).  

 
Figure 5. Percentage correct by trial type and difficulty for the Tseltal-speakers only, comparing the 90° Tray 
(Experiment 2, N=16) and 180° Tray (Experiment 3, N=15) conditions. 
  
Discussion 

Experiment 3 confirmed the main finding of Experiment 2. When given instructions that did not rely on 
left/right language, Tseltal-speaking children can solve the egocentric trials. In fact, pooling together children 
from both Experiments 2 and 3, children’s performance on the egocentric trials was no worse than their 
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performance on the geocentric trials.  Furthermore, consistent with the findings of Li et al. (2011), the small 
geocentric advantage observed in Experiment 2 was eliminated with 180° rather than a 90° rotation. These results 
support the conclusion that task constraints are a stronger determinant of task performance than language on non-
open-ended tasks. That is, language use did not correctly predict which frame of reference should be advantaged. 
Instead, inferences drawn from prior studies on English speakers’ spatial reasoning (e.g., Burgess, Spiers, & 
Paleologou, 2004; Nardini, Burgess, Breckenridge, Atkinson, 2006) better explain how changes in table setup 
might shift Tseltal speakers’ performance in favor one reference frame over the other.  

In the next experiment, we address a concern previously raised by Levinson and colleagues that Tseltal-
speaking children could have evoked alternative coping strategies to succeed on the egocentric trials 
(Bohenmeyer & Levinson, 2011; Levelt, 2005). Specifically, carrying the stimuli to the second table may have 
assisted the children. That is, the children could have kept their eyes and fingers fixated on the cover to help 
remember the relative positions of the animals underneath. They could then simply remember which animal was 
located near each hand as they carried the tray using an egocentric intrinsic FoR (e.g., ‘the cow is near my left 
hand’), rather than an egocentric relative FoR (e.g., ‘the cow is to the left of the pig’).1 Since the former but not 
the latter can be expressed in Tseltal, Levinson and colleagues have therefore argued that the use of such a 
mnemonic while carrying the tray is not incongruent with the resources in the language and allows participants to 
compensate for their lack of an egocentric relative FoR. While we note that such a mnemonic would have been 
difficult to operate over the entire array of six figures on the hard trials2, to address the possibility that the 

                                                      1 Recall Levinson (2003) defines intrinsic FoR as a binary relation involving a figure (cow) and a ground that also serves as 
the coordinate system (me, my left). He defines the relative FoR as a tertiary relation between a figure (cow), a ground (pig), 
and a viewer-centered coordinate system (my left). 2 We also note that while Levinson and colleagues (Bohenmeyer & Levinson, 2011) argue that relative FoRs are 
computationally more difficult than intrinsic FoRs, and thereby unavailable conceptually. However, there are reasons to 
believe otherwise. First, many would grant that humans have “egocentric snapshot” memories that capture spatial 
relationships between entities within a scene (Wang & Spelke, 2000; Burgess, 2006). Such a representation is exactly what 
Levinson (2003) is calling relative FoR. Second, people hearing relative FoR expressions for the first time exhibit no 
difficulties coming up with appropriate possible interpretations for the expressions. Shusterman and Li (in press) showed 
that children who did not know the meanings of “left” and “right”, when taught novel spatial words to label the sides of their 
bodies (“Your body has a ziv side and a kern side. This is your ziv side, and this is your kern side.”), could correctly 
interpret relative expressions (“Can you point to the envelope ziv of the ball.”). Similarly, Li et al. (2011) showed that 
Tseltal-speaking adults who knew the Tseltal equivalents for labeling their own “left” and “right” hands could interpret 
novel relative expressions (“Which coin is to the left of the red cup?”). 
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children in some way benefitted from carrying the tray, in Experiment 4, the experimenter carried the tray to the 
second table.  
 

Experiment 4: Non-carry Tray 
Methods 

Participants and Setup. Nine Tseltal-speaking children that had not participated in the previous 
conditions (mean age = 9.11, SD = .33) were tested under the same general conditions as in the previous 
experiments.  

Procedures. Like the previous experiments, the experiment included familiarization trials, followed by 
test trials, and then by language comprehension trials. The procedures were exactly identical to those of 
Experiment 2, except on the test trials: The experimenter, instead of the child, carried the covered tray of animals 
to the second table. On the egocentric trials, the experimenter placed the tray so that the array inside matched the 
child’s left/right perspective. On the geocentric trails, the experimenter placed the tray so that the orientation 
remained stable with respect to the environment. Because the experimenter did not move in sync with the child, 
the child could not have easily fixed their gaze on the tray.  
Results  
 The percent correct on the test trials was compared with the performance of the Tseltal-speaking children 
in the (Carry) Tray condition from Experiment 2 (see Figure 6). A 2 (difficulty: easy, hard) x 2 (trial type: 
egocentric, geocentric) x 2 (carrying: Child Carry, Child No-Carry) ANOVA yielded a main effect of difficulty 
(F(1,23) = 21.68, p < .001, ηp2 = .49), with the children doing better on the easy (80.9% correct) than the hard 
trials (62.9% correct). The effect of difficulty, however, varied by trial type (F(1,23) = 7.27, p = .01, ηp2 = .24). 
Analysis of the simple effects showed that the geocentric advantage was present on the easy trials (Geo Easy: 
87.3% correct vs. Ego Easy: 74.4% correct, t(24) = 3.21, p < .01), but not on the hard trials (Geo Hard: 60.7% vs. 
Ego Hard: 65.1%; t(24) = 86, p = .40, n.s.). No other effects or interactions were significant (p’s > .05). Carrying 
the tray did not lead to better performance on either the egocentric trials (Carry: 69.1% vs. No Carry: 71.0%; 
t(23) = .25, p = .81, n.s.) or the geocentric trials (Carry: 77.8% vs. No Carry: 67.3%; t(23) = 1.88, p = .07, n.s.). 
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Hence, performance on the egocentric trials cannot be explained by the use of strategies such as keeping one’s 
fingers or eyes on the covered tray.   

 
Figure 6. Percentage correct by trial type and difficulty for the Tseltal-speakers only, comparing the 90° Child 
Carry (Experiment 2, N=16) and 90° Child No-Carry (Experiment 4, N=9) Tray conditions. 
 
   
Discussion 
 In Experiment 4, the experimenter carried the tray to the second table, thus removing the possibility that 
children could rely on alternative strategies, such as putting one’s fingers on the tray and cover, or staring at 
locations on the cover to help remember which animals lie beneath. Yet, children’s performance for both the 
egocentric and geocentric trials was not worse than children’s performance in Experiment 2, thus ruling out the 
proposal that children benefitted from carrying the stimuli to the second table. 
 Importantly, the results from Experiment 4 confirmed the findings from Experiments 2 and 3: When the 
instructions do not rely on understanding left/right language, Tseltal-speaking children have no difficulty solving 
the egocentric trials. 

Experiment 5: Language Assessment 
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Following their participation in Experiments 2 through 4, Tseltal-speaking children were assessed for 
their knowledge of “izquierda” (left) and “derecha” (right) to verify Experiment 1’s finding that only a subset of 
the population are familiar with the words. Additionally, by looking for a correlation between children’s 
language comprehension and their performance on the egocentric trials of the animals-in-a-row task, we ask 
whether, in support of the linguistic relativity hypothesis, children who have acquired left/right language are 
more proficient at remembering and reasoning about the relations of objects from an egocentric-relative 
perspective.  
Methods 

Children were first tested on the “Doll and Animals” task of Experiment 1, allowing us to compare the 
performance of this group with that of Experiment 1. The task was followed by a “Body Parts” task, which 
assessed children’s ability to identify their own left and right with commands such as “raise your left arm”, or 
“move your right leg” (“toya te a-k’ab ta izquierda”, or “tija te a’w-akan ta derecha”). We chose this task 
because it is a task that children learning a language that uses a left-right reference system pass by age 6 (Piaget, 
1928; Elkind, 1961), and is known to be easier than tasks that require determining the left/right sides of others, 
such as that of a doll, which may require mental rotation if the doll’s perspective mismatches that of the child. 
We reasoned that knowing how “left” and “right” terms map onto one’s own body is sufficient to allow children 
to understand the instructions involving left/right language for the animals-in-a-row task. 

To more easily type children, for the Body Parts Task, children received eight trials to raise/move their 
body parts, one for each arm/leg while facing towards and then away from the experimenter. Changing the 
children’s facing direction allowed us to check that they understood that the words were tied to their own body 
rather than other entities in the environment. 
Results and Discussion 

For the Doll and Animals task, we scored children on correctness in two ways just like Experiment 1: 
once on the basis of the doll’s left/right and once on the basis of the child’s left/right (see Table 3 for the 
summary). The distribution of children in Experiments 2-4 typed as “knowing” LR vs. not “knowing” LR did not 
differ compared to the distribution for Experiments 1 (Exps. 2-4’s children vs. all of Exp. 1’s children, FET, p = 
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.08, n.s.). Children’s scores on the Doll and Animals task, when coded on the basis of the doll’s left/right, were 
highly correlated with were their scores on the Body Task (Spearman’s  = .53, p < .001). If we use the criterion 
of classifying children as “knowing” left/right terms if they answered 7 out of 8 questions correctly3 on the Body 
Parts task (see Table 3), 70% of the children were classified in the same way as the Doll and Animals task, 
suggesting that the two ways of classifying yields similar results (McNemara χ2(1) = .08, p = .77). The Doll and 
Animals task is therefore a reasonable first approximation of children’s left/right knowledge, despite having only 
four questions. 

(a) 

 (b) 

 Figure 7. Distribution of the number of questions answered correctly on a) the Doll and Animals Task (out of 4) 
and b) the Body Parts task (out of 8) for Experiments 2-4. 
                                                      3 We chose the criterion of at least 7 out of 8 correct because probability of getting 7 out of 8 correct is .03, under the .05 
cut-off. With the Doll and Animals task, the probability of being typed a “knower” by chance is much higher (p = .125 for 
the doll’s perspective and the child’s perspective combined).  

0
0.1
0.2
0.3
0.4
0.5
0.6

0 1 2 3 4

Pro
por

tio
n o

f Ch
ild

ren

# of Qs Correct (out of 4) from doll's perspective

Exp. 2 (n=16)
Exp. 3 (n=15)
Exp. 4 (n=9)
All Groups (n=40)

0.00
0.10
0.20
0.30
0.40
0.50
0.60

0 1 2 3 4 5 6 7 8

Pro
por

tio
n o

f Ch
ild

ren

# of Qs Correct (out of 8)

Exp. 2 (n=16)
Exp. 3 (n=15)
Exp. 4 (n=9)
All Groups (n=40)



34 
 

 
The results from the language assessment (see Table 3 and supplemented by Figure 7) confirmed that 

some of the Tseltal-speaking children had not yet correctly and consistently mapped the left/right terms, despite 
the fact that teachers report explicitly teaching these terms in school.. Nevertheless, some children did know 
these terms. Figure 7, especially Figure 7b, shows a roughly bimodal distribution of the number of questions 
answered correctly; one cluster of children were always correct, while another centered around chance correct. Is 
it possible that children’s overall success on the egocentric trials was carried by those children who know 
left/right as predicted by the linguistic relativity position? Testing for a positive correlation between egocentric 
task scores and language comprehension scores, however, we found no such relationship.  
Table 4. Correlation between performance on the Body Parts task and the Egocentric trials for children from 
Experiments 2-4. Combining children from Experiments 2-4, there was no correlation between knowledge of LR 
and performance on the Egocentric trials. For completeness, we included the correlations and means for each 
experiment separately (gray cells), though noting that the sample size is extremely small to make the analyses 
truly meaningful.  Correlation between Egocentric Trials & Body Task Children Split by LR Body Task score Cells show mean % correct on Egocentric Trials (stderr) 
 “know” LR do not know LR 

Exp. 2 90° Child Carry (n = 16) Pearson’s r = -.05, p = .86 
Spearman’s  = .14, p = .61 67.2% (7.9%) n = 8 71.0% (2.9%) n = 8 

Exp. 3 180° Child Carry (n = 15) Pearson’s r = .38, p = .16 
Spearman’s  = .43, p = .11 84.3% (6.0%) n = 3 73.1% (4.4%) n = 12 

Exp. 4 90° Expmtr Carry (n = 9) 
Pearson’s r = -.59, p = .09 

Spearman’s  = -.60, p = .09 
60.4% (16.0%) n = 2 74.0% (8.3%) n = 7 

Combined Exps. 2-4 (n = 40) Pearson’s r = -.12, p = .45 
Spearman’s  = -.07, p = .66 70.1% (5.7%) n = 13 72.7% (2.9%) n = 27 

  
Table 4 presents the non-significant correlations between the performance on the Body Parts and the 

Egocentric task (all p´s > .09). When we split the children by their left/right knowledge, we found no differences 
in the percentage correct on the Egocentric task between children who “knew” and did not know the left/right 
terms within and across experiments 2-4 (knowers vs. non-knowers: 70.1% vs. 72.7%, t(38) = -.46, p = .65).  
Discussion 

To summarize, only some of the children in this population could be attributed as knowing “left” and 
“right.” This may explain why children had difficulty in Experiment 1 because they failed to understand the 



35 
 
testing instruction that made use of “left” and “right” language. Furthermore, across Experiments 2-4, having 
robust left/right linguistic knowledge did not transfer into better performance on the egocentric trials. Contrary to 
the predictions of linguistic relativity, the children’s success on the egocentric trials in Experiments 2-4 appears 
to be independent of their language use.  

General Discussion 
We began with a case study in the domain of spatial cognition used to address the general question of 

how much our cognitive make-up is shaped over ontogenetic development by language learning and use. While 
all humans may begin life with a similar capacity for representing spatial relationships, they have to learn the 
specific linguistic system favored by their community. Linguistic relativity effects have been argued to come 
about through either language acquisition or extensive language use. Through learning language, children may 
build on or extend universally given cognitive capacities (Levinson, 2001; Carey, 2009). Through habitual 
language use, speakers may gain practice and facility in the use of their culturally preferred system (Whorf, 
1956). Furthermore, it has been argued that certain systems require speakers to maintain a background 
representation of difficult-to-encode relationships, such as left-right or north-south, so that one is always 
prepared to converse with other members of one’s speech community (Levinson, 2003). As a result of such 
background computations, speakers gain greater competency and develop a preference to reason about space 
using language-congruent over language-incongruent reference frames. 

Evidence in support of language driven cognitive process has mainly come from open-ended studies in 
which speakers tend to respond in a language-congruent manner when asked to find or recreate the “same” 
spatial array. Proponents of linguistic relativity take this tendency as evidence of speakers’ cognitive preference 
for and possibly greater facility with reasoning in a language-congruent manner. However, as Li et al. (2011) 
pointed out, a preference for language-congruent responses on open-ended tasks may have other origins (see also 
Li, Dunham, and Carey, 2009; Papafragou, Hulbert, Trueswell, 2008). Speakers might prefer a response, not 
because they find the frame of reference more cognitively accessible or easier to use, but because the norms of 
their speech community color how they interpret the intent of the tasks. Non-open-ended tasks that examine 
speakers’ fluency in solving spatial tasks using specific reference frames are therefore useful for understanding 
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the origin(s) of these preferences. Hence, in the tradition of cognitive research that makes use of error rates and 
patterns to infer cognitive representations, two recent follow-ups tested how speakers would respond on tasks 
that require correct answers. The researchers reasoned that if language affects speakers’ flexibility in spatial 
reasoning, speakers should find providing answers that are congruent with the preferred FoR in their language 
easy, but exhibit difficulties when the answers are incongruent (Haun et al. 2011; Li et al 2011, Abarbanell, 
2010). However, the findings between two sets of researchers, Haun and colleagues and Li and colleagues were 
seemingly contradictory. While Li and colleagues’ found that speakers demonstrated cognitive flexibility and did 
not always preferentially represent spatial relations in the language-congruent manner, Haun et al. (2011) did not.  

The present studies reconciled these contradictions by demonstrating that two factors which Haun et al. 
(2011) did not consider could very well explain their results: response perseveration and the inability of the 
children they tested to understand the spatial terms that were used in their instructions. Haun et al. found that 
Dutch-speaking children had difficulty switching from their preferred egocentric response to the instructed 
geocentric response, but did not consider that the difficulty could be due to perseveration rather than a general 
difficulty in responding geocentrically. Likewise, although Haun et al. found that Hai||om speakers performed 
poorly on the egocentric trials regardless of whether the trials were presented before or after the geocentric ones, 
Haun et al. did not consider the possibility that some children may not have understood the instructions involving 
infrequent “left” and “right” vocabulary (Widlok, 1997). 

The present study tested same-age English and Tseltal speaking children whose spatial languages have 
been classified to be the same as that of Dutch and Hai||om, respectively (Pederson et al., 1998; Majid et al. 
2004). Moreover, on open-ended tasks, when left to their own interpretations, English and Tseltal speakers, just 
like Dutch and Hai||om speakers, respectively prefer the egocentric and the geocentric responses, in line with 
their language preferences (Experiment 1; Pederson et al., 1998; Majid et al. 2004). Importantly, our study went 
beyond Haun et al.’s study in three ways: by testing both groups of speakers with counterbalanced (egocentric vs. 
geocentric) FoR trials, assessing Tseltal speakers’ comprehension of infrequently used “left” and “right” 
vocabulary, and providing instructions to create egocentric arrays without such vocabulary.  
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With counterbalanced order of egocentric and geocentric blocks, we found that English-speaking 
children had no difficulty providing the geocentric response relative to the egocentric response. We also found 
robust evidence of FoR perseveration in our English-speaking children on the more difficult trials. Performance 
for each condition was better when tested on the first block than on the second, indicating that those who began 
the trials with the geocentric condition had difficulty switching to the egocentric condition and vice versa. 
However, the perseveration effect was not statistically significant in Tseltal-speaking children, possibly because 
many children did not understand the egocentric instructions in the first place and thus would not have been 
affected by requests to switch FoR. That said, there was a hint of perseveration in Tseltal-speaking children’s 
data (see discussions on Exp. 1/Table 1). The same pattern was actually also observable in Haun et al.’s Hai||om-
speaking children, where the medians and interquartile ranges for both egocentric and geocentric conditions were 
lower for the second block than the first block (see their Exp. 4, Figure 6). Thus, perseveration is a true concern 
for the interpretation of Haun et al.’s results. 

With respect to the instructions for the egocentric condition in Tseltal, our Experiment 1 used left/right 
terms that Tseltal teachers reportedly introduced during lessons. However, upon testing children’s understanding 
of these spatial terms after the animals task, we found that only about a third of the children had worked out their 
meanings (Exp. 5). It appears then that despite children’s exposure to left/right language in school, the amount of 
input was insufficient for many of them to acquire these terms. Tseltal-speaking children’s poor performance on 
the egocentric trials was therefore likely due to their difficulty understanding the instructions. We suspect 
Hai||om-speaking children, like our Tseltal-speaking children, may not have had command of the left/right 
vocabulary used in their instructions either. Consistent with this, Haun et al. noted that in their familiarization 
phase the children required more training and practice trials to correctly align two animals egocentrically than 
geocentrically.  

After taking into account alternative explanations for Haun et al.’s results and considering the extant 
data,  we found no support for the position that habitual language use leads to greater facility in representing the 
FoR that is congruent with one’s language. When given instructions that required no knowledge of left/right 
terms (Exps 2-4) the Tseltal-speaking children’s performance on the egocentric trials was comparable to that of 
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the geocentric trials (Exp. 1). Following Li et al. (2011), the new instructions indicated which FoR the children 
were expected to use when reconstructing the array by how the tray of figurines was carried from Table 1 to 
Table 2. We believe this methodology did not fundamentally change the problem the children had to solve as 
their performance on the geocentric condition in Experiments 2 through 4 was similar to the children’s 
performance when given verbal instructions in Experiment 1. Furthermore, their performance remained similar in 
Experiment 4 when the experimenter, rather than the children, carried the tray. This rules out the possibility that 
the children used an alternative, language-congruent strategy such as keeping their fingers and eyes on the 
locations of where the figurines resided beneath the tray cover.   

We found no evidence that children always found it easier to reproduce the language-congruent arrays 
than the language-incongruent ones. In some contexts, we even observed the opposite pattern. For example, in 
Experiment 1, we found that English speakers were actually better at reproducing the geocentric (language-
incongruent) array of animals than the (language-congruent) egocentric array. Similarly, in several tasks 
involving two table set-ups as in the present study, Li et al. (2011) found that Tseltal speakers were sometimes 
better at recreating or identifying the (language-incongruent) egocentric array than the (language-congruent) 
geocentric one. We suggest that which requested array is easier to reproduce in these studies is determined 
primarily by our innately endowed spatial updating process rather than our language habits. Consistent with this 
possibility, we found that manipulating the proximity and positioning of the testing tables (Exps. 2 vs. 3) affected 
the relative advantage of geocentric and egocentric responses in the direction predicted by prior cognitive studies 
(Burgess, Spiers, & Paleologou, 2004; Nardini, Burgess, Breckenridge, Atkinson, 2006). In general, our data 
suggest that the relationship between language and thought does not appear to be one-to-one. There is converging 
evidence that nonlinguistic representations of location and direction are richer and afford computations beyond 
the FoR favored by one’s language.  

Could it be, however, that these studies merely demonstrate speakers’ competence, but not their cognitive 
preference? That is, do these studies merely show that speakers have the competence to reason in FoRs that are 
incongruent with their language when asked, but still have a cognitive preference for the FoR favored by their 
language? Levinson and colleagues have suggested that non-opened tasks test competence and are not conducive 



39 
 
for addressing cognitive preferences, which they argue are better assessed by open-ended tasks (Bohnemeyer & 
Levinson, 2011; Haun et al. 2011). A large body of psychological research, however, has made use of error rates 
and error patterns from non-open-ended tasks to assess cognitive representations. In Li et al. (2011), Haun et al. 
(2011), and the present study, participants performed below ceiling, allowing us to make inferences on how 
speakers are solving the problem on the basis of the error patterns. For example, Li et al.’s Experiment 3 had 
Tseltal speakers sit in a swivel chair. Each participant watched as an experimenter hid a coin in one of two boxes 
to his left/north or right/south side. Then with eyes closed, the participant was rotated to face another direction, 
after which, he had to open his eyes and indicate where the coin was hidden. It turns out the number of errors 
were a function of the degree of rotation; the greater the degree of the rotation at coin retrieval from the initial 
coin hiding orientation, the greater the error. This suggests that the participants’ memory of the hidden location 
was actually egocentric viewpoint-dependent. Had they encoded the relation of the hidden coin with respect to 
the proximity of landmarks (“north box” or “next to the door”) rather than themselves (“my left”), the number of 
errors would have been invariant of the degree of rotation. Li et al.’s Experiment 4 provided another instance of 
Tseltal speakers using egocentric viewpoint to remember object locations. This time, participants saw a tabletop 
array of three cups in V configuration and watched as a coin was hidden in one of them. The cups sat on a 
circular board which the experimenter then carried over to the second table, like the present Experiment 4. The 
participants then had to walk over to the second table to retrieve the hidden coin. It turns out the participants 
were affected by the relative relations of the cups between the two tables. Tseltal speakers made fewer errors if 
the relative relations of the cups were oriented egocentrically than geocentrically. Altogether, contrary to 
Levinson and colleagues, these studies show that speakers’ cognitive preference does not always align with their 
linguistic preference, and provide evidence that speakers often reason about spatial tasks in the same way, 
regardless of language use. 

We are nonetheless sympathetic to the position that the habitual use of a FoR in language might 
influence speakers’ cognitive preferences by making the underlying concepts more salient for deployment in the 
service of cognition, although this seems to be more plausible for spatial relationships that are less readily 
available than the ones tested here (Abarbanell & Li, 2009; under review). We also do not doubt that language 
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can be a useful tool for encoding and rehearsing spatial relations, and may be a resource that we could recruit in 
problem solving (Baddeley, 1986). However, the present findings argue decisively against the strong claims of 
linguistic relativity that have been made for this domain (Levinson, 2003). Navigation and spatial reasoning 
require multiple FoRs (see e.g. Burgess, 2005; Gallistel, 2002). As such, is it really sensible to think that the lack 
of linguistic expressions to express a FoR really mean that the underlying representations are not sufficiently 
exercised, practiced, or used? What about practice gains through the use of a linguistic FoR? As Levinson (1996) 
states, “it seems prima facie quite clear that speakers of [an absolute] language and I simply MUST code our 
experiences differently… in such a way that we can describe them later.” (p. 27). But is this assumption valid? 
Must Tseltal-speakers constantly track where uphill resides and align new information learned about locations 
with this coordinate framework in order to communicate? Alternatively, Tseltal-speakers might be able to 
compute the appropriate directions at a moment’s notice without constant tracking. After all, the salient hill on 
which they reside could provide an easy visual for determining uphill-downhill directions. Given the extant date, 
we are inclined to believe that perhaps Tseltal speakers encode spatial scenes in much the same way as you and I 
do, relying on the same cognitive hardware and processes that allow them to construct or select online the 
representation required by their language.  
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