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In everyday communication, speakers and listeners make sophisticated inferences about their conversation
partner’s intended meaning. They combine their knowledge of the visuospatial context with reasoning
about the other person’s knowledge state and rely on shared assumptions about how language is
used to express communicative intentions. However, these assumptions may differ between languages
of nonindustrialized—where conversations often primarily take place within a, so-called, society of
intimates—and industrialized cultures—societies of strangers. Here, we study inference in communication
in the Tsimane’, an indigenous people of the Bolivian Amazon, who have little contact with industrialization
or formal education. Using a referential communication task, we probe how Tsimane’ speakers refer to
objects in the world around them when there are potential ambiguities (e.g., referring to a cup when there
are multiple cups in view) across different visual contexts. Using an eye-tracking task, we probe the real-
time inferences that Tsimane’ listeners make about the speaker’s intentions. We find that Tsimane’ speakers
use visual (color, size) contrasts to disambiguate referents (e.g., “Hand me the small cup”), much like
English speakers, and they predictively direct their gaze to objects in a contrast set when they hear a modifier
(e.g., “small”). Despite myriad cultural and linguistic dissimilarities between the two populations, the qual-
itative patterns of behavior and eye-gaze of Tsimane’ and English speakers were strikingly similar, suggest-
ing that the communicative expectations underlying many everyday inferences may be shared across
cultures.
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A primary function of language is to allow us to describe the world
around us to others (Tomasello, 1999). When communicating about
an object that they perceive, the speaker’s goal is to design a linguistic
utterance that will allow the listener to identify the same object. The
listener’s goal is to decode the linguistic signal and link its meaning
to a percept in their environment. These types of commonplace
exchanges rely on a number of cognitive faculties and social

processes, from visual perception to reasoning about the knowledge
state of the conversation partner. The linguistic forms that are chosen
by speakers, and how they are interpreted by listeners, reflect both
shared cognitive mechanisms (e.g., the ability to judge which of
two similar objects is smaller) and cultural knowledge (e.g., conven-
tional mappings between words and meanings). Yet, they have pri-
marily been studied in so-called WEIRD (western, educated,
industrialized, rich, and democratic) cultures (Henrich et al., 2010).
These samples, though most accessible to many researchers, may
lead to biased conclusions about the basic nature of human cognitive
processes and behaviors (Gurven, 2018). For example, aspects of per-
ception and decision-making that were thought to be universal (e.g.,
perception of musical dissonance, spatial reasoning, and cost–benefit
analysis), seem to be adaptations to WEIRD environments (e.g.,
Flynn, 2007; Henrich et al., 2001; Jacoby et al., 2019; Pitt et al.,
2021). Communication—sitting at the nexus of cognition and cul-
ture—may be particularly important to study cross-culturally. In
what follows, we review the literature on reference in communication
and discuss how behavioral patterns thought to be universal may be
subject to cultural adaptation. We then report empirical findings
from a study of production and comprehension of referential expres-
sions in the Tsimane’, a nonindustrialized group indigenous to the
Bolivian Amazon. We observe striking similarities in communicative
behaviors, suggesting that basic aspects of how we design and inter-
pret references to objects in our environment may be invariant to cul-
ture and rely primarily on shared cognitive mechanisms, such as
visuospatial processing and pragmatic inference.
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Producing and Understanding Reference

Studies of English and languages from a few other industrial-
ized cultures have shown that there is a tight coupling between
how speakers use referential expressions (e.g., “this dog,” “the
small cup,” etc.) and how listeners predictively infer what the
speaker is referring to. This link motivates the construal of speak-
ers and listeners as rational agents engaged in a cooperative task
(Degen et al., 2020; Goodman & Frank, 2016; Heller et al.,
2016; Zaslavsky et al., 2018). As proposed by Grice (1975),
speakers design utterances that will be optimally informative for
the listener (Olson, 1970; Clark & Wilkes-Gibbs, 1986), and lis-
teners make sophisticated pragmatic inferences about the speak-
er’s intended message (Chambers et al., 2002; Sedivy et al.,
1999). For instance, when they hear “Hand me the big…,” listen-
ers anticipate the referent to belong to a pair with a smaller item
(e.g., a big cup and a small cup). This inference is thought to reflect
the listener’s expectation that speakers aim to say enough to
deliver an unambiguous message, but no more than necessary
(i.e., the speaker would not have said “big” unless omitting it
might cause confusion).1

Further, the likelihood of this contrastive inference appears to
be closely tied to the statistical distribution of referents and adjec-
tives that listeners experience in the world. While size adjectives
are only used to describe an object when a larger or smaller version
is also present, color adjectives are often produced even in situa-
tions where the referent is unique (Brown-Schmidt & Konopka,
2011; Pechmann, 1989; Rubio-Fernández, 2016; Sedivy, 2005).
Some have argued that this redundancy is due to the visual sali-
ence of color (Arts et al., 2011; van Gompel et al., 2019). Other
accounts of this asymmetry have argued that the redundant use
of color adjectives is consistent with there being a more stable
mapping between color words and the color concepts they iden-
tify, relative to the mapping between size words and concepts
(Degen et al., 2020; Kennedy & McNally, 2005; Sedivy, 2003).
For example, “red” consistently picks out more or less the same
property, whether it is in reference to a “red cup” or a “red build-
ing” (but see Cohen & Murphy, 1984). In contrast, the same size
adjective can be used to refer to many different conceptual sizes
(e.g., “big cup” vs. “big building”). It follows that including a
size adjective in an object description, in the absence of a contrast,
provides minimal information about the identity of the referent.2

Thus the speaker’s choice to include a size adjective should be
highly diagnostic of a contrast, whereas the inclusion of a color
adjective should be less diagnostic. Indeed, listeners are less likely
to draw a contrastive inference when they hear a color adjective
(Sedivy, 2003) than when they hear a size adjective (but see
Aparicio et al., 2016).

The Role of Culture

Human languages are highly diverse in their sound inventories
and patterns, their morphology and syntax, and even the ways that
words carve up meaning space (Evans & Levinson, 2009;
Thompson et al., 2020). Their forms are the product of cultural evo-
lution constrained by cognitive pressures (Smith & Kirby, 2008). In
particular, the industrialization of a culture can impact referential
communication in multiple ways. For instance, education (in the
WEIRD tradition) affects how people construe similarities between

entities in the world (Tanaka & Taylor, 1991). Industrialized popu-
lations tend to group objects into categories based on taxonomic
properties while traditional societies often draw category boundaries
related to their experience with the functions of objects (Luria,
1976). Cross-cultural differences in conceptual structure may have
implications for what constitutes a relevant contrast set (e.g., two
similar objects differing only in size or color) and what properties
(size vs. color) of an object are more or less stable across contexts.
For example, cultures differ in terms of the average individual’s eco-
logical expertise (Atran & Medin, 2008): a typical WEIRD college
undergraduate may see a red bird and a blue bird as two instances of
the same category in a color contrast, whereas an individual more
familiar with local bird species may consider these to be two
instances of different categories (e.g., cardinal and blue jay). This
difference in the perception of the environment could have an impact
on the way that referential expressions are designed (e.g., “the red
bird” vs. “the cardinal”) and the inferences that listeners might
make (e.g., listeners should be less likely to make contrastive infer-
ences regarding a particular referent if they do not perceive it to be in
a contrast with any other candidate referent in the environment).

Further, industrialization tends to accompany the transformation
from small-scale, so-called “societies of intimates,” to larger-scale
“societies of strangers” (Givón, 2005; Trudgill, 2012). Societies of
intimates are characterized by small group sizes (50–100 people),
foraging-based economies, restricted territorial distribution, and kin-
based grouping, inter alia, such that individuals in these societies
interact primarily with a small number of other people and share
much prior knowledge with each conversation partner. Given the
tight and essential interconnectedness of intimates, the goals and
costs of speech acts are thought to differ from those outlined by
Grice to describe the norms of communication of societies of strang-
ers (Givón&Young, 2002). Speakers in these societies often wish to
exchange information while attempting to minimize the possibility
of alienating any of the other intimates (e.g., by being identified as
the source of negative information) by avoiding explicit information.
Abiding by Gricean principles such as providing the maximum
amount of information and avoiding redundancy would be in con-
flict with these goals. Such flouting of informativity norms has yet
to be explored in the Tsimane’ or (to our knowledge) in the context
of simple referring expressions in societies of intimates.

Finally, despite the universal presence of turn-taking in conversa-
tion, cultures differ quantitatively in terms of the lag they permit
between conversational turns (Stivers et al., 2009). Given that listen-
ers anticipate what the speaker will say next in concert with the

1 A longstanding debate in this literature concerns whether a semantic
account, which does not invoke pragmatic reasoning, is sufficient to account
for these phenomena. The current study will not attempt to tease the prag-
matic and semantic accounts apart and the question of cross-cultural general-
izability should be equally interesting to both camps.

2 In the absence of a visually present object differing primarily in size, the
adjective can be interpreted as drawing a comparison to a standard size for
that type of object (e.g., big relative to a typical cup) or to a recently seen
object of the same type (e.g., big relative to a cup that was recently discussed).
However, the relevance of these alternative contrast sets may be reduced in
common experimental settings where many objects are divorced from their
real-life size (i.e., pictures of objects of all sizes occupy the same space on
the screen) and there is no expectation that the speaker (often in the form
of pre-recorded instructions) would reference objects from earlier trials,
such that the size adjective would provide close to no information about
the referent when no size contrast is present in the immediate context.
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preparation of their own speech (Brehm&Meyer, 2021), differences
in the timing of linguistic exchanges may be reflected in different
proclivities for predictive processing during comprehension. Thus,
here we investigate the role of Gricean norms in nonindustrialized
cultures and, in particular, their real-time dynamics.

The Present Research

In order to probe the role of culture and industrialization in com-
munication, we study reference production and pragmatic inference
in the Tsimane’, an indigenous people of Bolivia. The Tsimane’ are
a nonindustrialized Amazonian group consisting of about 17,000
people from lowland Bolivia who live by farming, hunting, and for-
aging for subsistence. Most Tsimane’ adults have received minimal
formal education in reading or writing and Tsimane’ children receive
much less direct language input than children in WEIRD countries
(less than one minute per daylight hour is spent talking to children
younger than 4 years of age; Cristia et al., 2017). This is particularly
noteworthy for the current purposes because the amount of child-
hood language exposure and vocabulary knowledge have been
related to anticipatory linguistic processing (Borovsky et al.,
2012). Tsimane’ is one of two languages in a language isolate family
(Mosetenan; Sakel, 2004). Unsurprisingly, the language differs in
numerous ways from English. Word order appears to be more flexi-
ble (e.g., adjectival modifiers can appear before or after nouns) and
color words map to the perceptual color space differently than in
English (Gibson et al., 2017). For example, the word corresponding
most closely to “blue” is used by Tsimane’ speakers to refer to a
much wider array of colors than those which English speakers tradi-
tionally label as blues; the word has higher entropy in Tsimane’ and
low entropy in English. Additionally, as described in more detail
below, Tsimane’ speakers were observed to use color adjectives
infrequently, in particular, when the referents they modify are natural
objects as opposed to artificial (i.e., they are less likely to say “red
pepper” than “red shirt”). English speakers use color adjectives
quite liberally, even when they are unnecessary for disambiguation.
In the present research, we examined the use and processing of

simple, adjective-noun referential expressions (e.g., “a big cup”) in
Tsimane’ and English, varying the visual properties of the context
along several dimensions. First, we used a referential communica-
tion task (Isaacs & Clark, 1987) to probe the production of referen-
tial expressions. Participants saw a four-item display and had to
communicate to their conversation partner (a translator) which
item was in the green square (Figure 1a) while their speech was
recorded. To measure the comprehension of referential expressions,
we used the visual world eye-tracking paradigm (Tanenhaus et al.,
1995; Sedivy et al., 1999). Participants listened to referential expres-
sions (e.g., "Show me the big cup") recorded in Tsimane’ by a trans-
lator (or in English for English speakers) and had to identify which
item on their screen the expressions referred to while their eye gaze
was recorded (Figure 1b). Second, using these two tasks, we com-
pared the use and interpretation of referring expressions across dif-
ferent visual contexts—critically, the target referent was either a
member of a contrast set (e.g., there was a big cup and a small cup
in the display) or a singleton (there was only one cup in the display).
Third, both in production and comprehension, we compared two
types of adjectives—size and color—which are known to elicit dif-
ferent patterns of behavior in English. Production of size adjectives
has not been systematically examined in Tsimane’ speakers. Fourth,

we included both color words that are consistently used by Tsimane’
speakers (low entropy: black, red) and color words that are inconsis-
tently used by Tsimane’ speakers (high entropy: blue, yellow)
(Gibson et al., 2017), as opposed to English speakers who use all
of these color words consistently. Finally, we compared two types
of referents—natural and artificial—which previous work suggests
may lead to differential patterns of color adjective use among
Tsimane’ speakers (Gibson et al., 2017).We expand on the predicted
patterns across all these dimensions below.

In production, a rich literature in psycholinguistics attests that
English speakers are (a) more likely to produce a modifying adjective
(e.g., big) when the referent is in a contrast set compared to when it is
not (Pechmann, 1989; Brown-Schmidt & Konopka, 2011; Ryskin et
al., 2015, inter alia) and (b) more likely to produce color adjectives

Figure 1
Experimental Setup and Schematic of Example Trials (a) From
Critical Conditions in the Referential Communication Task and
(b) From Critical Conditions in the Visual World Eye-Tracking
Task

Note. Photos show a typical experimental setup within a one-room school-
house, typically the only building in a Tsimane’ village. Sources of the images
are as follows: red cup (Adapted from Freesvg.org, by OpenClipart 2014,
https://freesvg.org/plastic-cup-vector-drawing. In the public domain), gray
cup (Adapted from Freesvg.org, by OpenClipart, 2014, https://freesvg.org/
plastic-cup-vector-drawing. In the public domain), banana (From
Freesvg.org, by OpenClipart, 2016, https://freesvg.org/yellow-banana. In
the public domain), red T-shirt (From Freesvg.org, by OpenClipart https://
freesvg.org/red-t-shirt. In the public domain), blue T-shirt (From openclipar-
t.org, by Kuba, 2011, https://openclipart.org/detail/118609/azure-tshirt. In the
public domain), dog (From cleanpng.com, by Hotep, https://www.cleanpng
.com/png-dog-cat-clip-art-brown-dog-pictures-125711/. In the public
domain), spider (From Publicdomainpictures.net, by Piotr Siedlecki,
https://www.publicdomainpictures.net/en/view-image.php?image=89856
&picture=spider, CCO Public Domain), and ear (From openclipart.org,
by rematuche, 2017, https://openclipart.org/detail/289462/simple-ear,
In the public domain). See the online article for the color version of
this figure.
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redundantly than size adjectives (Sedivy, 2005; Brown-Schmidt &
Konopka, 2011; Degen et al., 2020, inter alia). Much less is known
about referential communication in Tsimane’ but previous work
with this group (Gibson et al., 2017) offers some suggestions that
they may differ from English speakers in some ways. In a sequential
labeling task with natural real-world objects (i.e., they were asked to
label, e.g., a green pepper and then a red pepper), Tsimane’ speakers
rarely used color adjectives for either referent in the sequence (i.e.,
they would label both peppers using the bare noun), whereas
English speakers were more likely to use a color adjective when label-
ing the second item in a pair (and used more color adjectives overall).
It is noteworthy that Tsimane’ speakers did use color adjectives con-
trastively when the referents were artificial, man-made objects (e.g., a
shirt) though still much less frequently thanEnglish speakers, suggest-
ing that they may view pairs of artificial objects more readily as
instances of the same category in a color contrast. Gibson et al. also
reported that some color words are used inconsistently (high entropy,
e.g., blue and yellow) whereas others are well-known and reliably
used by all Tsimane’ speakers (low entropy, e.g., black and red). It
is unknown towhat extent the entropy of the color wordmight interact
with the contrastive use of a color adjective (e.g., redundancy may be
absent for high entropy color words but not low entropy color words;
on the other hand, high entropy adjectives use may simply be at floor
regardless of contrast presence). Thus, in our referential communica-
tion task, we probed whether Tsimane’ speakers would (a) produce
more adjectives when referents are in a contrast set than when they
are not, (b) produce more color adjectives than size adjectives redun-
dantly, (c) use color adjectives contrastively more often for artificial
referents as compared to natural referents, and (d) use high-entropy
color adjectives more contrastively than low-entropy color adjectives
or vice versa.
In comprehension, eye-tracking studies have shown that English

speakers make real-time, pragmatic inferences while interpreting
contrastive adjectives (Sedivy et al., 1999; Chambers et al., 2002;
Heller et al., 2008; Rubio-Fernandez & Jara-Ettinger, 2020;
Ryskin et al., 2015, inter alia). In particular, upon hearing a referring
expression containing an adjective (e.g., show me the big…), (a)
they are quicker to identify a target referent if it is in a contrast set
(which differs along the dimension picked out by the adjective),
and (b) this contrastive inference is larger when the adjective is a
size adjective than when it is a color adjective. If Gricean assump-
tions about the speaker’s intention to be unambiguous and nonre-
dundant do not generalize to the Tsimane’ society of intimates,
they may refrain from predictively inferring the nature of the target
referent when they hear a modifier. Another important difference
between the two languages is that adjectives always appear before
the noun in English whereas they can appear before or after the
noun in Tsimane’. Contrastive inferences in comprehension could
be weaker when word order is freer simply because the listener
has less evidence about the statistics of pre-nominal and post-nom-
inal adjectives and their relationship to objects in contrast sets
(because there are more options, they experience each a smaller
number of times). On the other hand, it might be the case these sta-
tistics are aggregated for adjectives regardless of their position rela-
tive to the noun, in which case no difference in magnitude would be
predicted. Similarly, a contrastive inference may be reduced in
Tsimane’ when referents are natural because of lack of experience
with modification for those objects in daily life,3 and/or when mod-
ifiers are high entropy because the assumption of shared knowledge

of the word-meaning mapping may not hold. In addition, to our
knowledge, this study is the first to use eye-tracking technology to
study cognition in the Tsimane’ or any other remote, nonindustrial-
ized group. Thus, in our visual world paradigm task, we tested
whether (a) eye-tracking technology is a viable method for studying
real-time language processing in fieldwork with nonindustrialized
societies, (b) whether Tsimane’ participants would engage in antic-
ipatory, contrastive inference rooted in Gricean expectations of
informativity, and (c) whether the probability of inference in com-
prehension would be tied to the probability of an adjective during
production (i.e., whether the relative rates of adjective use across
conditions in the production study will be reflected in contrast effects
on eye movements during comprehension).

Method

All experiment materials, code, and a preregistration for the eye-
tracking experiment can be found at https://osf.io/bjs85/.

Participants

In the referential communication task, we collected data from 21
Tsimane’ participants.4 In the eye-tracking task, we collected data
from 60 Tsimane’ participants and 64 English-speaking participants
from the Cambridge, MA area.5 Each individual participated in only
one of the two tasks. Data from an additional 10 Tsimane’ partici-
pants were collected but never analyzed because of low-quality eye-
tracking data (e.g., excessive data loss and poor calibration).6 All
participants were compensated for their participation. All experi-
mental procedures were approved by the Massachusetts Institute of
Technology’s Committee on the Use of Humans as Experimental
Subjects. Informed consent from U.S. participants and assent from
Tsimane’ participants were obtained, as required by the Committee.

Tsimane’ are a forager-horticulturist population inhabiting over 100
villages in the Bolivian lowlands ranging in size between 40 and 550
individuals (Gurven et al., 2007). The Tsimane’ are undergoing slow
cultural change through contact with Spanish-speaking Bolivians but
largely retain a pre-industrial lifestyle (as of data collection in 2018).
Villages are typically composed of several extended families. The

3 Additionally, Tsimane’ speakers might be less likely than English speak-
ers to interpret two natural entities (e.g., birds) of different colors as belong-
ing to the same contrast set, as opposed to being different types, but we do not
test this question here because the stimuli that differ in color were identical
images that were colored differently.

4 The goal of this task was to establish the presence or absence of contras-
tive adjective use in the Tsimane’ language given previous reports of a con-
spicuous absence thereof in a less communicative task (Gibson et al., 2017).
Contrastive adjective use among English speakers is well-documented.
Comparing overall rates of adjective use across the two populations would
not be particularly informative for the current question because of the inher-
ent differences between task environments, familiarity with computers/
experiments of participants, etc.

5 In the case of the eye-tracking data, collecting data from an additional
sample was more critical for methodological reasons: the eye-tracker being
used hadn’t, to our knowledge at the time, been used in visual world para-
digm studies, and there was very little work using eye-tracking outside the
lab environment. Thus, unlike for production data, replicating well-known
findings with English speakers was important for interpreting the Tsimane’
eye-tracking data.

6 The relatively high rate of data loss (�14% in Tsimane’ participants) is to
be expected given the inconsistent lighting and sound conditions typical of
fieldwork.
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majority of their diet consists of plantains, rice, corn, sweet manioc,
and other crops (Kraft et al., 2018). They also regularly fish and
hunt. A small proportion of foods is purchased from Bolivian mer-
chants. The villages mostly do not have running water, plumbing,
or electricity.Most homes lackwalls or doors, and access to healthcare
is limited and primarily dependent on the village’s proximity to a
larger town (Gurven et al., 2020). Some people (typically younger
males) travel into town to purchase goods and seek work. This consti-
tutes the primary form of exposure to Spanish.
Tsimane’ participants in this study were recruited from six Tsimane’

communities near the town of San Borja in the Bolivian Amazon, in
collaboration with the Centro Boliviano de Investigación y de
Desarrollo Socio Integral (CBIDSI), which provided interpreters,
logistical coordination, and expertise in Tsimane’ culture. Though
no formal language testing was conducted, Tsimane’ participants
were, generally speaking, not bilingual. Experimenters communicated
with participants exclusively through translators who translated from
Spanish to Tsimane’. Demographic information collected from the
population (including individuals who did not participate in the current
experiments) indicated that participants had minimal formal education
(mean years of education reported= 3.9, SD= 4.0)

Referential Communication Task

Procedure

In the referential communication task, participants sat in front of a
computer screen with a four-picture display (see Figure 1a). The con-
versation partner (a translator) sat on the other side of the table and
received the same four images but on pieces of paper that were ran-
domly arranged. On each trial, one of the four pictures on the partic-
ipant’s screen was outlined with a green square, and participants were
asked to describe that target image so that their partner could identify
which of their four pictures corresponded to it. The participant and the
partner could not see each other’s pictures but the participants were
told that they were the same items. After hearing a description, the
partner would show the participant the matching image and, if the par-
ticipant agreed that it was the right one, they moved on to the next trial
(i.e., an experimenter advanced the computer program and distributed
the next set of pictures to the partner). If the partner could not tell
which picture they were referring to, he asked for clarification. All
the participants’ productions were audio recorded and transcribed off-
line and translated into Spanish by a bilingual native Tsimane’
speaker. Stimulus presentation and audio recording were controlled
using MATLAB and Psychtoolbox (Brainard, 1997). The entire ses-
sion lasted around 15 min.

Materials and Design

Images were photos collected from a previous eye-tracking exper-
iment stimulus set (Ryskin et al., 2019) and supplemented with a
Google image search for local objects and animals. Before data col-
lection began (in Tsimane’), the names of all the objects in the
images were obtained through discussion with the translators.
The experimental design manipulated (a) contrast presence

(three levels: one-dimension contrast vs. two-dimension contrast vs.
no contrast) and (b) type (five levels: size, color-low-entropy-natural,
color-low-entropy-artificial, color-high-entropy-natural, and color-
high-entropy-artificial). In one-dimension contrast condition trials,
the target item (in the green square) was a member of a pair that

differed in either size or color (Figure 1a). The other two objects on
the screen were distractors. In two-dimension contrast condition trials,
the target item was a member of a pair that differed in both size and
color. In no contrast condition trials, the target item was a singleton
and the size contrast item was replaced by another distractor. The
type factor varied the kind of adjective (size vs. two types of color
adjectives: low-entropy and high-entropy) and the type of object
that was referred to (artificial vs. natural). “Low-entropy” color
terms—jäibäs (red) and tsincus (black)—are used consistently and
reliably by Tsimane’ speakers and “high-entropy” colors—chames/
yellow and yushñyus/blue—are used inconsistently (Gibson et al.,
2017). Natural objects (e.g., plants and animals) are thought to elicit
fewer color adjectives than artificial objects (e.g., dishware and
tools). In filler trials, the target items did not differ from the distractor
in size or color (two or three of the other pictures were of the same
color as the target).

The experiment was made up of 69 trials in total: 51 critical trials
(5× 3 size contrast conditions + 3× 3 color contrast conditions× 4
types), 15 filler trials, and 3 practice trials. Participants were ran-
domly assigned to one of four pseudo-randomized orders which
counterbalanced target items across contrast conditions.

Eye-Tracking

Procedure

The eye-tracking task was modeled on Sedivy et al. (1999).
Participants sat in front of a computer (powered from a portable
car battery as the school houses in which data collection was con-
ducted were not wired for electricity) and wore headphones (see
Figure 1b). On each trial, participants saw four pictures (one in
each quadrant of the display) and heard a pre-recorded audio file
containing a referring expression (e.g., “show me the big cup”).7

Their task was to point to the referenced (target) object (the big
cup). An experimenter used a mouse to click on the picture that
the participant pointed to. The locations of the target, competitor
(e.g., big banana), size contrast (e.g., small cup), and distractor
(e.g., small shirt) were randomly determined for each trial. A
Gazepoint 3-HD eye-tracker was positioned under the computer
screen and, after a 9-point calibration sequence, continuously
recorded eye-gaze coordinates at 120 Hz. Stimulus presentation
and event timestamps were controlled and recorded using
MATLAB and Psychtoolbox (Brainard, 1997). The entire session
lasted around 40 min with a 10 min break in the middle.

Materials and Design

The experimental design consisted of two crossed factors: contrast
presence (two levels: contrast vs. no contrast) and type (five
levels: size, color-low-entropy-natural, color-low-entropy-artificial,
color-high-entropy-natural, and color-high-entropy-artificial). In
contrast condition trials, the target item was a member of a pair

7 In both English and Tsimane’, the auditory instructions contained pre-
nominal adjectives only. For English speakers, adjective ordering is fixed
and adjectives are always pre-nominal. For Tsimane’ speakers, word order
is freer, however, in order to measure anticipatory contrastive inference,
the adjective has to be pre-nominal: if they hear the noun first, there is nothing
for listeners to anticipate. We leave it to future work to investigate how word
order flexibility may affect contrastive inference
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that differed in either size or color (see Figure 1b for an example with
size). The competitor was a picture of a singleton object of the same
size or color as the target. In no-contrast condition trials, the target
item was a singleton and the size contrast item was replaced by
another distractor (see Figure 1b). As in the referential communica-
tion task, the type factor varied the kind of adjective (size vs. two
types of color adjectives: low-entropy [red or black] and high-
entropy [blue or yellow]) and the kind of object that was referred
to (artificial vs. natural). During filler trials, the target was a single-
ton and the auditory stimulus did not contain an adjective (e.g.,
“Ikaviete sapyeyes”/“Show me the rope”). Half of the filler trials
contained a pair (e.g., two pencils) among the distractor items.
Images consisted of a subset of the pictures used for the referen-

tial communication task. Tsimane’ auditory stimuli were recorded
at the fieldwork site in Bolivia in a quiet outdoor location on a laptop.
One translator provided labels for images that were shown to him.
English auditory stimuli were recorded on the same laptop in a quiet
indoor setting (by RR). The speakers were instructed to speak slightly
more slowly than they would in a typical conversation and to maintain
neutral prosody to the extent possible. Each instruction was recorded
twice and the more natural/neutral sounding of the two recordings was
chosen. Due to the practicalities of fieldwork, minimal post-processing
was applied to the audio files. For consistency, the same approach
was taken with the English files. The timestamps of word onsets were
obtained using the Montreal Forced Aligner (McAuliffe et al., 2017)
and extracted via Praat script (Boersma & Weenink, 2022).
Additional details of the audio files are available in the supplemental
material S1 on OSF (https://osf.io/bjs85/). There was some variation
in the prosodic properties of the auditory stimuli between Tsimane’
and English.8 In the adjective window, which was the focus of analyses,
the duration was similar across English (mean = 0.84 s, SD = 0.16) and
Tsimane’ (mean = 0.81 s, SD= 0.13), but the intensity (English:mean=
62.15 decibels, SD= 4.01, Tsimane’: mean = 57.49 decibels, SD= 1.57)
and average pitch (English: mean = 222.71Hz, SD = 23.14, Tsimane’:
mean = 145.19Hz, SD = 19.73) differed, likely in part because the
Tsimane’ speaker was male and the English speaker was female.
Item-specific analyses indicate that the variation in prosodic properties
does not appear to impact the primary effects of interest (see supplemen-
tal material S1 at https://osf.io/bjs85/) but caution is warranted in inter-
preting baseline differences across languages and trial types. We return
to this point in the discussion.
The experiment consisted of 120 trials in total: 100 critical trials

(10× 2 contrast conditions × 5 types) and 20 filler trials.
Participants were randomly assigned to one of two counterbalancing
lists. A given target item would appear in both the contrast and
no-contrast condition across subjects, paired with the same auditory
instruction in both cases. Except for the first three trials which were
always filler trials, the order of trials was randomly generated for
each participant. The trials were separated into two blocks of 60 tri-
als each to give participants a 10 min break in the middle.

Data Preprocessing

Timestamps of eye-gaze coordinates were aligned to onsets of crit-
ical words in the audio stimulus files and categorized according to
which of the four quadrants they landed in. Data from incorrect trials
(i.e., where the participant selected the wrong target) were excluded,
as well as data from participants who had an overall accuracy below
80%.9 If a participant had , 50% valid samples or more than 50%

of stimulus messages (e.g., a timestamp for stimulus onset) missing
within a block due to packet loss between the eye-tracker hardware
and the experiment computer, the block was excluded.

Results

All statistical analyses were performed using the MixedModels
package (Bates et al., 2020) in Julia (Bezanson et al., 2017).
Visualizations were created with the ggplot2 library (Wickham,
2016) in R (RCore Team, 2019). Analysis code and data are available
at https://osf.io/bjs85/.

Referential Communication Task

The transcribed and translated utterances were coded for whether
they contained a size or color adjective. “Other-initiated repairs”
occurred when the speaker produced an utterance that did not
uniquely identify the target and the listener had to ask for clarifica-
tion. These were not counted as utterances containing an adjective
even if the speaker then produced an appropriate adjective and com-
munication was successful. In some cases, participants used an
adjective that did not describe the size or the color to identify the tar-
get (e.g., “ripe” when referring to the red tomato) but still achieved
referential success without repair. These cases were also coded as
containing zero size or color adjectives. The rates of adjective use
across size and color adjective conditions are summarized in
Figure 2. The data were analyzed in two mixed-effects logistic
regression models—one for size adjective use (including only data
from the size trials) and one for color adjective use (including
only data from the color trials)—with the presence or absence of
an adjective during the trial as the dependent variable. The fixed por-
tion of themodels consisted of a dummy-coded, three-level predictor
representing the contrast condition (no contrast vs. two contrasts
[size and color] vs. contrast [size or color]), with the no contrast con-
dition as the reference level. Due to the small size of the dataset, only
random intercepts for participants and items were included. See
Table A1 for full model details.

Overall, participants produced more color adjectives than size
adjectives in all conditions (see Figure 2a). Participants were more
likely to use a size adjective when the target referent was in a size
contrast with another object in the display (two contrasts vs. no con-
trast: b= 1.54, SE= 0.60, p = .01; contrast vs. no contrast: b=
2.16, SE= 0.58, p , .001), and they were (slightly) more likely to
use a color adjective when the target referent was in a color contrast
with another object in the display (contrast vs. no contrast: b= 0.76,
SE= 0.37, p = .04), though this was only a numerical tendency
when the contrasting object also differed in size (two contrasts vs.
no contrast: b= 0.65, SE= 0.37, p = .08).

An additional analysis compared contrasts effects across types of
color adjective trials, as shown in Figure 2b (dummy coded with low-

8 To some extent, this is to be expected since the auditory stimuli consist of
different words spoken by different speakers. Note that the same audio files
were used for contrast and no contrast conditions for a given item so
between-item differences are largely orthogonal to the primary comparison
of interest. Moreover, all analyses include random intercepts and slopes in
order to account for variation between items.

9 Accuracy for remaining participants was 97% on average for Tsimane’
and 99% on average for English participants. Participants excluded due to
accuracy are included in the set of 10 excluded (Tsimane’) participants.
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entropy artificial as the reference level). In the no contrast condition,
therewas no significant difference between natural and artificial objects
with low-entropy colors (b=−0.52, SE= 0.51, p = .30), but partici-
pants produced fewer high-entropy color adjectives (natural: b=−
2.55, SE= 0.51, p , .001; artificial: b=−1.84, SE= 0.53,
p , .005). The trial type did not significantly interact with the effects
of contrast presence (ps . .15).

Eye-Tracking

The time course of eye-gaze to the target and competitor for size
and color adjectives by contrast condition and language is shown in
Figure 3a. The “target advantage” (Figure 3b and c) corresponds to
the difference between the average proportion of looks to the target
and the average proportion of looks to the competitor. As is typically
found in visual world paradigm studies, as the auditory instruction
unfolded (e.g., “Show me the big cup”), looks to the target consis-
tently increased and looks to the competitor decreased (after a brief
initial increase) indicating that participants rapidly identified the refer-
ent (e.g., the cup). For both English and Tsimane’ participants, this
identification appears to have occurred earlier when the target was
in a contrast set (e.g., big cup and small cup); looks to the target
exceed looks to the competitor sooner in the contrast condition than
the no contrast condition. This pattern is particularly noticeable for
size adjectives compared to color adjectives.

The eye-gaze data were analyzed in two complementary ways. The
first approach used autoregressive logistic mixed effects models (gen-
eralized linear mixed models [GLMMs]; Cho et al., 2018). The
dependent variable was the presence or absence of a look at the target
within each 10ms bin in an 850ms time window (at the trial level for
each participant). The time window duration corresponds to the aver-
age duration between the onset of the adjective and the onset of the
noun and was time-locked to the onset of the adjective (for each
trial) and offset by 200ms to account for the oculomotor delay.
Looks to the competitor were not analyzed in these models because
they are not independent of looks to the target. The second analysis
approach used linear mixed effects models to model the target advan-
tage averaged over the adjective window—how much more partici-
pants look to the target relative to the competitor. The time window
duration was determined by the onsets of the adjective and noun of
the auditory stimulus (starting 200ms after the onset of the adjective
and ending 200ms after the onset of the noun) and differed on a
trial-by-trial basis. While the former analysis approach more closely
reflects the generative process for the data and is more sensitive, the
latter analysis allows for consideration of both target and competitor
looks. Both analyses lead to similar conclusions regarding contrastive
inferences by Tsimane’ and English speakers.

Contrastive Interpretations for Size Versus Color

Autoregressive GLMMof Target Looks. In order to determine
the effects of contrast condition and adjective type (size vs. color) on
binary target looks, for both English and Tsimane’ participants
(Figure 3a), a GLMMmodel was fitted with effects-coded fixed effects
for contrast condition (no contrast =−1, contrast = 1), adjective type
(size =−1, color = 1), language (English =−1, Tsimane = 1), and all
two-way and three-way interactions. An AR(1) predictor was also
included to account for the autocorrelation (of lag 1) of eye gaze over
time. Following (Cho et al., 2018), the random effects structure was
chosen by model comparison (Table A2). The selected model included
random intercepts for trial order with random slopes for AR(1), random
intercepts for subjects with random slopes for contrast, adjective type,
and AR(1), and random intercepts for items with random slopes for
contrast and AR(1). See Table A3 for full model details.

Participants were more likely to look at the target when it was in a
size contrast set than when it was not (b= 0.08, SE= 0.01,
p , .001). They made more looks to the target overall on color

Figure 2
Summary of Adjective Production Rates Across Conditions in the
Referential Communication Task

Note. Crosses indicate individual (Tsimane’) participant averages by condi-
tion. Bar heights indicate means across all participants. (a) The plot on the left
indicates data from trials where size was the relevant dimension by which a
contrast could be established (and the corresponding control trials). The
plot on the right indicates data from trials where color was the relevant dimen-
sion by which a contrast could be established (and the corresponding control
trials). Participants were more likely to produce color adjectives than size
adjectives in all conditions, and the presence of a size or color contrast
increased the likelihood of producing size or color adjectives respectively.
(b) Summary of color adjective production rates by referent type (artificial
vs. natural) and color adjective type (low-entropy vs. high-entropy).
Participants were more likely to produce low-entropy color adjectives than
high-entropy color adjectives, and the presence of a color contrast increased
the likelihood of producing a color adjective for all referent and color adjective
types. See the online article for the color version of this figure.
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adjective trials (b= 0.10, SE= 0.02, p , .001). Tsimane’ participants
made fewer looks at the target overall (b=−0.07, SE= 0.02,
p , .001). Critically, the contrast effect was reduced on color trials rel-
ative to size adjective trials (Interaction: b=−0.03, SE= 0.01,
p = .01). Neither the contrast effect nor the main effect of adjective
type, nor the interaction of contrast and adjective type differed across
language groups10 (Contrast × Language interaction: b= 0.00,
SE= 0.01, p = .74; Adjective Type × Language interaction: b=
0.01, SE= 0.02, p= 0.75; Contrast × Adjective Type × Language
interaction: b= 0.00, SE= 0.01, p = .70).
LMM of Average Target Advantage. In order to determine

the effects of contrast condition and adjective type (size vs. color)
on target advantage (average proportion of looks to target during
the adjective window minus the average proportion of looks to the
competitor in the adjective window), for both English and

Tsimane’ participants (Figure 3c), a model was fitted with effects-
coded fixed effects for contrast condition (no contrast =−1, contrast
= 1), adjective type (size =−1, color = 1), language (English =−1,
Tsimane = 1), and all two-way and three-way interactions. The

Figure 3
Gaze Data by Condition and Language in the Visual World Eye-Tracking Task, With Critical Auditory
Instructions of the Form “Show me the ?adjective? ?noun?.”

Note. (a) Timecourse of eye gaze to target and competitor locations during size and color adjective trials (all color
adjective trials combined). Dashed vertical lines indicate the time window used in the autoregressive GLMM anal-
ysis: starting 200 ms after the onset of the adjective and ending 200 ms after the average onset of the noun. (b) The
time course of target advantage (eye gaze to competitor subtracted from eye gaze to target) by condition. (c) Target
advantage averaged over the adjective window (starting 200ms after the onset of the adjective and ending 200 ms
after the onset of the noun) by condition and population. (Shaded regions and error bars indicate bootstrapped 95%
confidence intervals over participant means). Both Tsimane’ and English-speaking participants were more likely to
look at the target (and less likely to look at the competitor) when the target object was in a contrast set (e.g., a big cup
and a small cup) than when it wasn’t. This effect was larger for size adjectives than color adjectives. See the online
article for the color version of this figure.

10 Refitting the model with the English group or the Tsimane’ group as the
reference level indicates that contrast effects (English: b= 0.07, SE= 0.02,
p , .001; Tsimane’: b= 0.08, SE= 0.02, p , .005) and adjective type
effects (English: b= 0.09, SE= 0.03, p , .001; Tsimane’: b= 0.10, SE=
0.03, p , .001) are significant for both language groups but the interaction
of contrast and adjective type only reaches significance in the English
group (English: b=−0.03, SE= 0.02, p , .05; Tsimane’: b=−0.03,
SE= 0.02, p = .14). However, this difference in the magnitude of interaction
effects should not be over-interpreted given that the three-way interaction is
not significant.
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maximal random effects structure given the design of the study was
used. This included random intercepts for trial order, random inter-
cepts for subjects with random slopes for contrast, adjective type,
and random intercepts for items with random slopes for contrast.
See Table A4 for full model details.
Participants made more looks to the target than the competitor

overall (Intercept= 0.04, SE= 0.01, p , .005), indicating that
they typically began to identify the target before the onset of the
noun. This target advantage was greater when the target was in a
contrast (b= 0.04, SE= 0.01, p , .001) but did not differ signifi-
cantly depending on the adjective type (b= 0.01, SE= 0.01,
p = .27). The overall target advantage was reduced for Tsimane’
speakers relative to English speakers (b=−0.03, SE= 0.01,
p , .05). Crucially, the contrast effect did not differ significantly
across languages (Contrast × Language interaction: b=−0.01,
SE= 0.01, p = .20) or adjective types (Contrast × Adjective
Type: b=−0.01, SE= 0.01, p = .09) and the three-way interac-
tion of contrast, adjective type, and language was not significant
(b= 0.004, SE= 0.01, p = .63).11

Contrastive Interpretations Across Color Adjectives

The time course of the proportion of looks to the target and com-
petitor for the four kinds of color adjectives by contrast condition
and the population is shown in Figure 4a. There are subtle differ-
ences in how target identification unfolds within the critical time
window across the four types of color adjective trials (e.g., there
seems to be an early preference for the target in the low-entropy nat-
ural condition, regardless of condition),12 The contrast condition
appears to have an effect across adjective and referent types (perhaps
with the exception of low-entropy natural for Tsimane’).
Autoregressive GLMM of Target Looks. A model predicting

binary target looks was fitted with fixed effects for contrast condi-
tion (effects-coded: no contrast =−1, contrast = 1), color adjective
type (dummy coded with low-entropy-artificial trials as the reference
level), language (English =−1, Tsimane = 1), and all two-way and
three-way interactions. An AR(1) predictor was also included to
account for the autocorrelation of eye gaze over time. Following
(Cho et al., 2018), the random effects structure was chosen by
model comparison (Table A2). The selected model included random
intercepts for trial order with random slopes for AR(1), random
intercepts for subjects with random slopes for contrast, adjective
type, and AR(1), and random intercepts for items with random
slopes for contrast and AR(1). See Table A5 for full model details.
Participants in the low-entropy color artificial trials were more

likely to look at the target when it was in a color contrast setting
than when it was not (b= 0.05, SE= 0.02, p , .05). They made
more looks to the target overall in low-entropy natural trials (b=
0.12, SE= 0.04, p , .001). Tsimane’ participants made fewer fixa-
tions to target objects relative to English speakers (b=−0.06, SE=
0.04, p , .05). However, the contrast effect did not interact signifi-
cantly with color adjective type or language (ps . .50).
LMM of Average Target Advantage. In order to determine the

effects of contrast condition on target advantage for the four kinds of
color adjectives, for both English and Tsimane’ participants
(Figure 4c), a model was fitted with effects-coded fixed effects for con-
trast conditions (no contrast =−1, contrast = 1), color adjective type
(dummy coded with low-entropy-artificial trials as the reference level),
language (English =−1, Tsimane = 1), and all two-way and three-way

interactions. The maximal random effects structure given the design of
the study was used. This included random intercepts for trial order, ran-
dom intercepts for subjects with random slopes for contrast, adjective
type, and their interaction, and random intercepts for items with random
slopes for contrast. See Table A6 for full model details.

In the low-entropy color artificial trials (reference), the target
advantage was greater when the target was in a contrast set (b=
0.04, SE= 0.02, p , .01). The target advantage was also greater in
high-entropy natural (b= 0.07, SE= 0.03, p , .05) and low-entropy
natural trials (b= 0.11, SE= 0.03, p , .001), but the effect of con-
trast did not differ significantly across color adjective types or lan-
guages (for all two-way and three-way interactions, ps . .34).

Discussion

We investigated whether aspects of the way that humans design
and interpret communicative signals (referential expressions) are
shared between English and Tsimane’.

Production of Referential Expressions

In a referential communication task, Tsimane’ speakers produced
higher rates of color adjectives than size adjectives. Qualitatively,
this pattern is similar towhat has been observed with English speakers
(e.g., Brown-Schmidt & Konopka, 2011). But the rates of both adjec-
tive types were overall lower compared to English speakers (e.g.,
under 25% for size adjectives in the current data set and around
50% in Brown-Schmidt & Konopka, 2011). This pattern is consistent
with previous findings of reduced rates of adjective use in Tsimane’
(Gibson et al., 2017). These population differences may derived
from a number of factors. The current task is not identical to those
used in previous studies with English speakers, though modification
rates tend to be fairly invariant to small differences in materials and
experimental design (e.g., similar size modification rates in Sedivy,
2005; Ryskin et al., 2015). Color and size adjectives may be less fre-
quently used in the Tsimane’ language as a whole—and therefore
come to mind less readily for participants in the current experiment
—perhaps because it is less common for Tsimane’ speakers to find
themselves in a situation where two objects are most efficiently differ-
entiated via an adjective of this kind. In everyday communication,
there are often many other ways to differentiate two objects, for
instance, using gestures (e.g., pointing; Holler & Stevens, 2007),
demonstratives, and/or spatial terms (e.g., “that cup next to you”),
descriptors related to the speaker’s goals (e.g., “the banana that
looks tasty”) or relying on shared common knowledge (e.g., “the
cup you just washed”). The relative share of each type of referential

11 Refitting the model with a dummy-coded adjective type predictor with
size as the reference level indicates that the target advantage during size
adjective trials was greater when targets were in a contrast (b= 0.06, SE=
0.01, p , .001) and smaller for Tsimane’ speakers than English speakers
(b=−0.05, SE= 0.02, p , .05). However, the size of the contrast effect
was not significantly different between languages (b=−0.01, SE= 0.01,
p = .29)

12We interpret this as noise related to some uncontrolled properties of the
materials (e.g., particularly salient visual or auditory properties of certain tar-
gets). These item effects appear to affect speakers of both languages simi-
larly, suggesting that they may be related to visual features which are
shared across participants from both groups. See S1 in the supplemental
materials, which are available at https://osf.io/bjs85/ for analysis of auditory
features of stimuli.
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Figure 4
Gaze Data by Condition and Language in the Visual World Eye-Tracking Task for
Different Color Adjective Trial Types, With Auditory Instructions of the Form “Show
me the 〈color adjective〉 〈noun〉.”

Note. (a) The time course of eye gaze to target and competitor locations during color adjective
trials (separated by the entropy of color adjectives and the nature of the object they modified).
Dashed vertical lines indicate the time window used in the autoregressive GLMM analysis:
starting 200 ms after the onset of the adjective and ending 200 ms after the average onset of
the noun. (b) The time course of target advantage (eye gaze to competitor subtracted from
eye gaze to target) by condition. (c) Target advantage averaged over the adjective window
(adjective onset +200 ms to noun onset +200 ms) by condition and population. (Shaded regions
and error bars indicate bootstrapped 95% confidence intervals over participant means). Both
Tsimane’ and English-speaking participants were more likely to look at the target (and less
likely to look at the competitor) when the target object was in a contrast set (e.g., a red cup
and a black cup) than when it was not. The low-entropy natural object trials appear to be an
exception for Tsimane’ speakers, but analyses suggest that the contrast effect was not signifi-
cantly smaller than for low-entropy artificial trials. (Note that color type, low vs. high entropy,
is a distinction based on the properties of Tsimane’ and is less pertinent to English speakers who
use all four color adjectives with high consistency). See the online article for the color version of
this figure.
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expression in usage may differ across languages. We can speculate
that such differences would depend on the distributions of objects
that are used by the speakers of the language (e.g., whether they
often talk about similar objects differing primarily in size/color),
how they group objects into categories (e.g., two birds of different col-
ors may belong to different categories depending on the speaker’s
knowledge), and the constraints placed on the speakers. For instance,
strangers are less likely to share common experiences and therefore
cannot rely on that to achieve efficient reference; a language spoken
primarily between individuals who share many experiences—inti-
mates—may rely heavily on this shared knowledge and make less
use of other types of referential expressions. An alternative explana-
tion may be that Tsimane’ speakers may simply be less accustomed
to engaging in referential communication tasks. Though the goal of
these tasks is to be as ecologically valid as possible for an experimen-
tally controlled production task (Krauss &Weinheimer, 1964, 1966),
they are still inspired by activities that are common inWEIRD cultures
but may not be familiar to Tsimane’ speakers causing them to alter
their language usage in some way.13

Given the difficulties in interpreting overall group differences
between English and Tsimane’ speakers, the focus of the current ref-
erential study was on whether the production of referring expres-
sions was affected by the presence of a visual contrast. We found
that Tsimane’ speakers were more likely to include size or color
adjectives when the target referents were in a contrast set than
when they were singletons, similar to previous findings in English
speakers. In this task, Tsimane’ speakers designed their utterances
according to Gricean principles—including additional information
(the adjective) more so when it was necessary for their message to
be unambiguous for their conversation partner. There was no evi-
dence that this Gricean pattern differed across adjective types,
despite the fact that high-entropy adjectives were less likely to be
produced than low-entropy adjectives, replicating prior work
(Gibson et al., 2017). In contrast to previous findings, there was
no evidence that Tsimane’ speakers produced more adjectives
when describing artificial objects than natural objects in the current
dataset. This may be related to task differences between the referen-
tial communication paradigm used here and the object labeling task
used by Gibson et al. (2017). For instance, the present task always
displayed four objects of different colors and sizes simultaneously,
which may have encouraged comparison along the color dimension
even when no object of the same category was present. Additionally,
the present task was computerized, whereas the previous work used
real-world objects; by using photos on a computer display, the pre-
sent paradigm may have deemphasized the distinction between nat-
ural and artificial objects.

Real-Time Inference During Comprehension

In the visual-world paradigm eye-tracking task, Tsimane’ and
English listeners’ gaze reflected the integration of linguistic and
visual information with inferences about the intentions of the
speaker in real time. Upon hearing a size or color adjective, both
English and Tsimane’ participants were more likely to make antici-
patory looks at the target (and fewer to the competitor) when it
was in a contrast set than when it was not, replicating prior findings
with speakers of English, as well as a set of other typologically
diverse languages (Ryskin et al., 2019; Sedivy et al., 1999; Rubio-
Fernandez & Jara-Ettinger, 2020). The magnitude of contrast effects

did not appear to differ significantly across cultures. Both groups
likely make inferences based on the assumption that a cooperative
speaker would not have used an adjective if the object were a single-
ton. Critically, this inference took place in real-time and drove pre-
dictive eye movements within the first second of hearing the onset
of the adjective.14 Despite the fact that in many societies of inti-
mates, like the Tsimane’, the communicative goals have been
reported to deviate from those laid out by Grice, the inferences
that Tsimane’ listeners drew during the interpretation of referential
expressions were in line with Gricean norms of informativity.
Moreover, they were consistent with the patterns of use measured
in the production task: Tsimane’ speakers were more likely to use
an adjective if the target was in a contrast set.

Tsimane’ and English speakers drew these inferences when listen-
ing to both size and color adjectives. Previous results in the literature
were equivocal with respect to the presence of contrastive inferences
for color (Sedivy, 2005; Aparicio et al., 2016) in English. Plausibly,
these discrepant findings may reflect the fact that the effect of con-
trast presence on the production of a color adjective, and in turn
on the probability of adjective-driven inference during comprehen-
sion, is tied to the relationship between the object and the color
(e.g., whether it is typical; Degen et al., 2020; Sedivy, 2003;
Kreiss & Degen, 2020).15 It is noteworthy that the analysis of binary
looks to target (only) suggests that, for both English and Tsimane’
listeners, contrastive inferences elicited by color adjectives were
reduced relative to those elicited by size adjectives. A simple expla-
nation could be that there were simply more color trials and both
groups habituated to the color adjectives in some way that reduced
their tendency to draw contrastive inferences, or that uncontrolled
visual or acoustic features of the stimuli differed between size and
color trials and made contrasts less salient in the latter. (Item-level
analysis in S1 in the online supplemental materials suggests that
acoustic/prosodic features are unlikely to have had a substantial
impact.) Alternatively, this may point to a shared expectation that
color adjectives are, in general, less predictive of a contrast than
size adjectives (Degen et al., 2020; Sedivy, 2003). The latter expla-
nation would be consistent with the observation that, in contrast to

13 Indeed, earlier pilot work used a more complex referential communica-
tion task, where speakers were asked to describe four images on cards in the
order in which they were laid out so that a listener sitting on the other side of a
visual barrier with the same set of images could arrange them to be in the
same order, suggested that the Tsimane’ speakers found the procedure unnat-
ural. The task used in the current study appeared more approachable to par-
ticipants but it is possible that some task demands remain.

14 It is worth noting that Tsimane’ speakers were less likely to look at the
target and their target advantage was lower overall. This baseline difference
might reflect any of a very large number of factors that differ between English
and Tsimane’-speaking participants in this study including experience with
participating in an experiment, comfort with computers, noise in the environ-
ment during data collection, acoustic properties of the stimuli which were
recorded by different speakers using a different language (see S1 in the online
supplemental materials, which are available at https://osf.io/bjs85/) familiar-
ity with images in the visual display, etc. For this reason, conclusions regard-
ing these baseline differences are fraught and the focus of the current
investigation is on the effect of contrast presence and whether it holds across
languages/populations and/or adjective types. Of course, baseline differences
can create spurious interactions (e.g., when there are floor or ceiling effects)
but we have no reason to believe that this is an issue in the current dataset.

15 This factor was not explicitly controlled in the design of the present
materials but stimuli were generally chosen to have plausible colors (e.g.,
peppers could be red or green but not blue).

REAL-TIME INFERENCE IN COMMUNICATION ACROSS CULTURES 1255

T
hi
s
do
cu
m
en
ti
s
co
py
ri
gh
te
d
by

th
e
A
m
er
ic
an

P
sy
ch
ol
og
ic
al
A
ss
oc
ia
tio

n
or

on
e
of

its
al
lie
d
pu
bl
is
he
rs
.

T
hi
s
ar
tic
le
is
in
te
nd
ed

so
le
ly

fo
r
th
e
pe
rs
on
al
us
e
of

th
e
in
di
vi
du
al
us
er

an
d
is
no
t
to

be
di
ss
em

in
at
ed

br
oa
dl
y.

https://osf.io/bjs85/
https://osf.io/bjs85/


previous evidence of lower use of color words in an object labeling
task (Gibson et al., 2017), Tsimane’ speakers were similar to English
speakers in using color adjectives more often than size adjectives
(Pechmann, 1989) in the referential communication paradigm.
However, the analysis of target advantage does not strongly support
the conclusion that color adjectives elicit reduced inference relative
to size adjectives. Once both looks to target and competitor are taken
into account, the target advantage is only numerically smaller for
color adjectives across languages. Thus, we can conclude that both
Tsimane’ and English listeners do make contrastive inferences
when interpreting color adjectives in the current dataset—as
expected given that both groups produce more color adjectives
when a contrast set is present—but how this inference compares to
inferences from size adjectives remains an open question.
Finally, for both English and Tsimane’ listeners, the magnitude of

the contrastive inference did not differ significantly across the types
of color adjective trials (low- vs. high-entropy, natural vs. artificial).
Despite potential differences in how Tsimane’ might construe con-
trasts, the frequency with which they encounter modification in
everyday life, and the uncertainty regarding the mapping between
words and meanings, the patterns of inference were (qualitatively)
consistent with the patterns of production (i.e., color entropy and ref-
erent nature did not appear to impact contrast effects in production).
Taken together, these findings suggest that, if they are present in

Tsimane’, “non-Gricean” norms may be primarily applicable to
more complex conversational settings where interpersonal relation-
ships are at stake.16 In the kinds of simple referential exchanges
that form the building blocks of conversation, inferences drawn dur-
ing comprehension appear to be tightly (rationally) tied to the statis-
tics of use given the specific context, across cultures.

Implications and Conclusions

In sum, across a variety of contexts, the patterns of eye-gaze in
Tsimane’ listeners point to inferences about the speaker’s intent
that are tied to how adjectives are used to disambiguate referents dur-
ing production. Moreover, these patterns appear to be similar to
those observed in the productions and eye movements of English
speakers. In line with prior proposals (Levinson, 2011), the current
work suggests that pragmatic aspects of language use are shared
across languages and cultures. This finding stands in contrast to
the many phonological, syntactic, and semantic differences between
English and Tsimane’ (Sakel, 2004; Gibson et al., 2017) and the
great diversity of these features in the world’s languages more
broadly (Evans & Levinson, 2009). Notably, word order is freer in
Tsimane’ than in English, such that prenominal modifiers are less
frequent in Tsimane’ than in English (relative to all modifiers).
This does not appear to impact the magnitude of contrastive infer-
ence (at least not to an extent that we can detect), suggesting that
the statistics of use, which seem to be tied to probabilistic inferences
during comprehension, may be tracked in aggregate, regardless of
the position of the modifier. Future work looking at many languages
with different levels of flexibility in word order, or potentially using
artificial language learning, may shed light on this speculation.
Given the importance of culture in shaping language (Boas, 1938;

Evans, 2003; Everett, 2012; Tomasello, 1999; Thompson et al.,
2020), it is perhaps not surprising that aspects of language which
are formed by the accumulation of conventions (Haspelmath,
1999) differ between “WEIRD” English language users and

Tsimane’ who live in a nonindustrialized “society of intimates”
and have received little formal education. However, the production
and interpretation of reference are less conventionalized—they
require in-the-moment inferences based on the visuospatial context
and social reasoning about the knowledge and communicative goals
of the conversation partner—which may explain why the same prin-
ciples appear to govern its use across cultures.

However, other aspects of communication are likely to be more
culturally dependent. For example, politeness expressions differ
even among otherwise fairly similar cultures (e.g., the appropriate-
ness of direct requests differs between English/German and
Russian/Polish speakers Ogiermann, 2009). These aspects of prag-
matics appear quite different in nature and more closely tied to social
norms (House & Kádár, 2021), yet whether this distinction is qual-
itative or simply a matter of degree is an open question (cf., Leech,
1983). In many ways, due to the need to balance ecological validity
and experimental control, the tasks used in the current study repre-
sent an impoverished form of communication. It may be that a
more naturalistic approach (e.g., conversation analysis or targeted
language games; Brown-Schmidt & Tanenhaus, 2008), paired
with measurement of a wider array of multimodal data streams
(e.g., gesture and prosody; Holler & Levinson, 2019) would reveal
subtle differences in the ways that Tsimane’ and English speakers
produce and interpret even simple referring expressions (e.g., pro-
sodic markers of contrast do not appear to be universal; Swerts et
al., 2002). The current study provides a foundation for future work
exploring a broader range of psycholinguistic phenomena with
nonindustrialized groups such as the Tsimane’.

The current data also bear on another important topic in psycholin-
guistics: substantial prior work has linked the ability to engage in pre-
dictive language processing to the development of literacy (Borovsky
et al., 2012; Mishra et al., 2012). Here we observe robust evidence of
predictive language processing in a population that had received very
little formal education. However, one key difference between the pre-
vious paradigms and the current investigation is that the present par-
adigm manipulates the ability to predict upcoming input based on
visual and pragmatic information, rather than lexico-semantic or syn-
tactic cues. It seems plausible that a prediction that relies on a rich
model of the language and its rules may only manifest after extensive
exposure to the statistics of the language (e.g., Levy, 2008). On the
other hand, predictions that are based on reasoning about the inten-
tions of another human may emerge early in development (Nadig &
Sedivy, 2002), in similar ways across cultures (Callaghan et al.,
2005), and without any formal instruction. Further cross-cultural
work is needed to test this speculation. However, such a pattern
would be consistent with the idea that the absence of prediction effects
observed in certain populations (e.g., young children, lower-literacy
populations, and second language learners) does not reflect an
absence of prediction per se, but rather an implicit representation of
the language that is insufficiently tuned to the input and therefore gen-
erates incorrect predictions more frequently than that of the control
population of literate, young adults (Ryskin et al., 2020).

In addition to the theoretical implications for language, these find-
ings indicate that the visual world paradigm, and eye-tracking in gene-
ral, can be fruitfully used to study cognitive processes in real-time in

16 English speakers also flout these norms when the communicative goals
are more multilayered, for example, to joke or to deceive.
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remote, nonindustrialized groups. Eye-tracking has only rarely been
used in fieldwork with non-WEIRD populations (cf., Norcliffe et al.,
2015; Rubio-Fernandez& Jara-Ettinger, 2020). As a result, many find-
ings in cognitive science may be more limited in scope than is often
considered. For example, claims of cultural effects on perspective-
taking during communication (Wu & Keysar, 2007) are based on par-
ticipants who are far more culturally similar (e.g., American college
students and foreign students studying in the United States) than the
populations in the present research. Future work may capitalize on
the present findings to investigate how pragmatic inferences are
affected by differences in visual perspective and/or knowledge state
between Tsimane’ speakers and listeners (e.g., when a member of a
contrast set is visible only to the listener; Heller et al., 2008).
To conclude, in a pair of classic psycholinguistic tasks probing pro-

duction and comprehension of referential expressions across visual
contexts and adjective types, patterns of behavior of Tsimane’ and
English participants were strikingly similar and in accordance with
Gricean maxims. Though it will be important to collect data from
additional nonindustrialized cultures with different languages, these
results suggest that inferences about the conversation partner’s com-
municative intent are tied to language use patterns and deployed rap-
idly during online language processing in Tsimane’, and the
underlying assumptions about principles of cooperativity may be a
cross-cultural feature of human communication.
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Appendix

Table A1
Regression Model Estimates for Analyses of Adjective Production in the Referential Communication Task

Model 1: Size adjectives Total obs. 315

Fixed-effects parameters Estimate SE z-value p-value

Intercept (no contrast) − 4.41 0.58 − 7.64 , 1× 10−13

Two contrasts 1.54 0.60 2.61 9.2× 10−3

Contrast 2.16 0.57 3.77 2× 10−4

Variance components Item (n= 30) Participant (n= 21)

Intercept 0.13 1.11

Model 2: Color adjectives Total obs. 756

Fixed-effects parameters Estimate SE z-value p-value

Intercept (no contrast) 0.01 0.42 0.02 .98
Two contrasts 0.65 0.37 1.75 .08
Contrast 0.76 0.37 2.05 .04

Variance components Item (n= 72) Participant (n= 21)

Intercept 1.15 2.17

Model 3: Color adjectives by type Total obs. 756

Fixed-effects parameters Estimate SE z-value p-value

Intercept 1.20 0.51 2.38 .02
Two contrasts 0.69 0.54 1.28 .20
Contrast 1.34 0.57 2.35 .02
High-entropy artificial −1.84 0.53 −3.49 5× 10−4

High-entropy natural −2.55 0.51 −4.98 , 1× 10−6

Low-entropy natural −0.52 0.51 −1.04 .30
Two contrasts: high-entropy artificial −0.27 0.74 −0.37 .71
Contrast: high-entropy artificial −1.01 0.75 −1.35 .18
Two contrasts: high-entropy natural −0.09 0.72 −0.13 .90
Contrast: high-entropy natural −0.23 0.75 −0.31 .76
Two contrasts: low-entropy natural 0.28 0.74 0.37 .71
Contrast: low-entropy natural −0.67 0.76 −0.87 .38

Variance components Item (n= 72) Participant (n= 21)

Intercept 1.20 2.50
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Table A2
Model Selection for Random Effects in the AR(1) GLMMs

All adjectives Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

Trial order Int. x x x x x x
AR(1) x x x x x

Subject Int. x x x x x x
Contrast x x x x

Adjective type x x
Contrast:

Adjective type x
AR(1) x x x x x

Item Int. x x x x x x
Contrast x x x
AR(1) x x x x x

LL − 109, 544.26 − 106, 947.24 − 106, 907.90 − 106, 876.97 − 106, 865.67 − 106, 853.62
Npar 12 18 21 24 28 33
AIC 219,112.53 213,930.47 213,857.80 213,801.93 213,787.34 213,773.24
BIC 219,252.36 214,140.22 214,102.50 214,081.59 214,113.61 214,157.77

Color adjectives Model 1 Model 2 Model 3 Model 4 Model 5

Trial order Int. x x x x x
AR(1) x x x x

Subject Int. x x x x x
Contrast x x x

Adjective type x
Contrast:

Adjective type
AR(1) x x x x

Item Int. x x x x x
Contrast x x
AR(1) x x x x

LL − 86, 882.42 − 86, 501.10 − 86, 476.07 − 86, 451.76 − 86, 425.63
Npar 22 26 29 32 47
AIC 173,808.83 173,054.21 173,010.15 172,967.52 172,945.26
BIC 174,060.30 173,351.40 173,341.62 173,333.29 173,482.48

Note. Bold font indicates models with the lowest BIC which are reported in Tables A3 and A5. GLMMs = generalized linear mixed models; LL = log
likelihood; Npar = number of parameters; AIC = Akaike’s information criteria; BIC = Bayesian information criteria.

Table A3
Regression Model Estimates for Analyses Comparing Target Looks in the Eye-Tracking Task Across
Types of Adjectives (Size vs. Color) and Population/Language (Total Observations: 849,528)

Fixed-effects parameters Estimate SE z-value p-value

Intercept − 3.81 0.04 − 85.87 , 1× 10−99

Contrast 0.08 0.01 5.28 , 1× 10−6

Adjective type 0.10 0.02 5.24 , 1× 10−6

Language −0.07 0.02 − 3.45 .00
AR(1) 7.09 0.09 78.00 , 1× 10−99

Contrast: Adjective type −0.03 0.01 − 2.53 .01
Contrast: Language 0.00 0.01 0.33 .74
Adjective type: Language 0.01 0.02 0.31 .75
Contrast: Adjective type: Language 0.00 0.01 0.38 .70

Variance components Item (n = 200) Participant (n = 124) (Trial order n = 117)

Intercept 0.06 0.15 0.02
Contrast 0.01 0.01 –

Adjective type – 0.01 –

AR(1) 0.17 0.80 0.09

Note. Items are partially nested within participants because the audio recordings were different depending on the
language.
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Table A4
Regression Model Estimates for Analyses Comparing Target Advantage During the Adjective Time Window in the
Eye-Tracking Task Across Types of Adjectives (Size vs. Color) and Population/Language (Total Observations: 10,869)

Fixed-effects parameters Estimate SE z-value p-value

Intercept 0.04 0.01 3.21 .00
Contrast 0.04 0.01 5.47 , 1× 10−7

Adjective type 0.01 0.01 1.11 .27
Language −0.03 0.01 − 2.29 .02
Contrast: Adjective type −0.01 0.01 − 1.70 .09
Contrast: Language −0.01 0.01 − 1.28 .20
Adjective type: Language 0.02 0.01 1.85 .07
Contrast: Adjective type: Language 0.00 0.01 0.49 .63

Variance components Item (n = 200) Participant (n = 124) (Trial order n = 117)

Intercept 0.01 0.00 0.00
Contrast 0.00 0.00
Adjective type 0.00
Contrast: Adjective type 0.00
Residual variance= 0.31

Note. Items are partially nested within participants because the audio recordings were different depending on the language.

Table A5
RegressionModel Estimates for Analyses Comparing Target Looks in the Eye—Tracking Task Across Subtypes of Color
Adjectives and Population/Language (Total Observations: 680,266)

Fixed-effects parameters Estimate SE z-value p-value

Intercept − 3.74 0.05 − 73.65 , 1× 10−99

Contrast 0.05 0.02 2.10 .04
High-entropy artificial −0.07 0.04 − 1.60 .11
High-entropy natural 0.01 0.04 0.30 .76
Low-entropy natural 0.15 0.04 3.80 .00
Language −0.06 0.03 − 2.00 .05
AR(1) 7.09 0.09 75.65 , 1× 10−99

Contrast: High-entropy artificial 0.00 0.03 0.07 .95
Contrast: High-entropy natural 0.00 0.03 0.03 .97
Contrast: Low-entropy natural −0.02 0.03 −0.65 .51
Contrast: Language 0.00 0.02 −0.13 .89
High-entropy artificial: Language −0.05 0.04 − 1.20 .23
High-entropy natural: Language −0.01 0.04 −0.14 .89
Low-entropy natural: Language 0.02 0.04 0.61 .54
Contrast: High-entropy artificial: Language 0.02 0.03 0.82 .41
Contrast: High-entropy natural: Language 0.03 0.03 1.11 .27
Contrast: Low-entropy natural: Language 0.00 0.03 −0.15 .88

Variance components Item (n= 160) Participant (n= 124) (Trial order n= 117)

Intercept 0.07 0.15 0.03
AR(1) 0.16 0.82 0.10
Contrast 0.01 0.01
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Table A6
Regression Model Estimates for Analyses Comparing Target Advantage During the Adjective Time Window in the
Eye-Tracking Task Across Types of Color Adjectives and Population/Language (Total Observations: 8686)

Fixed-effects parameters Estimate SE z-value p-value

Intercept 0.00 0.02 0.13 .90
Contrast 0.04 0.02 2.58 .01
High-entropy artificial 0.01 0.03 0.56 .58
High-entropy natural 0.07 0.03 2.42 .02
Low-entropy natural 0.11 0.03 4.20 , 1× 10−4

Language 0.00 0.02 0.00 1.00
Contrast: High-entropy artificial −0.02 0.02 −0.87 .38
Contrast: High-entropy natural 0.00 0.02 0.01 .99
Contrast: Low-entropy natural −0.01 0.02 −0.40 .69
Contrast: Language −0.01 0.02 −0.71 .48
High-entropy artificial: Language −0.03 0.03 −0.95 .34
High-entropy natural: Language −0.01 0.03 −0.43 .67
Low-entropy natural: Language 0.01 0.03 0.24 .81
Contrast: High-entropy artificial: Language 0.01 0.02 0.65 .51
Contrast: High-entropy natural: Language 0.02 0.02 0.88 .38
Contrast: Low-entropy natural: Language −0.01 0.02 −0.66 .51

Variance components Item (n = 160) Participant (n = 124) (Trial order n = 117)

Intercept 0.01 0.00 0.00
Contrast 0.00 0.01
High-entropy artificial 0.00
High-entropy natural 0.01
Low-entropy natural 0.00
Contrast: High-entropy artificial 0.00
Contrast: High-entropy natural 0.00
Contrast: Low-entropy natural 0.00
Residual variance= 0.32

Note. Items are partially nested within participant because the audio recordings were different depending on the language.
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