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To test whether the language we speak influences our behavior
even when we are not speaking, we asked speakers of four
languages differing in their predominant word orders (English,
Turkish, Spanish, and Chinese) to perform two nonverbal tasks: a
communicative task (describing an event by using gesture without
speech) and a noncommunicative task (reconstructing an event
with pictures). We found that the word orders speakers used in
their everyday speech did not influence their nonverbal behavior.
Surprisingly, speakers of all four languages used the same order
and on both nonverbal tasks. This order, actor–patient–act, is
analogous to the subject– object–verb pattern found in many
languages of the world and, importantly, in newly developing
gestural languages. The findings provide evidence for a natural
order that we impose on events when describing and reconstruct-
ing them nonverbally and exploit when constructing language
anew.

g est ure  la n g u a g e g e n esis  sig n la n g u a g e  w ord ord er

Consider a woman twisting a knob. When we watch this event,
we see the elements of the event (woman, twisting, knob)

simultaneously. But when we talk about the event, the elements
are mentioned one at a time and, in most languages, in a
consistent order. For example, English, Chinese, and Spanish
speakers typically use the order woman–twist–knob [actor (Ar)–
act (A)–patient (P)] to describe the event; Turkish speakers use
woman–knob–twist (ArPA). The way we represent events in our
language might be such a powerful tool that we naturally extend
it to other representational formats. We might, for example,
impose our language’s ordering pattern on an event when called
on to represent the event in a nonverbal format (e.g., gestures or
pictures). Alternatively, the way we represent events in our
language may not be easily mapped onto other formats, leaving
other orderings free to emerge.

Word order is one of the earliest properties of language
learned by children (1) and displays systematic variation across
the languages of the world (2, 3), including sign languages (4).
Moreover, for many languages, word order does not vary freely
and speakers must use marked forms if they want to avoid using
canonical word order (5). If the ordering rules of language are
easily mapped onto other, nonverbal representations, then the
order in which speakers routinely produce words for particular
elements in an event might be expected to influence the order
in which those elements are represented nonverbally. Conse-
quently, speakers of different languages would use different
orderings when asked to represent events in a nonverbal format
(the ordering rules of their respective languages). If, however,
the ordering rules of language are not easily mapped onto
nonverbal representations of events, speakers of different lan-
guages would be free to use orders that differ from the canonical
orders found in their respective languages; in this event, the
orderings they use might, or might not, converge on a single
order. To explore this question, speakers of four languages
differing in their predominant word orders were given two
nonverbal tasks.

Gesture Task (6). Forty adults [10 English speakers, 10 Turkish
speakers, 10 Spanish speakers, and 10 Chinese (Mandarin)
speakers] were asked to describe vignettes displayed on a
computer (some depicting interactions between real objects and
people and others depicting animated toys) by using only their
hands and not their mouths. The vignettes displayed 36 different
motion events [see supporting information (SI) Table S1],
chosen because events of this type are ones that children talk
about in the early stages of language learning (1) and thus may
have a special status with respect to early language. In addition,
the events are typically described by using different word orders
by speakers of the languages represented in our sample: (i) 20
events typically described by using intransitive sentences, 7 in
which an entity performs an action in place (girl–waves) and 13
in which an entity transports itself across space (duck–moves–to
wheelbarrow); and (ii) 16 events typically described by using
transitive sentences, 8 in which an entity acts on an object in place
(woman–twists–knob) and 8 in which an entity transfers an
object across space (girl–gives–flower–to man). To determine
the predominant speech orders speakers of the four languages
use to describe these particular events, participants were also
asked to describe the events in speech before describing them in
gesture.**

Transparency Task (7). Another 40 adults (10 speakers of each of
the same four languages) were asked to reconstruct the same
events by using sets of transparent pictures. A black line drawing
of the entities in each event (e.g., woman, knob) and a black
cartoon drawing of the action in the event (e.g., an arrowed line
representing the twisting motion) were placed on separate
transparencies. Participants were asked to reconstruct the event
by stacking the transparencies one by one onto a peg to form a
single representation (see Fig. 3). Participants were given no
indication that the order in which they stacked the transparencies
was the focus of the study; in fact, the background of each
transparency was clear so that the final product looked the same
independent of the order in which the transparencies were
stacked. The task was designed to test whether speakers would
extend the ordering patterns of their languages not only to the
pictorial modality (where, unlike gestures, all of the elements of
an event are presented simultaneously in the final product), but
also to a noncommunicative situation: the experimenter made it
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Th e a u t h ors d eclare n o co n fl ict o f in t erest .

This article is a PN AS Direct Su b missio n .
†To w h o m corresp o n d e nce sh o uld b e a d dresse d . E-m ail: sg m@uchica g o .e d u .

**By h avin g p articip a n ts pro d uce sp e ech d escrip tio ns fi rst , w e reco g niz e t h a t w e m ay b e
biasin g t h e m t o use t h eir sp e ech ord ers in t h eir g est ure d escrip tio ns. Th e strikin g fi n din g
is t h a t t h ey did n o t .

This article co n t ains su p p ortin g in f orm a tio n o nlin e a t w w w .p n as.org/cgi/co n t e n t/f ull/
0710060105/DCSu p ple m e n t al.

© 2008 by Th e N a tio n al Aca d e my o f Scie nces o f t h e USA

w w w .p n as.org  cgi  d oi  10.1073  p n as.0710060105 PN AS  July 8, 2008  vol. 105  n o . 27  9163–9168

PS
YC

H
O

LO
G

Y

http://www.pnas.org/cgi/content/full/0710060105/DCSupplemental
http://www.pnas.org/cgi/data/0710060105/DCSupplemental/Supplemental_PDF#nameddest=ST1
http://www.pnas.org/cgi/content/full/0710060105/DCSupplemental


clear that she was busy with another task and not paying
attention when the participants stacked the transparencies.

Results
To ensure that speakers of the four languages did indeed use

different word orders in speech, we first examined the speech
they produced to describe the vignettes. We focused on the
position of semantic elements traditionally used to characterize
word order in the world’s languages (9, 10): actors (Ar) (which
are typically subjects, S), patients (P) (typically objects, O), acts
(A) (typically verbs, V). Speakers of all four languages consis-
tently used ArA order when describing intransitive actions both
in place and crossing space (Table 1). However, speakers used
different orders to describe transitive events. Following the
patterns of their respective languages, English and Spanish
speakers used ArAP and Turkish speakers used ArPA to de-
scribe all transitive actions, both in place and crossing space.
Chinese speakers used ArAP for in-place but ArPA for crossing-
space transitive actions.**

Participants used the same order, ArA, the order found in each
of their spoken languages, in the gesture strings they produced
to describe intransitive actions in place and crossing space (Table
1). But participants also used a single gesture order for transi-
tive actions, even though their spoken languages used differ-
ent orders to convey actions of this type. The predominant
gesture order was ArPA, which was identical to the predominant
speech order for in-place and crossing-space actions in Turkish
and for crossing-space actions in Chinese, but different from the

predominant speech order for both types of actions in English
and Spanish and for in-place actions in Chinese. We analyzed
in-place and crossing-space actions separately by using ANOVAs
with one within-subjects factor (order) and one between-subjects
factor (language group). We found significant effects for order
but not group in each analysis: gesture strings were significantly
more likely to display the ArPA order than the ArAP order
found in spoken Chinese, English, and Spanish for in-place
actions [F(1,26) ! 63.18, P " 0.00001] and in spoken English and
Spanish for crossing-space actions [F(1,16) ! 49.42, P "
0.00001]. Fig. 1 presents examples of ArPA gesture strings.

Fig. 2 presents the proportion of all gesture and speech strings
describing transitive actions that were consistent with the ArPA
order. We analyzed the data in Fig. 2 by using an ANOVA with
one within-subjects factor (modality: gesture vs. speech) and one
between-subjects factor (language group). We found an effect of
modality. Proportions were significantly different for gesture vs.
speech [F(1,35) ! 235.65, P " 0.00001] and, as expected, the
effect interacted with language group [F(3,35) ! 32.00, P "
0.00001]. Gesture was significantly different from speech for
English, Spanish, and Chinese (P " 0.00004, Scheffé), but not for
Turkish. Importantly, there were no significant differences be-
tween any pairings of the four language groups for gesture (P #
0.74). Thus, participants did not display the order found in their
spoken language in their gestures. Instead, the gestures all
followed the same ArPA order.

A priori we might have guessed that gesturers would begin a
string by producing a gesture for the action, as the action frames
the event and establishes the roles that other elements can
assume. Indeed, the glass and box gestures in Fig. 1 are very
similar in form; the fact that these two gestures represent

** Accordin g t o re f . 31, Chin ese w as origin ally a n SO V la n g u a g e a n d b eca m e SV O ; it is
curre n tly in t h e process o f m ovin g b ack t o SO V a n d t h us displays b o t h ord ers.

Table 1. Speech and gesture strings produced by Turkish, English, Spanish, and Chinese speakers categorized according to their fits
to predominant orders

Typ es o f actio ns d escrib e d

Sp e ech strin gs† G est ure strin gs‡

Pre d o min a n t
sp e ech ord er

Pro p ortio n
co nsist e n t w it h

sp e ech ord er
Pre d o min a n t
g est ure ord er

Pro p ortio n
co nsist e n t w it h

g est ure ord er

Pro p ortio n
co nsist e n t w it h
sp e ech ord er§

M e a n SE M e a n SE M e a n SE

Act ors, acts (in tra nsit ive)
In-place a n d crossin g-sp ace actio ns

Turkish sp e a k ers A r A 1.00 (0.00) A r A 0.85 (0.10)
Chin ese sp e a k ers A r A 1.00 (0.00) A r A 0.98 (0.01)
En glish sp e a k ers A r A 1.00 (0.00) A r A 0.99 (0.01)
Sp a nish sp e a k ers A r A 0.94 (0.03) A r A 0.97 (0.02)

Act ors, p a tie n ts, acts (tra nsit ive)
In-place actio ns

Turkish sp e a k ers A r P A 0.97 (0.02) A r P A 1.00 (0.00)
Chin ese sp e a k ers A r A P 0.88 (0.04) A r P A 0.84 (0.06) 0.30 (0.09)*
En glish sp e a k ers A r A P 0.98 (0.01) A r P A 0.90 (0.03) 0.20 (0.06)*
Sp a nish sp e a k ers A r A P 0.92 (0.05) A r P A 0.86 (0.05) 0.34 (0.06)*

Crossin g-sp ace actio ns
Turkish sp e a k ers A r P A 0.93 (0.04) A r P A 0.69 (0.13)
Chin ese sp e a k ers A r P A 0.80 (0.06) A r P A 0.90 (0.08)
En glish sp e a k ers A r A P 0.88 (0.10) A r P A 0.78 (0.08) 0.21 (0.07)*
Sp a nish sp e a k ers A r A P 0.86 (0.05) A r P A 0.87 (0.04) 0.13 (0.07)*

G est ures w ere pro d uce d in place o f sp e ech a n d t h us w ere n o t acco m p a nie d by a ny sp e ech a t all. *, P " 0.0001, co m p arin g pro p ortio n o f g est ure strin gs
co nsist e n t w it h g est ure ord er vs. sp e ech ord er.
†Pro p ortio ns w ere calcula t e d by t a kin g t h e n u m b er o f sp o k e n se n t e nces a p articip a n t pro d uce d t h a t w ere co nsist e n t w it h t h e pre d o min a n t sp e ech ord er a n d

dividin g t h a t n u m b er by t h e t o t al n u m b er o f sp o k e n se n t e nces t h e p articip a n t pro d uce d t o d escrib e t h e t arg e t eve n t .
‡Pro p ortio ns w ere calcula t e d by t a kin g t h e n u m b er o f g est ure strin gs a p articip a n t pro d uce d t h a t w ere co nsist e n t w it h t h e pre d o min a n t g est ure ord er o r t h e

pre d o min a n t sp e ech ord er a n d dividin g t h a t n u m b er by t h e t o t al n u m b er o f g est ure strin gs t h e p articip a n t pro d uce d t o d escrib e t h e t arg e t eve n t . Particip a n ts
did n o t al w ays pro d uce g est ures f or all t hre e ele m e n ts w h e n d escribin g tra nsit ive actio ns (se e Ta ble S1). W h e n A r A strin gs w ere pro d uce d f or a tra nsit ive actio n ,
w e co u n t e d t h ose strin gs as co nsist e n t w it h t h e pre d o min a n t ord er f or g est ure a n d sp e ech a n d t h us inclu d e d t h e m in t h e n u m era t or f or b o t h pro p ortio ns.

§ A bla n k cell in dica t es t h a t t h e pre d o min a n t g est ure ord er is id e n tical t o t h e pre d o min a n t sp e ech ord er f or t h a t la n g u a g e gro u p .
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different objects becomes apparent only after the action ges-
tures, tilt-to-mouth and cover, are produced. Despite the fact
that an action gesture is often needed to disambiguate an object
gesture, participants in all four language groups produced ges-
tures for objects (Ar and P) before producing gestures for
actions. In this regard, it is worth noting that the ArPA ordering
pattern we have found is not inevitable in the manual modality.
In many conventional sign languages, including American Sign
Language (8), the canonical underlying order is SVO—-ArAP in
our terms; thus patients do not necessarily appear before acts in
all communications in the manual modality.

We turn next to the noncommunicative transparency task
carried out by a different set of 40 speakers. There was no need
to select transparencies in a consistent order because the back-
grounds were transparent and the final products looked the same
independent of the order in which they were stacked. Never-
theless, participants followed a consistent order when selecting
transparencies, and the order was the same across all language
groups (Fig. 3). We conducted separate analyses for intransitive

and transitive events by using ANOVAs with one within-subjects
factor (order) and one between-subjects factor (language
group). We found an effect of order but not group in each
analysis. Participants stacked transparencies in the ArA order
significantly more often than the AAr order for intransitive
actions in place and crossing space [F(1,36) ! 203.02, P "
0.000001], and in the ArPA order significantly more often than
the other possible orders for transitive actions in place
[F(4,144) ! 85.01, P " 0.000001] and for transitive actions
crossing space [F(5,180) ! 185.71, P " 0.000001].

Here again we found that participants did not display the
orders of their spoken languages. The order in which participants
selected transparencies was the same across all four language
groups, and this order was identical to the predominant gesture
order in the gesture task. Across all event types, 81% (SE ! 6%)
of 1,423 transparency trials followed the ArPA pattern, as did
90% (SE ! 3%) of 614 gesture strings.††

Recall that half of the vignettes depicted crossing-space
actions and thus contained endpoints (e.g., the scaffolding in Fig.
3). Here, too, the language that participants spoke did not
inevitably determine their orderings on the gesture or transpar-
ency tasks. When describing the vignettes in speech, participants
followed the patterns of their languages: Turkish speakers
produced words for endpoints before words for actions in 97%
of their spoken utterances; Chinese, Spanish, and English speak-
ers produced words for endpoints after words for actions in 88%,
94%, and 100% of their spoken utterances, respectively. How-
ever, participants in all four groups performed similarly on the
gesture and transparency tasks. Participants tended to place
gestures for endpoints at either the beginning (Turkish 25%,
Chinese 40%, Spanish 26%, and English 37%) or end (58%,
48%, 56%, and 48%, respectively) of their three-gesture strings

††Th ere w ere n o ord erin g dif f ere nces in vig n e t t es p ortrayin g re al vs. t oy act ors. In a d ditio n ,
act ors prece d e d acts w h e t h er t h e act ors w ere a nim a t e or in a nim a t e , a n d prece d e d
p a tie n ts w h e t h er t h e p a tie n ts w ere a nim a t e or in a nim a t e , su g g estin g t h a t p articip a n ts’
ord ers w ere b ase d o n t h e se m a n tic roles, n o t a nim acy, o f t h e e n tities involve d .

  
                 BOY                                  GLASS                    TILTS TO MOUTH

  
             CAPTAIN                               PAIL                                SWINGS

  
              CAPTAIN                               PAIL                                SWINGS

  
                  GIRL                                   BOX                                  COVERS

Fig. 1. Exa m ples o f A rPA g est ure strin gs pro d uce d by sp e a k ers o f all f o ur
la n g u a g es. (To p) Th e pict ures sh o w a Sp a nish sp e a k er d escribin g t h e b oy tilts
glass vig n e t t e . (M id dle) Th e pict ures sh o w a n En glish sp e a k er a n d a Turkish
sp e a k er d escribin g t h e ca p t ain sw in gs p ail vig n e t t e; n o t e t h a t t h e En glish
sp e a k er (U p p er M id dle) co nveys t h e ca p t ain by pro d ucin g a g est ure f or his
ca p , t h e Turkish sp e a k er (Lo w er M id dle) by p oin tin g a t t h e still pict ure o f t h e
ca p t ain . (Bo t t o m) Th e pict ures sh o w a Chin ese sp e a k er d escribin g t h e girl
covers b ox vig n e t t e .
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Fig. 2. Pro p ortio n o f sp e ech (Le f t) a n d g est ure (Rig h t) strin gs pro d uce d by
sp e a k ers o f Turkish , Chin ese , En glish , a n d Sp a nish t o d escrib e tra nsit ive ac-
tio ns t h a t w ere co nsist e n t w it h t h e A rPA ord er. Inclu d e d are b o t h in-place a n d
crossin g-sp ace tra nsit ive actio ns.
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containing endpoints and select the endpoint transparency
primarily at the beginning (78%, 69%, 71%, and 83%, respec-
tively) but also at the end (10%, 25%, 20%, and 12%, respec-
tively) of the transparency stacks containing endpoints; the few
remaining endpoints were placed in the middle of a gesture
string‡‡ or transparency stack. The interesting generalization is
that gestures and transparency selections tended to be positioned
outside of the semantic core: only 15% (SE ! 5%) of gestures
and 8% (SE ! 2%) of transparencies for endpoints were placed
between gestures or transparencies for Ar, P, and A, reinforcing
the notion that events are built around these semantic elements,
not endpoints. It is intriguing that languages also seem to
privilege Ar, P, and A, typically encoding them as S, O, and V
and relegating endpoints to the linguistic periphery as, for
example, indirect (as opposed to direct) objects or objects of a
preposition. This pattern may reflect another cognitive prefer-
ence that languages co-opt and build on.

To summarize both the gesture and transparency tasks, we
note four striking findings: (i) Participants adhered to a consis-
tent ordering even though consistency was not demanded by
either task. (ii) The ordering was the same across participants,
both within and across language groups. (iii) The ordering was
the same across tasks, both communicative (gesture) and non-
communicative (transparency). (iv) The ordering was not nec-

essarily the same as the ordering in the participants’ spoken
language.

Discussion
What might account for the particular ordering we observed

across language groups and tasks? On the basis of the gesture
task alone, we might hypothesize that the participants arrive at
the ArPA order because of communicative pressure; the ArPA
order might, for example, be particularly easy for listeners to
decode. But data from the transparency task weaken this
argument. Actors and patients also preceded acts in the trans-
parency task, even though the goal was not to communicate (and
the medium was not gesture).

We therefore speculate that, rather than being an outgrowth
of communicative efficiency or the manual modality, ArPA may
reflect a natural sequencing for representing events. Entities are
cognitively more basic and less relational than actions (9), which
might lead participants to highlight entities involved in an action
before focusing on the action itself, thus situating Ar and P
before A. Moreover, there is a particularly close cognitive tie
between objects and actious (10), which would link P to A,
resulting in an ArPA order.

The ArPA order found in our participants’ gesture strings and
transparency selections is analogous to SOV word order in
spoken and signed languages. In principle, all six possible
orderings of S, O, and V should be found equally often in the
languages of the world. However, two orders predominate; the
orders are about equally frequent and together account for
$90% of the world’s languages. SOV is one of those two orders
(SVO is the other) (11, 12). In addition, although direction of
change is difficult to assess over historical time, SOV has been
hypothesized to predominate in the early stages of spoken (13,
14) and signed (15) languages. Even more relevant to our study,

‡‡If w e lo o k o nly a t t w o-g est ure strin gs, w hich , o f co urse , d o n o t allo w a ‘‘mid dle’’ resp o nse ,
w e fi n d t h a t Turkish , Chin ese , a n d Sp a nish p articip a n ts pro d uce d g est ures f or e n d p oin ts
a b o u t e q u ally o f t e n b e f ore (51 % , 56 % , a n d 32 % , resp ectively) a n d a f t er (49 % , 44 % , a n d
68 % , resp ectively) g est ures f or actio ns. En glish sp e a k ers place d e n d p oin ts b e f ore actio ns
in 94 % o f t h eir releva n t t w o-g est ure strin gs. N o t e t h a t t h ese g est ure p a t t erns d o n o t
co n f orm t o t h e typical p a t t ern in sp e ech f or a ny o f t h e gro u ps: En glish sp e a k ers t e n d t o
place e n d p oin ts a f t er actio ns, as d o Chin ese a n d Sp a nish sp e a k ers; Turkish sp e a k ers t e n d
t o place t h e m b e f ore actio ns.
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Fig. 3. Perf orm a nce o n t h e tra nsp are ncy t ask . (U p p er) Displaye d is t h e se t o f tra nsp are ncies f or t h e m a n carries chick e n t o sca f f oldin g vig n e t t e (a tra nsit ive
actio n crossin g sp ace), w it h tra nsp are ncies as p articip a n ts sa w t h e m (Le f t) a n d tra nsp are ncies a f t er b ein g st ack e d (Rig h t). (Lo w er) Th e gra p hs display t h e m e a n
n u m b er o f tim es sp e a k ers o f Turkish , Chin ese , En glish , a n d Sp a nish select e d tra nsp are ncies in e ach o f t h e p ossible ord ers f or act ors a n d acts in in tra nsit ive actio ns
(Le f t) a n d act ors, acts, a n d p a tie n ts in tra nsit ive actio ns in place (Ce n t er) a n d crossin g sp ace (Rig h t).
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SOV is the order currently emerging in a language created
spontaneously without any apparent external influence. Al-
Sayyid Bedouin Sign Language arose within the last 70 years in
an isolated community with a high incidence of profound
prelingual deafness. In the space of one generation, the language
assumed grammatical structure, including SOV order (16). In
addition, deaf children whose profound hearing losses prevent
them from acquiring a spoken language and whose hearing
parents have not exposed them to a conventional sign language
invent their own gestures to communicate, and those gestures
display a consistent OV order in both American (17) and
Chinese (18) deaf children [the deaf children typically omit
gestures for transitive actors, the S (10)].

If SOV is such a natural order for humans, why then aren’t all
human languages SOV? Languages respond to a variety of
pressures, for example, the need to be semantically clear, pro-
cessed efficiently, or rhetorically interesting (19). We suggest
that, initially, a developing language co-opts the ArPA order
used in nonverbal representations and uses it as a default
pattern, thus displaying SOV order, which may have the virtue
of semantic clarity. But as a language community grows (20) and
its functions become more complex (21), additional pressures
may exert their influence on language form, in some cases
pushing the linguistic order away from the semantically clear
ArPA (SOV) order.

Our findings bear on the Sapir-Whorf hypothesis (22, 23), the
hypothesis that the language we speak can affect the way we
interpret the world even when we are not speaking. This
hypothesis has been tested with respect to a variety of linguistic
constructions with mixed results (24–29), but has not been tested
with respect to word order. Our data suggest that the ordering
we use when representing events in a nonverbal format is not
highly susceptible to language’s influence. Rather, there appears
to be a natural order that humans (regardless of the language
they speak) use when asked to represent events nonverbally.
Indeed, the influence may well go in the other direction; the
ordering seen in our nonverbal tasks may shape language in its
emerging stages.

In sum, we have shown that speakers of languages that differ
in their predominant word orders do not invoke these orders
when asked to describe or reconstruct events without speaking.
Thus, the ordering found in a speaker’s habitual talk does not
inevitably influence that speaker’s nonverbal behavior. More-
over, the ordering found in nonverbal tasks appears to be more
robust than the ordering found in language; speakers of four
different languages used different orders in their spoken sen-
tences, yet all displayed the same order on two different non-
verbal tasks. This order is the one found in the earliest stages of
newly evolving gestural languages and thus may reflect a natural
disposition that humans exploit not only when asked to represent
events nonverbally, but also when creating language anew.

Materials and Methods
D a t a w ere collect e d in Ist a n b ul f or Turkish sp e a k ers, in Beijin g f or Chin ese
sp e a k ers, in Chica g o f or En glish sp e a k ers, a n d in M a drid f or Sp a nish sp e a k ers.
Particip a n ts w ere dra w n fro m urb a n u niversit ies in e ach city f or b o t h g est ure
a n d tra nsp are ncy t asks. Each p articip a n t w as initially give n co nse n t f orms a n d
a la n g u a g e in t ervie w . O nly m o n olin g u al sp e a k ers w ere inclu d e d in t h e st u dy.
N o n e o f t h e p articip a n ts w as co nversa n t in a co nve n tio n al sig n la n g u a g e .

Particip a n ts in b o t h t asks w ere sh o w n 36 vig n e t t es o n a co m p u t er. A
q u art er o f t h e vig n e t t es d e pict e d in t eractio ns b e t w e e n re al p e o ple a n d
o bjects; t h e re m ainin g vig n e t t es w ere a nim a tio ns involvin g t oys re prese n tin g
o bjects a n d p e o ple . Ta ble S1 lists t h e eve n ts d e pict e d in t h e vig n e t t es, t h e
typ es o f o bjects playin g t h e act or, p a tie n t , or e n d p oin t roles in e ach vig n e t t e ,
a n d w h e t h er or n o t t h e vig n e t t e d e pict e d re al o bjects a n d p e o ple or t oys.

Gesture Task. Protocol. Th e p articip a n t a n d exp erim e n t er w ere p osit io n e d in a
n a t ural co nversa tio n al gro u pin g w it h a la p t o p co m p u t er b e t w e e n t h e m . Th e
e n tire sessio n w as vid e o t a p e d , a n d t h e ca m era w as p osit io n e d so t h a t it h a d

a g o o d vie w o f b o t h t h e p articip a n t a n d t h e co m p u t er scre e n . Particip a n ts
w ere t old t h a t t h ey w o uld se e a series o f sh ort vid e o t a p e d vig n e t t es a n d , a f t er
e ach , w ere t o t ell t h e exp erim e n t er w h a t h a p p e n e d in t h e vig n e t t e . For t h e
p articip a n ts t o g e t a b e t t er a t lo o k a t t h e e n tities pict ure d in t h e vig n e t t es, still
pict ures o f t h e initial sce n e o f t h e eve n t inclu din g all o f t h e e n tities involve d
in t h e eve n t (act ors, p a tie n ts, e n d p oin ts) w ere provid e d f or e ach vig n e t t e;
p articip a n ts occasio n ally re f erre d t o t h e pict ures w h e n d escribin g t h e vi-
g n e t t es. T w o practice vig n e t t es w ere ru n b e f ore t h e p articip a n t b e g a n t h e se t
o f 36 vig n e t t es. A f t er d escribin g all o f t h e vig n e t t es in sp e ech , p articip a n ts
w ere t old t h a t t h ey w o uld se e t h e sa m e vig n e t t es a g ain b u t , t his tim e , t h ey
w ere t o t ell t h e exp erim e n t er w h a t h a p p e n e d usin g o nly t h eir h a n ds a n d n o t
sp e ech . Th e still pict ures w ere sh o w n d urin g t h e g est ure alo n e d escrip tio ns
a n d p articip a n ts occasio n ally p oin t e d a t t h e pict ure t o re f er t o o n e o f t h e
ele m e n ts (se e Fig . 2).
Coding and analysis. Sp e ech w as tra nscrib e d a n d co d e d by n a tive sp e a k ers o f
e ach la n g u a g e . G est ure w as d escrib e d in t erms o f h a n d sh a p e , p alm orie n t a-
tio n , m o tio n , place m e n t (e .g ., n e u tral sp ace a t ch est level, o n t h e b o dy, n e ar
a n o bject), articula t or (e .g ., rig h t h a n d , le f t h a n d , h e a d), a n d siz e o f m o tio n
(e .g ., "2 inch es, 2–5 inch es, #5 inch es). G est ures w ere divid e d in t o strin gs by
usin g m o t oric crit eria; strin g bre a ks w ere co d e d w h e n p articip a n ts relaxe d
t h eir h a n ds b e t w e e n g est ures (30). G est ures w ere classi fi e d as eit h er p oin tin g
or ico nic g est ures a n d give n a m e a nin g gloss. Poin tin g g est ures w ere rarely
use d b u t w h e n t h ey w ere , t h ey eit h er in dica t e d a n e n tity o n t h e co m p u t er
scre e n or t h e still pict ures (e .g ., p oin t a t t h e m a n o n scre e n , glosse d as m a n) or
a n e n tity in t h e ro o m t h a t w as similar t o or h a d a n in t erpre t a ble rela tio n t o
o n e in t h e vig n e t t e (e .g ., p oin t a t self w h e n re f errin g t o t h e girl in t h e vig n e t t e ,
glosse d as girl; p oin t b e hin d self w h e n re f errin g t o t h e chick e n w h o st o o d
b e hin d t h e ca p t ain in t h e vig n e t t e , glosse d as chick e n). Ico nic g est ures w ere
p a n t o mim es use d t o re prese n t eit h er t h e actio n in t h e vig n e t t e (e .g ., t w o fists
m ove d a w ay fro m t h e ch est in a lin e , glosse d as p ush in t h e ‘‘m a n p ush es
g arb a g e ca n t o m o t orcycle m a n’’ vig n e t t e) or a n e n tity (e .g ., t w o fists h eld a t
ch est level ro t a t e d as alt h o u g h revvin g a m o t orcycle , glosse d as m o t orcycle
m a n in t his sa m e vig n e t t e). O t h er typ es o f g est ures (e .g ., b e a ts, n o ds) w ere
tra nscrib e d b u t did n o t re prese n t vig n e t t e actio ns or e n tities a n d t h us w ere
n o t inclu d e d in t h e a n alyses. Relia bility f or g est ure co din g ra n g e d b e t w e e n
87 % a n d 91 % a gre e m e n t b e t w e e n co d ers d e p e n din g o n t h e ca t e g ory.

W e a n alyz e d o nly t h ose strin gs t h a t d escrib e d t h e t arg e t eve n t , i.e ., strin gs
co n t ainin g a w ord or g est ure f or t h e actio n displaye d in t h e vig n e t t e . In
a d ditio n t o co n t ainin g a w ord or g est ure f or t h e actio n , t h e strin g h a d t o
inclu d e a t le ast o n e o t h er w ord or g est ure re prese n tin g a n e n tity playin g a n
act or or p a tie n t role in t h e actio n . For exa m ple , a ca p g est ure re f errin g t o t h e
ca p t ain (act or) in t h e ca p t ain sw in gs p ail vig n e t t e pro d uce d in se q u e nce w it h
a sw in g g est ure (actio n) w o uld b e inclu d e d in t h e a n alyses; h o w ever, eit h er
g est ure pro d uce d o n its o w n w o uld n o t . M ore over, if a strin g co n t ain e d a
g est ure f or t h e ca p t ain (act or) a n d o n e f or t h e p ail (p a tie n t), b u t n o g est ure
f or t h e sw in gin g m o tio n (act), t h e strin g w o uld n o t b e inclu d e d in t h e a n alyses
sim ply b eca use , w it h o u t t h e sw in g g est ure , w e co uld n o t b e cert ain t h a t t h e
p articip a n t m e a n t t o b e re f errin g t o t h e ca p t ain a n d t h e p ail in t h eir roles as
act or a n d p a tie n t , resp ectively. W h e n d escribin g eve n ts in sp e ech , p articip a n ts
typically m e n tio n e d all o f t h e releva n t ele m e n ts in t h e eve n t: t w o ele m e n ts
(act or, act) in in tra nsit ive actio ns a n d t hre e (act or, act , p a tie n t) in tra nsit ive
actio ns. W h e n d escribin g eve n ts in g est ure alo n e , p articip a n ts o f t e n o mit t e d
ele m e n ts; t h ey pro d uce d 501 g est ure strin gs co n t ainin g t w o releva n t ele-
m e n ts a n d 113 co n t ainin g t hre e , all o f w hich w ere inclu d e d in t h e a n alyses. W e
classi fi e d strin gs t h a t did n o t h ave g est ures f or t h e f ull co m ple m e n t o f
ele m e n ts accordin g t o t h e ele m e n ts t h a t w ere prese n t in g est ure . Th us, f or
g est ure strin gs co nveyin g tra nsit ive actio ns, w e classi fi e d t hre e typ es o f strin gs
as co nsist e n t w it h a n A rPA p a t t ern (A r A , PA , A rPA) a n d seve n as inco nsist e n t
(A A r, AP, A r AP, A A rP, APA r, PA r A , PA A r). In a d ditio n , w e co n d uct e d se p ara t e
a n alyses o f g est ure strin gs co n t ainin g e n d p oin ts. Particip a n ts pro d uce d 97
strin gs co n t ainin g g est ures f or t h e e n d p oin t a n d actio n a n d 121 co n t ainin g
g est ures f or t h e e n d p oin t , actio n , a n d o n e or t w o o t h er ele m e n ts (act or a n d/or
p a tie n t).

Occasio n ally p articip a n ts pro d uce d strin gs in sp e ech or g est ure d escribin g
a n actio n t h a t did n o t m a tch t h e in t e n d e d actio n displaye d in t h e vig n e t t e
(e .g ., ‘‘t h e g arb a g e ca n m ove d t o t h e m o t orcycle m a n’’ ra t h er t h a n ‘‘t h e m a n
p ush e d t h e g arb a g e ca n t o t h e m o t orcycle m a n’’). In t h ose cases, w e reclas-
si fi e d t h e strin g t o fi t t h e p articip a n t’s in t erpre t a tio n a n d a n alyz e d it alo n g
w it h strin gs co nveyin g t h e actio n it d escrib e d (in t his case , as a n in tra nsit ive
actio n ra t h er t h a n a tra nsit ive actio n). D e gre es o f fre e d o m vary f or st a tistical
a n alyses o f so m e o f t h e eve n ts b eca use p articip a n ts w h o pro d uce d t h e reclas-
si fi e d strin gs did n o t t h e n h ave a d a t a p oin t f or t h e origin ally in t e n d e d actio n .
If reclassi fi e d strin gs are o mit t e d fro m t h e a n alyses, t h e results are u nch a n g e d .
Pro p ortio ns w ere su b mit t e d t o a n arcsin e tra nsf orm a tio n b e f ore st a tistical
a n alysis.
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Transparency Task: Protocol and Coding. Particip a n ts w ere t old t h a t t h ey w o uld
b e w a tchin g a series o f vid e o clips a n d t h a t , a f t er e ach vig n e t t e , t h ey w ere t o
reco nstruct t h e eve n t by p u t tin g a se t o f tra nsp are ncies o n a p e g o n e a t a tim e .
Th ey w ere t old t h a t if t h ey n e e d e d t o se e t h e vig n e t t e a g ain , t h ey co uld click
o n t h e re p e a t b u t t o n o n t h e co m p u t er. A f t er t w o practice trials (t h e exp eri-
m e n t er did n o t m o d el t h e t ask f or t h e p articip a n t), t h e exp erim e n t er playe d
t h e fi rst vig n e t t e o n t h e co m p u t er a n d t h e n place d t h e tra nsp are ncies f or t h a t
vig n e t t e o n t h e t a ble in a tria n g ular co n fi g ura tio n , b e gin nin g a t t h e p artici-
p a n t’s rig h t a n d e n din g a t his or h er le f t . For exa m ple , t h e f o ur tra nsp are ncies
prese n t e d t o t h e p articip a n t f or t h e m a n carries chick e n t o sca f f oldin g
vig n e t t e w ere place d o n t h e t a ble in t h e f ollo w in g ord er (Fig . 3): 1) arro w
d e n o tin g t h e traject ory o f t h e m ovin g actio n , 2) chick e n , 3) sca f f oldin g , a n d
4) m a n . Tra nsp are ncies w ere laid d o w n in t h e sa m e ord er f or e ach p articip a n t ,
a n d ord ers w ere ra n d o miz e d over t h e 36 vig n e t t es.

Particip a n ts w ere disco ura g e d fro m t alkin g d urin g t h e st u dy. To e nco ura g e

t h e m t o tre a t t h e t ask as n o nco m m u nica tive , t h e exp erim e n t er occu pie d
h erself w it h a n o t h er t ask a n d did n o t p ay a t t e n tio n as p articip a n ts pick e d
u p t h e tra nsp are ncies. W h e n p articip a n ts fi nish e d st ackin g t h e tra nsp are ncies
o n t h e p e g , t h ey alert e d t h e exp erim e n t er w h o t h e n collect e d t h e m a n d
st art e d t h e n ext vig n e t t e o n t h e co m p u t er.

Tra nscrib ers w a tch e d t h e vid e o t a p es o f e ach sessio n a n d record e d t h e
ord er in w hich t h e p articip a n t place d t h e tra nsp are ncies o n t h e p e g f or e ach
vig n e t t e .
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