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Abstract

Keysar et al. (Keysar, Barr, Balin, & Brauner, 20B@ysar, Lin, & Barr, 2003) report that
adults frequently failed to use their conceptuahpetence for theory of mind (ToM) in an
online communication game where they needed todakeunt of a speaker’s perspective.
The current research reports 3 experiments in\astig the cognitive processes contributing
to adults’ errors. In Experiments 1 and 2 the feegpy of adults’ failure to use ToM was
unaffected by perspective switching. In Experint&adults made more errors when
interpreting instructions according to the speakperspective than according to an arbitrary
rule. We suggest that adults are efficient at dwiitg perspectives, but that actually using
what another person knows to interpret what thgyseelatively inefficient, giving rise to

egocentric errors during communication.
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Theory of mind (ToM)—the everyday ability to reasavout agents in terms of mental states
such as beliefs, desires, and intentions—has Ieesubject of much research in
developmental psychology (e.g., Doherty, 2008) amake recently, in neuroscience (see e.g.,
Frith & Frith, 2003). Developmental research sug¢gésat many basic abilities are present by
4 years (e.g., Wellman, Cross, & Watson, 2001),@rtiaps much younger (Onishi &
Baillargeon, 2005; Surian, Caldi, & Sperber, 200#Qwever, relatively little research has
been conducted on older children, and only recdral/ToM in adults begun to receive
sustained empirical attention (see Apperly, Sam&ddumphreys, 2009, for a recent

review). This work suggests that ToM in adults defse to a significant degree, on cognitive
resources for executive control. For example, ariees about an agent’s belief may not be
made automatically (Apperly, Riggs, Simpson, Chian@g & Samson, 2006), and holding in
mind information about someone’s false belief @A processing cost for judgements about
that belief or the corresponding real situationgépy, Back, Samson, & France, 2008).
Performance on ToMtasks is disrupted by the simalias performance of an executive task
(Bull, Phillips, & Conway, 2008; McKinnon & Moscaeh, 2007), and individual differences
in performance on a belief—-desire reasoning taslelate with individual differences in
general processing speed and executive functiom{@e& Hehman, 2006). Moreover,
impairment of executive function may lead to amstytendency for egocentric errors on ToM
tasks (Samson, Apperly, Kathirgamanathan, & Humyr2005). Finally, even when given
the opportunity to infer another person’s belieknowledge in advance, adults are prone to
error when using this information when followingiructions from that person (e.g., Keysar,
Barr, Balin, & Brauner, 2000; Keysar, Lin, & Ba#Q03). The current studies investigated

this difficulty with ToM use and examined factorat might give rise to these effects.

Keysar et al. (2000, 2003) used a task in whictippants viewed a 4 x 4 vertical grid

containing objects in different slots. Participawere instructed by a “director” to move



objects around the grid. The participant’s viewto$ experimental set-up is depicted
schematically in Figure 1a, where the directoh&smale figure on the opposite side of the
grid. As can be seen in Figure 1la, some of the shathe grid allowed both the participant
and the director to see any object inside. Otluds stere closed on the director’s side,
creating a perspective difference between theqgyaaint (who could see the objects in these
slots) and the director (who could not see ints¢hgots and did not know what was inside
them). Critical instructions required participatddake account of the director’s perspective
in order to identify the object to which he wasereihg. For example, when the director said
“move the small ball one slot down”, he was refagrio Object x in Figure 1a, which is the
smaller of the two balls that he could see. Headowit be referring to Object y, the smallest
ball in the grid, because he could not see thaidoal did not know it existed. Thus, when
following the director’s instruction, participartiad to ignore objects such as Object y, which
were valid referents from their own perspectivd, it from the perspective of the director.
Keysar et al. (2000, 2003) found that adult pgrtaits frequently failed to take the director’s
perspective into account. For example, in Keysat.§2003) 71% of participants incorrectly
selected an object about which the director wasrimt to at least one of four critical
instructions; 46% did so on two or more occasi@everal potential explanations for this
surprising finding can be ruled out. First, aduttéficulty was not a lack of the requisite
concepts for perspective taking. The task descrilde requires conceptually simple visual
perspective-taking skills that are present by 2yeéage (Flavell, Everett, Croft, & Flavell,
1981). Second, it seems unlikely that particip&ated to notice the different perspective of
the director. This perspective difference was emjzea at the beginning of the experiment
by having participants walk around to the othee#fithe apparatus so that they experienced
for themselves how the grid appeared from the tbr&cpoint of view. Third, it seems

unlikely that participants thought the director “shiknow” what was in the occluded slots of



the grid, even if he could not see. In the expenitmdy Keysar et al. (2000, 2003),
participants believed that the director was a sécw@ive participant (she or he was in fact a
confederate), and in some conditions participarevactively engaged in hiding objects in
the grid, clearly emphasizing the fact that thector did not know about the critical objects.
So it appears that participants had the meanshenchotivation to appreciate that the director
had a different perspective from them. What Keydanl.’s findings appear to show is that, in
spite of this, participants did not use these th@bmind abilities reliably when interpreting
the director’s instructions. Participants’ errouggest that they did not consistently restrict
the domain of potential reference to the “commarugd” of objects mutually known by
them and by the speaker (e.g., Clark & Marshal81)9This conclusion is reinforced by the
observation that participants’ eye movements fratjydixated potential referents that the
speaker could not see, even if participants uletyatesponded correctly by selecting the

correct referent from common ground.

It is important to be clear that the paradigms use#eysar et al. (2000, 2003) may
overestimate the tendency for error in adults’ ggay communication. Natural
communication often gives listeners valuable coegference resolution, such as the eye
gaze of the speaker (e.g., Hanna & Brennan, 20@MEh were not present in Keysar et al.’s
paradigms. Equally, however, it is clear that ifwish to study adults’ ability to use
inferences about what the speaker thinks or knowirstérpret what the speaker says, it is
necessary to eliminate from the experimental pgradither cues (such as eye gaze) present
in natural discourse that might allow the participt assign reference correctly without
thinking about the speaker’'s mental states. Faetipeirposes Keysar et al.’s paradigm is

particularly useful.

Keysar et al.’s (2000, 2003) findings suggest thaking a ToM inference (about what

someone else sees, thinks, or knows) is no guarfmae this information will be used to



guide communication. These results fit with othgggestions that adult perspective taking is
subject to egocentric or “reality” bias (e.g., Bir& Bloom, 2004, 2007; Epley, Keysar, Van
Boven, & Gilovich, 2004a; Mitchell, Robinson, Isaaé& Nye, 1996). However, the findings
of Keysar and colleagues are surprising becausanmgs on everyday communication (e.qg.,
Clark & Marshall, 1981) and conversational pragos(e.g., Sperber & Wilson, 1995, 2002)
has pointed out that successful communication apgealepend upon speakers and listeners
taking account of one another’s knowledge, beli@fgl intentions. This research assumes
either implicitly or explicitly that such inferen@ad use of information about mental states
occurs quickly and efficiently, whereas the studieKeysar and colleagues suggest that this

may not be a safe assumption.

Other empirical findings do indicate that ToM usaynsometimes be more efficient than
Keysar et al. (2000, 2003) have suggested. For pbearny using a much simpler task (only
four slots in the grid, with only one slot occlugiéthdig and Sedivy (2002) found evidence
that 5- and 6-year olds behaved nonegocentricgligubstantially constraining their eye
fixations to common ground objects. In eye-traclshgries of adults’ online communication,
Hanna, Tannenhaus, and Trueswell (2003) foundhithalts were more likely to fixate
potential referents in common ground (that botly #ed the speaker could see) than referents
in privileged ground (that only they could seepugh privileged ground items still had a
distracting effect on performance, suggesting égatcentrism was not entirely overcome (see
also Barr, 2008). Other evidence comes from a ezokaral study, in which Wu and Keysar
(2007) found that Chinese participants did not stiweverrors made by American participants
on the referential communication task. The autlaogsied that a culture that emphasizes
interdependence among individuals (Chinese) camceethe likelihood of egocentric errors in
ToM use. These findings clearly suggest that Tokligsiot always subject to egocentric

errors, but they do not explain why.



In short, the presence of errors of ToM use shbasusing ToM abilities in communication
or the following of instructions requires much mdémnan just having the requisite ToM
concepts. As already mentioned, the relevant cdnaégbilities for the visual perspective
taking required by Keysar et al.’s (2000, 2003) ommication tasks are in place by early
childhood. Difficulty with ToM use is often manifiei® egocentric errors. However, while
“egocentrism” may be an informative descriptiorited observed phenomenon, it provides
little insight into the underlying cognitive proses that give rise to this phenomenon.
Investigating why errors of ToM use arise in adoffers one way to shed light on the nature

of these additional processes.

Why, then, might the use of ToM information to guicbommunication often be so
demanding? In the current work, we explored twacsfiids explanations. One possibility is
that ToM use is demanding because it requires Bimgdoetween self-perspective and the
perspectives of others, flexibly and appropriatélhas been suggested that participants’
default is to interpret language from their owrf-pelrspective and only take account of the
speaker’s perspective by an effortful process pisithent (e.g., Epley et al., 2004a).
Moreover, everyday conversation not only requinesability to overcome any bias towards
self-perspective, but frequently requires coordorawvith multiple speakers who will,
inevitably, have perspectives that differ from gefspective and from each other. In
referential communication tasks such as those gk&ret al. (2000, 2003), this leads to the
expectation that participants might find it eastetake account of a director’s perspective on
trial N if they had received an instruction frone tsame director on trial N — 1 than if they
had received an instruction from a different dioean trial N — 1. Therefore, in our first two
experiments we varied the demands on perspectitelsmg in a ToM-use task based upon

Keysar et al.’s paradigm but adapted to have twectbrs with different perspectives.

A second possibility is that it is demanding to Gisd1 to guide communication because this



requires us to infer, hold in mind, and use infalioraabout someone else’s perspective that
may be in conflict with our own perspective. Exigtievidence suggests that adults do indeed
show processing costs for inferring (Apperly et 2006) and holding in mind (Apperly et al.,
2008) information about other people’s beliefsEkperiment 3 we tested whether this was
also a significant demand for ToM use. To evaludtether ToM use is relatively costly or
relatively efficient we compared a ToM-use conditwith a matched non-ToM condition. In
the non-ToM condition participants heard the sanséuctions and viewed the same objects
as those in the ToM-use condition and had to caimstheir interpretation of the instructions
to the same subset of objects as in the ToM-usdiwom, but there was no perspective-taking
requirement. If ToM use makes cognitive demands aud above the general demands of
following the verbal instructions, then performamcé¢he ToM-use condition should be
poorer than that in the non-ToM condition. In casty if ToOM use is a privileged or
specialized cognitive process, as has sometimestggested (e.g., Clark & Marshall, 1981,
Sperber & Wilson, 1995, 2002), then performanciéToM-use condition should be better

than that in the non-ToM condition.

EXPERIMENTS 1-2: PERSPECTIVE SWITCHING

We adapted Keysar et al.’s (2000, 2003) task sairtsructions could be presented from two
directors. As in Keysar et al.’s tasks, one directiuld see some but not all of the objects
visible to participants. Although this directorgmiorance was only partial, we refer to him
henceforth simply as the “ignorant director”. A sed director shared the participants’ visual

perspective, and we refer to her as the “informieectbr”.

General method

Participants

A total of 20 participants (7 males) took part ixpEriment 1, 20 (3 males) in Experiment 2a,



and 20 (5males) in Experiment 2b. All were undellgede students ranging in age from 18—

31 years. All received course credits or a smahd#onorarium.
Design and materials

We presented Keysar et al.’s (2000) task on a coenp8timuli consisted of a 4 x 4 grid, with
cartoon figures representing the directors (searEigb; note that Figure 1 presents actual
stimuli from the current experiments) and prereedrdound files for the directors’
instructions. The participant followed the direstanstructions by clicking on the appropriate
object with a computer mouse and moving the moussoc to the appropriate slot (the object
itself did not move). This enabled us to measuceiacy of responding and gave an estimate

of response time from the onset of each instruttion

Experimental stimuli consisted of 32 different gaistays, each with 16 slots. For each grid, 5
slots were occluded from the point of view of tgearant director (a male figure, with a male
voice) but visible to the participant and the imh@d director (a female figure, with a female
voice). The remaining 11 slots were visible to plaeticipant and both directors.The occluded
slotswere arranged in one of four different patefach grid contained eight items, depicted
by simple cartoon images. The number of instrustimn each grid varied between 3 and 5,
with 128 instructions in total. There were alsor@qbice grids generated to the same
specifications. No instructions in the practicedgriequired participants to take account of the

ignorant director’s perspective.

The 16 grids of the experimental condition eachuited one “critical instruction” (e.qg.,
“move the small ball one slot down”). If interprdtiFom the participant’s perspective or that

of the informed director, the instruction wouldeefo an item in an occluded slot (e.g., the

1 We only considered this measure an estimate pbrese time because it included time taken to ifiettie
correct referent and execute the motor responskctifng the mouse on the referent. Nonetheless, ntteasure
does afford a check that participants are not meratling off accuracy against speed.



smallest ball), but if interpreted from the igndrdirector’s perspective it would refer to an
item in an open slot (e.g., the midsized ball—sgeré 1). The position of this critical
instruction varied, between first and fourth in #eguence for each grid. All other
instructions were filler items, using the same aéfbrmulation as the critical instructions,

but always referring to items that could be seebdiy director and participant.

There were two types of experimental trial. In Btienal experimental trials the critical
instruction defined its target object by relativeesor position (e.g., “Move the small ball one
slot left”). From either perspective these instimts uniquely identified a single object (they
were not ambiguous), but a different object wastified depending on the perspective taken.
From a participant’s perspective (and that of tifermed director) “the small ball”
unambiguously referred to the smallest of thregvalde balls. However, the smallest ball
was not viewable by the ignorant director, andfsgpoken by the ignorant director, this
instruction unambiguously referred to the midsibad that everyone could see. These
relational trials were directly analogous to thased by Keysar et al. (2000, 2003l
relational instructions followed the formula “Mottee [adjective noun] one slot
left/right/up/down”, and offset of the noun occutren average 1,047 ms after the start of the
instruction. Participants were told that “left” afreght” corresponded to their own left and

right sides.

In 8 ambiguous experimental trials, the criticatraction defined its target with a simple
noun phrase (e.g., “the mouse”). From a particiggrgrspective (and that of the informed
director) such instructions were ambiguous becausdifferent types of mouse (a computer
mouse and cartoon animal) were visible. Howevel, one mouse could be seen from the

ignorant director’s perspective, so when the irtdioms were spoken by the ignorant director,

% Confusingly, the illustrative example used in teettof Keysar et al. (2003) is actually ambigucather than
relational, but the stimuli used in these experitaemd in Keysar et al. (2000) were all relational.



the participant could always identify a unique ntted referent. Trials of this kind were used
by Nadig and Sedivy (2002) but not by Keysar e{2000, 2003), who reasoned that the
ambiguity of the instruction might prompt partiaipga who had initially failed to take the
perspective of the director to repair their intetption of the instruction, so obscuring any
failure of ToM use. We reasoned that such a regteategy should be detectable in longer
response times and so included ambiguous trigds &steresting test of participants’ ability
to repair their interpretation of instructions. Alnbiguous instructions followed the formula
“Move the [noun] one slot left/right/up/down”, andfset of the noun occurred on average

724 ms after the start of the instruction.

To create the 16 grids of the control conditiom, ¢hitical instruction’s potential referent

object in the occluded slot (e.g., the smalled) bas replaced with an item that could not be
a potential referent (e.g., a duck). Each contrial gsed the same sequence of instructions as
the corresponding experimental grid. No more thawx@rimental or control grids were
presented in a row, and consecutive grids alwagiglifferent patterns of occluded slots.
Matched experimental and control grids were alvwssysarated by 8 or more other grids, and
each experimental grid occurred equally often keeford after its matched control. Half of the
participants were presented with one fixed sequehgeds, the other with the reverse

sequence.

Each new grid appeared for 5,000 ms of study tsodlfat participants could infer the
ignorant director’s view of the grid) before thelal instructions began. Verbal instructions
for a given grid were then presented at 5,000-rt&svals. The entire experiment was run in a
single block lasting approximately 20 minutes. Experiment was run on a standard desktop

PC using E-prime experimental software.

EXPERIMENT 1



Method

In Experiment 1, 50% of all instructions were giv®nthe ignorant director and 50% by the
informed director. The critical (experimental amdkaguous) instructions were always spoken
by the ignorant director. These critical instrunavere further divided into “switch” and
“noswitch” trials. On “switch” trials (50% of totadritical trials) the filler instruction
immediately preceding the critical instruction v&g®ken by the informed director. On “no-
switch” trials the filler instruction immediately@ceding the critical instruction was spoken

by the ignorant director.

Procedure

Participants were shown an example grid. They wadethat the informed director could see
all the items in the grid because she was on the sade of the grid as them. They were told
that the ignorant director could not see what wahe covered slots, and to emphasize the
difference in perspective, participants were shtivensame grid from the ignorant director’s
perspective. It was emphasized to participantstheignorant director did not know what
was behind the covered slots and that it wouldrg@ortant to take the directors’ points of
view into account when following their instructiorzarticipants were asked to respond as
quickly and accurately as possible. They then cetegltwo practice grids before proceeding

to the main experiment.

Results and discussion

Our primary interest was in participants’ errolerbecause our measure of response time
lacked the fine-grained temporal resolution ofelge-tracking data of Keysar et al. (2000,
2003) and of Nadig and Sedivy (2002). However, wieathalyse response times to check for

condition differences and in order to check for amgns of trade-offs in speed and accuracy.



Error analysis

For 101/114 errors (88.6%) participants selectedlibtractor object, for 4/114 (3.5%)
participants selected a different object, and fad9 (7.9%) participants responded too
slowly (more than 5,000 ms from the start of theectior’s instruction). All other experiments
in the current paper also showed a similar higlperioon of distractor errors, and since the
other error types could not be interpreted easityy the rate of distractor selection was

counted for analysis in any experiment.

Consistent with the findings of Keysar et al. (20Q@&rticipants frequently made errors on
relational experimental trials (e.g., erroneougliesting the smallest ball from privileged
ground (that only they could see) in responseedrtbtruction “move the small ball . . . "),
but never made errors on control trials where tinag no potential referent in privileged
ground. This difference was significant for bothtstv and no-switch conditions (both ps <
.001 by sign test). However, participants wereigiobring the director’s perspective in either
switch or noswitch conditions: If they had, theyuldhave made errors 100% of the time,
and this was not the case (49% in switch condid@% in no-switch condition): one-sample
t test, both ts(19) > 5.6, both ps <001. Nor wdketcase that this level of performance
corresponded to some participants consistently¢pttie director’s perspective into account
while others consistently ignored the director’'sspective. It is clear from Table 1 that most
participants made some correct and some incoregponses. This clearly suggests that
participants understood the requirements of tHedasd were trying to take the director’s

perspective into account, but did not always manag® so.

A similar pattern was observed for ambiguous triBEticipants sometimes selected an item
from privileged ground on experimental trials, bever on control trials. This difference was

significant for both switch and no-switch conditsofboth ps <.002 by sign test). Once again,



participants were not ignoring the director’s pexgyrve: If they had, they would have made
errors 50% of the time, and this was not the ch6&o(in switch condition, 15% in no-switch

condition) one-sample t test, both ts(19) >9.0hkpst <.001.

To examine the effect of perspective switching wieeed the percentage error on
experimental triafSinto an analysis of variance (ANOVA) with probleype (relational vs.
ambiguous) and perspective switching (switch vsswiich) as within-subject factors. This
analysis revealed a significant effect of problgpet F(1, 19) = 25.5, p <.001, with more
errors on relational trials than on ambiguousdridhere was no effect of switching

perspective, F(1, 19) = 0.32, p = .58, and no adieon, F(1, 19) = 0.02, p = .90.
Response time analysis

Response time was measured from the onset of eaithation, and because the instructions
for ambiguous trials were shorter than instructifargelational trials, we considered data
from these trials separately. Data from incorresponses were excluded (87/320 = 27.2% of
total responses). For relational trials, 12/232%&). of the remaining response times falling
more than 2 standard deviations from the samplenmeae excluded. The resulting loss of
data (due almost exclusively to the high error)rateant that 6 participants had no data for
one or more cells of the experiment. These pagitipwere excluded from this analysis

Data were entered into an ANOVA with condition (edmental vs. control) and perspective
switching (switch vs. no-switch) as within-subjéattors. This analysis revealed no
significant effects (all Fs < 1.43, all ps >.25)ggesting that the lower accuracy in

experimental relational trials was not a resulfaster responding.

* Here and throughout, control trials were not ineldavhen comparing error rates across conditionausec
they showed zero variance (there were no errors).

* An alternative analysis in which the missing dagreweplaced with the group mean values from tievaet
condition yielded exactly the same pattern of digant and nonsignificant results.



For ambiguous trials 27/320 (8.4%) data points vesituded as errors, and 15/293 (5.1%)
outlying data points were removed. An ANOVA withnelition (experimental vs. control)
and perspective switching (switch vs. no-switchyvahin-subject factors revealed a
significant effect of condition, F(1, 19) = 9.08=p007, with faster responses on
experimental trials than on control trials. Thises the possibility that the greater error rate
on experimental trials may have been the resyadiicipants trading accuracy for speed.
There was also a significant effect of switchinf,A9) = 9.20, p =.007, with slower
responses on switch trials than on no-switch trials the interaction between switching and
condition was nonsignificant, all F(1, 19) = 2.p8,= .115, indicating that switching did not
specifically slow down the perspective taking nseeg on experimental trials, but just

resulted in slower responses in general.

The results from Experiment 1 are consistent wiglysar et al.’s (2000, 2003) finding that
adults often fail to use ToM information (about whaspeaker does or does not know) to
constrain interpretation of a speaker’s utterambe. lower error rate on ambiguous trials than
on relational trials is consistent with Keysar lesg2003) prediction that participants might
be prompted to take the speaker’s perspective ofter when an egocentric interpretation of
the utterance was ambiguous and so could not ladhelnterpreted from self-perspective.
However, we cannot interpret this result with cdafice because the baseline for this
condition was 50% compared with 100% errors inrdtational condition, and participants
were also faster in the ambiguous condition thahéncontrol condition, suggesting a
potential speed—accuracy trade-off. Interestingbugh, participants remained error-prone in
the ambiguous condition, suggesting that they nyhave been prompted to take the

director’s perspective or repair their interpretatof the instructions on all trials.

Importantly, although participants were prone toaamtric errors this tendency was not

increased on switch trials, when the critical instion from the ignorant director followed an



instruction from the informed director. This wowddggest that the tendency for egocentric
errors is unaffected by perspective switching. Hasvean alternative possibility is that
participants actually took the ignorant directqré&rspective throughout the task (i.e., even
when they should have taken the informed direcioeispective), but were not wholly
successful at using this information to guide thesponses, resulting in the observed errors.
This was a viable strategy because although saite)(instructions came from the informed
director, these instructions could always be ansdeprrectly on the basis of the ignorant
director’s perspective. If participants pursued ttrategy, our putative “switching”
manipulation would not in fact have required pecspe switching because participants
would be continually adopting the ignorant diredqerspective. This might have led us to

underestimate the errors made on switching trials.

To address this possibility in Experiment 2a we enadninor alteration to the design so that
critical instructions for relational trials someggicame from the informed director. If
participants consistently adopted the ignorantatiimés perspective, they would tend to make
errors on critical instructions from the informededtor. For example, if the informed
director instructed them to “move the small batién the correct response is for participants
to select the smallest of the three visible bélswever, if participants were simply adopting
the ignorant director’s perspective, they wouldtakenly move the medium-sized ball. We
reasoned that the presence of such instructions tine informed director might have two
effects. First, if participants were not switchipegyspectives according to speaker in
Experiment 1 but were doing so in Experiment 2ntive should see more errors in
Experiment 2 than in Experiment 1 on trials wheagipipants had to switch perspectives to
that of the ignorant director. Alternatively, ifiigipants used a strategy of inflexibly
adopting the ignorant director’s perspective thiaug, this should increase the error rate

when responding to critical instructions from théormed director, even though the informed



director shared the participant’s perspective. Vaeate this error rate for critical instructions
from an informed director, we needed a baselin@litiom in which we were sure that
participants would not be taking the perspectivarofgnorant director. For this purpose we
ran Experiment 2b, in which the informed and igmbidirectors were visible, but all
instructions were spoken by the informed direcédrinstructions were therefore given from

the same perspective as that of the participants.

EXPERIMENTS 2A AND 2B

Method

Both experiments were based upon the same piatgke@und stimuli from Experiment 1

(see Figure 1b). The only difference in Experint&mivas that the 4/8 critical relational trials
and their 4 matched control trials from Experim&ntere now spoken by the informed
director. Whether spoken by the ignorant or infadrdeector, all relational trials were
“switch” trials, because the foregoing instructiwas always delivered by the other director.
The same manipulation could not be applied to aodaig trials, because these instructions
were genuinely ambiguous when delivered by therméal director. Thus, in Experiment 2a
instructions for ambiguous trials were always spolkg the ignorant instructor, but these data
were not analysed. In Experiment 2b all experimentd filler instructions were delivered by
the informed director, including instructions fankiguous trials. Once again, the data from

ambiguous trials were not analysed.

EXPERIMENT 2A

Results

Only data from relational trials were considereddnalysis.

Error analysis



As observed in Experiment 1, when the criticalnnstion involved a switch to the ignorant
director’s perspective, participants were pronméke errors on experimental trials (where
the discrepant perspective affected how the instmushould be interpreted) but not on
control trials. This difference was significant,(f901 by sign test). The absolute error rate did
not differ from that observed in Experiment 1: ipdedent-samples t test, t(38) = 1.05, p =
.30. The same pattern was observed when the tiigtauction involved a switch to the
informed director’s perspective (p < .001 by sigst}. However, as is clear from Figure 2, in
experimental trials the error rate for switch-toegant was very much higher than that for
switch-to-informed. A paired-samples t test showesl difference to be significant, t(19) =

5.82, p <.001.

In both conditions participants performed signifitg better than the baseline of zero correct
responses, one-sample t test, both ts(19) . 4tB,d%0, .001, showing that they were not

ignoring the directors’ perspectives. In the igmbréirector condition most participants made
some correct and some incorrect responses (see Thalduggesting that they understood the
instructions and were trying to take the direct@esspective into account, but did not always

manage to do so.

Response time analysis

Data from correct responses were preprocessee isettne way as for Experiment 1, resulting
in the exclusion of 117/320 (36.5%) errors andurdher data points that fell 2 standard
deviations beyond the mean. A total of 6 partictpdacked data for one or more cells of the
design, principally due to the high error rate, #mabe participants were excluded from
analysis. An ANOVA with condition (experimental \ntrol) and perspective (informed vs.

ignorant) as within-subject factors showed no gigamnt effects of condition or perspective



(both Fs < .045, both ps > .84) and a nonsignifiteamd for an interaction, F(1, 13) = 3.42, p

= .087.

EXPERIMENT 2B

Results

Only data from relational trials were considereddnalysis.

Errors

Although the speaker’s perspective was congruetfit tivat of the participant, and there was
no switching of perspectives in Experiment 2b, ipgrants remained somewhat prone to error
on experimental trials (e.g., sometimes selectiegnedium-sized ball when requested to
move the small ball), but never made errors onrobtrials, and this difference was
significant (p , .001 by sign test). Our particulaterest was to compare the error rate in this
experiment with that in the switch-to-informed carmh of Experiment 2. As can be seen
from Figure 2, these error rates are similar, anthdependent samples t test confirmed this

difference to be nonsignificant, t(38) = 0.45, [686.

Response time analysis

Data from correct responses were preprocessee isettme way as for Experiment 1, resulting
in the exclusion of 143/320 (44.7%) errors and 1I4/(7.9%) data points that fell more than 2
standard deviations outside the mean. A paired Emmpest showed no difference in
response time for the experimental and contrastrigl9) = 0.12, p = .91. Our patrticular
interest was to compare response times in thisrempat with those for the switch-to-

informed condition of Experiment 2. An ANOVA witlondition (experimental vs. control) as

> This interaction (but not the main effects) wasigigant in an alternative analysis in which thessing data were replaced with the group
mean values from the relevant condition. Sepam@tgparisons of experimental and control trials fdoimed

and ignorant perspectives showed neither differémée significant, but the trend was for slowesp@nses to experimental trials than to
control trials when the speaker was ignorant ardtfbposite trend when the speaker was informed.



a within-subject factor and experiment (Experim2ats. Experiment 2b) as a between-
subjects factor showed no significant effects afdibon or experiment and no interaction (all

Fs < 2.05, all ps >.16).

Discussion of Experiments 1 and 2

In Experiment 1, participants were prone to errbewresponding to instructions that
required them to take account of the ignorant drex perspective, but no more so when the
critical instruction followed a previous instruatiéecom the ignorant director (no-switch trials)
than when it followed an instruction from the infogd director (switch trials). Our concern
was that this pattern could arise because partitsgEmply tried to adopt the ignorant
director’s perspective throughout the experimédnistundermining our perspective-switching
manipulation. Experiment 2a was designed to detenegate any such strategy by including
critical instructions from both the ignorant ane thformed director. We found no evidence
of such a strategy. Participants made significafieilyer errors responding to critical
instructions from the informed director than frome ignorant director, suggesting that
participants were indeed switching perspectivesvéi@r, participants made no more errors
when switching to the ignorant director’s perspexin Experiment 2a than in the switch
trials of Experiment 1. Moreover, when respondmgnstructions from the informed director
participants made no more errors when they hadiicls perspective (Experiment 2a) than
when they did not (Experiment 2b). The simplesti@axation of these patterns is that
participants were switching perspectives when resargsn both Experiments 1 and 2a but
that this made no difference to participants’ &pildo use a director’s perspective in
interpreting his or her instructions. On this evide, participants seemed remarkably adept at
perspective switching, and it seems unlikely thiicdlty with switching to the ignorant
director’s perspective is a reason for egocentrigre on this task in adult participants. This

finding is consistent with Nadig and Sedivy’s (2D0@Pservation that the effect of the



speaker’s discrepant perspective was detectabyequeckly, within 500 ms of the onset of

the critical noun in the director’s instruction ¢salso, Barr, 2008).

EXPERIMENT 3

The findings reported by Keysar et al. (2000, 2028) in Experiments 1 and 2 are surprising
given the expectation that communication shoulduided very efficiently by information
about the speaker’s perspective (e.g., Clark & Mais1981; Sperber & Wilson, 1995,
2002). However, it remains possible that ToM uselistively efficient, just less efficient

than originally supposed. If the efficiency of TaMe is to be properly evaluated, we need to
compare a condition that requires ToM use with aimally different condition that does not
require ToM. Thus, in Experiment 3 we created aTfol condition by removing directors
from the scene and introducing the arbitrary bonpdée rule that participants should follow the
verbal instructions but avoid objects in slotsta grid that had a grey background.
Performance in this non-ToM condition was compavét performance in a ToM-use
condition with a single, ignorant director. In batie ToM-use and the non-ToM conditions
participants viewed the same grids of objects, ché@ same verbal instructions, and had to
limit the field of potential referents for the insttions to the same subset of objects.
However, in the ToM-use condition the reason faniting the field of potential referents was
the fact that the director did not know about tldglan objects whereas in the non-ToM
condition the reason was that an arbitrary rul¢éatikd that these objects in slots with a grey

background were to be ignored.

One possible pattern of data was that even if@paits were error-prone in the ToM-use
condition, they would be much more error-pronesag a rule that is arbitrarily related to the
task of communication in the non-ToM conditionT6M information were privileged in this

way, this would be consistent with theories tha&t semputation of an interlocutor’'s



perspective as a necessary step in communicatobthamapparatus for such computations as
an integral part of the cognitive apparatus fogleage processing (e.g., Sperber & Wilson,
1995, 2002). Another possibility was that particifzawould be no better—or possibly even
worse—at using ToM information to guide communigatin the ToM-use condition. If ToM
information is not privileged then the more parsmoois explanation would be to assume that

ToM use involves generic executive processes.

Method

Participants

A total of 40 participants took part in Experim@tAll were undergraduate students ranging
in age from 18-28 years. A total of 8 were malé.ré¢eived course credits or a small cash

honorarium.

Design and materials

There were two conditions: the “ToM-use” conditemd the “non-ToM” condition. In the
ToM-use condition all instructions were deliveradhe voice of one director, who was
unable to see items in occluded slots of the gud, this was a “standard” version of the ToM
use task used by Keysar et al., 2000, 2003). ImtimeToM condition there was no director
visible on the screen, but identical instructioresevdelivered in the same male voice as that
in the ToM-use condition. Participants were giviea simple rule that the instructions they
would hear would not refer to items in the darkkeatslots (the same as those that the
instructor could not see in the ToM-use conditidrjus, the non-ToM condition did not
require perspective taking; it did, however, regurrule to be held in mind and used to
narrow the field of potential referents for the sages to exactly the same set of objects as
that in the ToM-use condition. Participants wemed@mly assigned to either the ToM-use or

the non-ToM condition.



Both conditions of the experiment were based upersame grids and objects as those used
in Experiments 1 and 2, except that the ToM-usalitimm pictures had a single director (see
Figure 1a), and the non-ToM condition had no doe(tee Figure 1c). The sound files were
based on a slightly different instruction. For tiglaal trials participants were instructed to
“Move the [adjective noun] left/right/up/down onlets, and the offset of the noun occurred
an average of 1,402 ms after the start of the seatd-or ambiguous trials participants were
instructed to “Move the [noun] left/right/up/down@slot”, and the offset of the noun

occurred an average of 1,027 ms after the stdheo$entence.

Procedure

Participants in the ToM-use condition were showm@ample grid. They were told that the
director could not see what was in the coveredslatl did not know what was in these slots.
To emphasize the difference in perspective, paditis were shown the same grid from the
ignorant director’s perspective. They were told thevould be important to take the

director’s perspective into account when followthg instructions.

Participants in the non-ToM condition were showreaample grid. Their attention was
drawn to the fact that several slots in the grid aalark-grey back (these were the occluded
slots in the ToM-use condition) while some hademacback (the slots that could be viewed
by the director in the ToM-use condition). Partamps were told that the instructions they
would hear would only refer to items in the clelats and that it was important for them to

take this into account when following the instroos.

Results

Error analysis



Consistent with our earlier findings, participafitequently made errors on relational and
ambiguous experimental trials, but never on coritrals, whether they were in the ToM-use
or non-ToM condition (all ps, .001 by sign tedthnetheless, in all cases they performed
significantly better than the baseline of 0% carrmeaelational trials and 50% correct in
ambiguous trials, one-sample t test, all ts(19)7% &ll ps < .001, showing that they were not
ignoring the director’s perspective or the simpler As for the earlier experiments most
participants made some correct and some incorespbnses (see Table 1), suggesting that
they understood the instructions and were tryinake the director’s perspective into

account, but did not always manage to do so.

To compare the ToM-use and non-ToM conditions wered the percentage error in
experimental trials (see Footnote 3) into an ANOWi#h problem type (relational vs.
ambiguous) as a within-subject factor and condifiboM use vs. non-ToM) as a between-
subjects factor. As expected, this analysis redealsignificant effect of problem type, F(1,
38) = 36.7, p <.001, with more errors on relatldrials (baseline error rate = 100%) than on
ambiguous trials (baseline error rate = 50%). Thes a significant effect of condition, F(1,
38) =10.2, p =.003, with more errors in the Tobkwwondition than in the non-ToM
condition, and a significant interaction, F(1, 38§.28, p = .01. This interaction was
investigated with post hoc t tests, which showexd tor relational trials there were
significantly more errors in the ToM-use conditibian in the non-ToM condition, t(38) =
3.34, p =.002, whereas for ambiguous trials thedition means differed in the same

direction, but this was nonsignificant, t(38) =4,.4 = .16.

Response time analysis

Data from correct responses to experimental anttadnals were preprocessed separately

for relational and ambiguous trials in the same asyor Experiment 1. As can be seen from



Figure 2, overall response times were somewhateslfov this experiment, but this can be
accounted for by the fact that the offset for nowthe instructions for this experiment
occurred some 300—400 ms later than in the instmgfor Experiments 1 and 2. For
relational trials preprocessing resulted in theaeah of 185/640 (28.9%) errors and the
exclusion of 15 data points that fell 2 standardatens beyond the mean. A total of 4
participants lacked data for one or more cellhefdesign, mainly due to errors, and these
participants were excluded from the analysis. AnCAM with trial type (experimental vs.
control) as a within subject factor and conditidol use vs. non-ToM) as a between-
subjects factor showed no significant effectskalk .72, all ps > .40; see Footnote 4). For
ambiguous trials, preprocessing of the data resutéhe exclusion of 27 data points. An
ANOVA with trial type (experimental vs. control) aswithin-subject factor and condition
(ToM use vs. non-ToM) as a between-subjects fatiowed a marginally significant effect
of condition, F(1, 38) = 3.72, p = .061, with anefor slower responses in the ToM-use
condition. No other effect was significant (both<$8.38, all ps > .54). In sum, the response
time analyses gave no reasons for suspectingheatifferences between conditions observed

in errors were the result of a trade-off betweezesipand accuracy.

Discussion

These results provide no support for the predidiiat information about a speaker’s
knowledge is a privileged constraint on interprgiimstructions in referential communication
tasks. Instead, the results suggest that partitspperienced some difficulty when
interpreting instructions according to a simpldijtary rule unrelated to communication, but
experienced even greater difficulty when they inteted instructions on the basis of the

speaker’s knowledge.



Of course, the finding that ToM use is relativeiffidult compared with a matched non-ToM
task does not of itself rule out the possibilitgitioM use depends upon specialized cognitive
apparatus for integrating communication with ToMttjust happens to be relatively
inefficient. However, this interpretation seemsttnagtive since superior efficiency is the
primary motivation for suggesting that ToM use deggeupon specialized cognitive apparatus
(e.q., Sperber & Wilson, 1995, 2002). A simplerlexgation is that ToM use (at least of the
kind studied here—see General Discussion) is wetierror-prone because it makes
significant use of capacity-limited executive cahirocesses for inferring and holding
information in mind and using it when necessargdostrain interpretation of the director’s
instructions. Direct evidence for this hypothegises from preliminary observations that
individual differences in adults’ error rates om@M-use task are significantly correlated with
individual differences in performance on testsxdaitive function (Qureshi, Apperly, &

Samson, 2007).

What specific aspects of ToM use gave rise to adeitors? Experiment 3 suggests that
adults’ difficulties are not merely with processiwerbal instructions, with processing a
complex visual array, or with narrowing the fieldpmtential referents to a subset of the
visible objects: These features were common t@ tid-use and non-ToM conditions. A
distinctive feature of the ToM-use condition was tteed to infer the director’s perspective,
and there is independent evidence that such infesecarry a processing cost for adults
(Apperly et al., 2006). However, participants hadsiderable time (5 seconds) to study the
grid of objects before hearing any verbal instiutsi, and we think it is unlikely that the need
to infer the director’s perspective was the sowfggarticipant’s errors. Instead, we suggest
that having inferred the director’s discrepant pecdive in the ToM-use condition,
participants found it more difficult to hold thisformation in mind than to hold in mind the

same set of items to select and avoid in the ndvl-Gondition. There is existing evidence to



suggest that, when holding in mind a discrepardpsative, participants are particularly
vulnerable to interference from their own knowled@eecent study found interference
between information about the real colour of areoband a person’s false belief about the
object’s colour when this information had been Heidfly in mind (Apperly et al., 2008). In
the current task the problem of holding in mind $leé of items about which the director is
informed and ignorant presents a substantially rmoneplex task for participants than that
used by Apperly et al. (2008), so it is plausilblattthis was a significant source of difficulty.
Moreover, in the current task participants not dmyg to hold the director’s perspective in
mind but actually needed to use this informatiomterpret instructions. It is possible that
actually using information about a conflicting geestive (as opposed to merely remembering
and reporting it; Apperly et al., 2008) made paotanits yet more vulnerable to interference

between the perspectives of self and other.

GENERAL DISCUSSION

The current experiments (like those of Keysar ¢t2800, 2003) presented adult participants
with the problem of interpreting instructions fraspeaker (the “director”) who only
partially shared their own knowledge of an arraplgjects. The interesting finding from
earlier studies (Keysar et al., 2000, 2003) wasdbapite the conceptual simplicity of this
task, adult participants often failed to take tireator’s lack of knowledge into account,
sometimes selecting items that he did not know ehsueferents of his instructions. Keysar
et al.’s tasks were run with real arrays of objectd real speakers, whereas the current
studies were based upon simple cartoon stimulipgaecorded instructions. Despite these
changes in method, our basic findings resemblestbb&eysar et al. (2000, 2003), with adult
participants showing a strong tendency for egoaeatrors when interpreting instructions
from a speaker who did not share their knowledgeoskible referents. The novel

contribution of the current studies is to casttligh the reasons for these errors. In



Experiments 1 and 2 we tested whether egocentocsemight arise as a result of a failure to
switch to the perspective of the ignorant directde found that participants’ rate of
egocentric errors was not affected by the neewvittls between perspectives. That is to say,
participants were no more egocentric when respgndinnstructions from an ignorant
director on trial N when trial N — 1 involved arstruction from an informed director who
shared the participant’s perspective (so perspestvitching was necessary on trial N) than
when trial N — 1 involved an instruction from thery same ignorant director as that in trial N
(so perspective switching was unnecessary onNjiain Experiment 3 we found that
participants made more errors in a ToM-use condlith@n in a closely matched non-ToM
condition, suggesting that, beyond any generalggsiog demands, participants were
specifically limited in their ability to hold in md the director’s perspective and use this to
guide their responses.We suggest that this lironatiay be in generic executive processes,
rather than in processes specialized for commuaitatnd that such executive processes

therefore have a specific role in ToM use, not yaregeneral task performance.

We believe this provides a plausible explanatiarttie puzzling difference between Nadig
and Sedivy’s (2002) finding that 5- to 6-year-ohdidren showed sensitivity to the speaker’s
restricted perspective in a ToM-use task and Kegsat.’s (2000, 2003) findings that adults
are prone to egocentric errors on a similar tasthodgh the conceptual demands of the
perspective-taking tasks used in these studies @gsentially the same, Nadig and Sedivy’s
task employed far smaller grids with far fewer itgrso plausibly made lower executive

demands than the tasks employed by Keysar ancagoks (and in the current experiments).

Several direct predictions follow from this integpation: First, adults should perform
significantly better on simpler tasks and worsermre complex tasks; second, children
should perform well on increasingly complex taskihwncreasing age; and third, in all cases,

individual performance should correlate with indival differences in the relevant executive



processes. More generally, in development, a sagmf role for executive functions in ToM
use would help explain improvements in childrervergday ToM abilities long after they
pass standard tests of their possession of ToMemis.cConverging evidence for the
plausibility of this suggestion comes from the fiett executive functions and the neural
regions supporting these functions (predominamtyans of prefrontal cortex, e.g., Stuss &
Knight, 2002) continue to mature throughout latatdhood and adolescence (e.g., Casey,
Tottenham, Liston, & Durston, 2005). And indeedeeent study using a similar ToM-use
task to that used in Experiment 3 found signifidamrovements in ToM use throughout late
childhood and adolescence, with disproportionagravement in late adolescence

(Dumontheil, Apperly, & Blakemore, in press).

It is important to reemphasize that our conclusiorthe current paper concern the role of
representations of the speaker’s mental stateithrguinterpretation of the speaker’s
utterances and are not intended to assess thindkel of egocentric errors in naturally
occurring communication. We think the current tes& good laboratory model for certain
aspects of ToM use. It is a common enough situdtiahwe explicitly know some facts about
what a speaker knows or wants and use this topirgewhat they mean by what they say. We
might expect that the conclusions from the curstadies would extend to the opposite
problem of designing one’s own language on thesbafseéxplicit knowledge of what our
listener(s) know. However, it is clear that thisgie task will not capture the roles of a variety
of more complex and more simple processes thaieeammunicators to coordinate their

mental states.

We think it highly likely that more executive fuinms play a significant role beyond those
discussed here. One such function is dealing vilitlstfuctured situations” (e.g., Burgess,
Gilbert, Okuda, & Simons, 2005; Goel & GraffmanPRPwhere the appropriate response is

not determined exclusively by the physically preésgmuli or the task set. Everyday



communication represents a clear case of an ukgired situation, because it is frequently
necessary to go beyond the words and objects thatarently present and the general
objective of taking the speaker’s perspective atoount. One has to decide when it is
appropriate to take the speaker’s perspectivewdmch aspects of his or her perspective are
actually relevant to interpreting what they arerently saying. The ToM-use task employed
in the current studies lacks this real-life undetiaand so does not test this aspect of

executive function.

Equally, there may be many ways in which listerzerd speakers adapt to one another’s
mental states without inferring mental states aitbdlout placing a significant burden on
executive processes, but the necessary cues éhfriealy available in everyday
communication were not available in the task uss@.hFor example, listeners can often see a
speaker’s eyes, and there is evidence that infeomabout eye gaze is used rapidly online to
resolve ambiguous reference (Hanna & Brennan, 200'0ur task we had the ignorant
director wear dark glasses, following pilot workwhich even the static cartoon eyes of our
director were sufficient to give a compelling imgsen that he was referring to specific
objects in the array. Moreover, as Keysar et &l08} point out (see also Pickering & Garrod,
2004) communicators do not typically have to intetpaw instructions in the manner of the
present task, because everyday communication giaey opportunities for verbal and
nonverbal feedback, by which comprehension diffiealcan be signalled and extra
information provided. The elimination of such cureshe present task is essential if we wish
to study a listener’s ability to use explicit Tokférences to guide online interpretation, but
equally this means we are most certainly not tappihof the processes by which

communicators coordinate their mental states fimcgfe communication.

The present findings suggest that this is probabigry good thing, since even adults are

relatively poor at using explicit inferences abatiat someone else can see or know to



interpret what they say. On the one hand, explickl inferences undoubtedly play a role in
guiding communication. On the other, much of thisden of coordinating speakers and
listeners is likely to be carried by a variety abma efficient processes that operate without

explicit computations about their mutual mentatega
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Table 1. Frequency of each possible number of srirothe experimental conditions of Experiments

1-3.
Number of errors
Condition 0 |[1|2|3|4|5|6|7]|8
Experiment 1 | Relational (no-switch) 4, 4 5 b R | |- |- |
Ambiguous (no-switch) 10 8 2 D 0 |- |- |- |-
Relational (switch) 71 1 2 6 4 + F F -
Ambiguous (switch) 9] 9 2 0 O } +r F F

Experiment 2a | Relational (ignorant instructor)] 20 b (1 |8 (4 |- |- |- |-

Relational (informed instructor) 9 8 3 |0 [0 |- |- |- |-

Experiment 2b | Relational (informed instructor) 6/ 8 4 |0 [0 |0 (1|0 |0

Experiment 3 | Relational (ignorant instructor)] 1] R (2 |3 |3 |3 |3 (4|1

Ambiguous (ignorant instructorf) 4 6 |6 (2 [2 |0|0|0]|O0

Relational (simple rule) 6] 4 2 B 2 |1 |1 |0 |1

o
o
=
o
o
o
o

Ambiguous (simple rule) 8| ¥




Figure 1. Examples of stimulus items from an expenital relational trial from each experiment.
Figure l1a represents the “standard” condition siarito Keysar et al. (2000) and as used in the ToM-
use condition of Experiment 3 of the current stidy.the instruction “Move the small ball one slot
down”, Object x is the correct referent, and Objgds the distractor. A matched control stimulus is
formed by swapping Object y for a different objecy., an aeroplane). Figure 1b represents stimuli
with an informed as well as an ignorant directos, wsed in Experiments 1, 2a, and 2b. Figure 1c
represents a stimulus from the non-ToM conditioBx@deriment 3, in which there was no director. To

view a colour version of this figure, please seedhline issue of the Journal.
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Figure 2. Percent error (upper panel) and respotise (lower panel) for the experimental and
control conditions of Experiments 1-3. NB. Errotaavas zero for all control trials, and only data

from relational trials were analysed for Experimg@a and 2b.



