
RESEARCH ARTICLE

Online pragmatic interpretations of scalar

adjectives are affected by perceived speaker

reliability

Bethany GardnerID
1☯, Sadie Dix2☯, Rebecca LawrenceID

3, Cameron Morgan3,

Anaclare Sullivan4, Chigusa KurumadaID
3*

1 Department of Psychology and Human Development, Vanderbilt University, Nashville, Tennessee, United

States of America, 2 Friedman School of Nutrition Science and Policy, Tufts University, Boston,

Massachusetts, United States of America, 3 Department of Brain and Cognitive Sciences, University of

Rochester, Rochester, New York, United States of America, 4 Department of Epidemiology and Biostatistics,

University at Albany, Albany, New York, United States of America

☯ These authors contributed equally to this work.

* ckuruma2@ur.rochester.edu

Abstract

Linguistic communication requires understanding of words in relation to their context.

Among various aspects of context, one that has received relatively little attention until

recently is the speakers themselves. We asked whether comprehenders’ online language

comprehension is affected by the perceived reliability with which a speaker formulates prag-

matically well-formed utterances. In two eye-tracking experiments, we conceptually repli-

cated and extended a seminal work by Grodner and Sedivy (2011). A between-participant

manipulation was used to control reliability with which a speaker follows implicit pragmatic

conventions (e.g., using a scalar adjective in accordance with contextual contrast). Experi-

ment 1 replicated Grodner and Sedivy’s finding that contrastive inference in response to

scalar adjectives was suspended when both the spoken input and the instructions provided

evidence of the speaker’s (un)reliability: For speech from the reliable speaker, comprehen-

ders exhibited the early fixations attributable to a contextually-situated, contrastive interpre-

tation of a scalar adjective. In contrast, for speech from the unreliable speaker,

comprehenders did not exhibit such early fixations. Experiment 2 provided novel evidence

of the reliability effect in the absence of explicit instructions. In both experiments, the effects

emerged in the earliest expected time window given the stimuli sentence structure. The

results suggest that real-time interpretations of spoken language are optimized in the con-

text of a speaker identity, characteristics of which are extrapolated across utterances.

Introduction

One of the essential properties of linguistic communication is its capacity to convey meanings

beyond what is explicitly stated [1]. Speakers cannot, and do not, encode every detail of the

information they are intending to communicate. Comprehenders therefore need to integrate
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extra-sentential sources of information (e.g., local context, common ground, world knowl-

edge) to infer the speaker’s pragmatic intentions [2–5]. There is now a great deal of evidence

that the preceding linguistic discourse [6–9], visual context ([10–12] but see [13]), and task

constraints [14, 15] can shape pragmatic inference during online language understanding (see

[16, 17] for reviews). Many questions remain open, however, about what constitute a context

and when a particular context is considered in language processing.

The goal of the current study was twofold. First, we conducted a conceptual replication of a

seminal study in this domain conducted by Grodner and Sedivy [18]. They proposed that lis-

teners consider a speaker, and the reliability with which they produce pragmatically well-

formed utterances, as part of contextual information. As we describe below, the importance of

Grodner and Sedivy’s work has now been firmly established. The experimental results, how-

ever, have not been widely replicated (but see [19]). The second goal was to extend the insight

of Grodner and Sedivy [18] to ask a novel question: Is a top-down, explicit instruction to

declare the pragmatic (un)reliability of a speaker necessary to trigger a modulation of prag-

matic processing? This relates to a broader scope of inquiries into the nature and effects of a

speaker as context. Do listeners constantly assess and integrate speaker information in their

processing? Or alternatively, do they consider it only under special circumstances where the

need to do so is explicitly asserted?

Grodner and Sedivy’s [18] experiment built on an earlier, now classic, study that illustrated

the significance of context and pragmatic knowledge in language understanding. In a visual-

world eye tracking experiment, Sedivy and her colleagues [20] asked participants to manipu-

late objects based on spoken instructions such as “Pick up the tall glass”. An array of objects

consisted of a target item (e.g., a tall glass), a competitor (e.g., a tall pitcher), a contrast (e.g., a

short glass), and a distractor. The results showed that the partial instruction “Pick up the tall

—” elicited an increase in fixations to the tall member of the contrast pair (e.g., the tall vs.

short glasses) rather than the other tall object (e.g., the pitcher) in the display. This is taken as

evidence that listeners are interpreting the scalar adjective (e.g., tall) in relation to the size con-

trast present in the given context. Indeed, no such early fixations were observed when the dis-

play did not contain a contrast item (e.g., only the tall glass and the tall pitcher present, no

short glass). This seemingly simple example illuminates the flexibility and speed with which

comprehenders integrate contextual information into the resolution of referential ambiguity.

It also establishes anticipatory looks to a target as an important tool that provides a window

into the real-time pragmatic interpretation of scalar adjectives (see also [21–23]).

One remaining question of theoretical significance was whether the early fixations, as

observed in [20], indeed reflected comprehenders’ pragmatic (as opposed to semantic) inter-

pretation of a scalar adjective, generated in a given context, on the fly [24]. This is the question

Grodner and Sedivy [18] set out to address. If the early fixations are pragmatic in nature, such

inference should be defeasible i.e., canceled without contradiction when a context does not

support it. If, on the other hand, the fixations are attributable to the comprehender’s semantic

knowledge of scalar adjectives, they should persist across contexts. As a means to probe the

defeasibility, they manipulated the pragmatic cooperativeness (“reliability”) of the speaker.

Using a between-subject design, they introduced a “reliable” speaker, who conformed to the

general cooperative principle of communication [1], providing necessary and sufficient modi-

fication to pick out a target referent in a scene. To a different group of comprehenders, they

introduced an “unreliable” speaker, who “suffers from a communicative and language

impairment” and thus was unlikely to formulate referential expressions with contextual

demands in mind. They found that comprehenders exposed to the reliable speaker generated

the early fixations in response to a scalar adjective, as per [20], while those exposed to the unre-

liable speaker did not.
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This and similar studies have demonstrated that a speaker’s communicative abilities and

their knowledge states constitute an important contextual backdrop for language processing.

Arnold, Hudson-Kam, and Tanenhaus [25], for instance, found that comprehenders stopped

interpreting an instance of a disfluency (such as “uh” or “um”) as a cue to an infrequent object

label when the speaker was believed to suffer from object agnosia (see also [26]). Expectations

for the speaker’s reliability, cooperativeness, and expertise have been found to modify a prag-

matic interpretation that would otherwise be evoked [22, 25, 27–31]. Importantly, as in [18,

25], some of these effects were detected in real-time (online) language processing as well as in

offline judgments. In some hegemonic views on pragmatic interpretation of speech, all contex-

tual information is registered and processed after a semantic meaning of an utterance is

derived ([19, 31–33], for a review, see [34, 35]). The rapid and immediate impact of speaker

information on the interpretation of a scalar adjective runs counter to this view. It instead sug-

gests that at least some contextual information can be integrated synchronously into process-

ing as the input unfolds over time [36].

To further expand our understanding of the significance of speaker-information in prag-

matic processing, we need to address two limitations of the extant body of work. One limita-

tion concerns replicability of study results. As we discuss below, the influential work by

Grodner and Sedivy [18] included design and analysis features that might limit the generaliz-

ability of their results. Importantly, the original study involved a human experimenter provid-

ing live instructions. Although the interactive nature of the experiment was important in

examining pragmatic inference over characteristics of the speaker, it reduced the amount of

control over stimuli, resulting in increased variability across trials and subjects. Here we pro-

vide a conceptual replication of their experiment using pre-recorded speech with some modifi-

cations in technical details of experimental and analysis procedures.

Second, it is not as yet clear whether, and if so to what extent, comprehenders can spontane-

ously integrate speaker-information without an explicit instruction to do so. Most of previous

studies on the topic of speaker information used explicit instructions (e.g., “This speaker suffers

from an impairment”) to establish the pragmatic trait relevant to their manipulation. Such

explicit characterizations of the speaker are, however, rare in our ordinary linguistic communi-

cation. More common are situations in which comprehenders have a perceived sense of the

speaker’s pragmatic (un)reliability from the observed productions. If the speaker-reliability effect

is observed only in the presence of an explicit instruction, its importance and validity in natural-

istic language uses will be limited. In the current study, as we describe below, we construct a new

condition in which comprehenders encounter the linguistic evidence of speaker (un)reliability

while receiving no explicit prompts to anticipate any anomaly in referential expressions.

Current study

The goals of the current study were thus twofold. First, we aimed to conceptually replicate the

experiment of Grodner and Sedivy [18]. Despite its considerable impact, their reliability

manipulation has been replicated by only a few [19, 37]. The present experiments were also

designed to complement the strengths and weaknesses of the original study:

1. Whereas the original study used confederate human interlocutors, we employed a com-

puter-based paradigm. While human interlocutors can increase the ecological validity of an

experiment, there are also procedural challenges stemming from more spontaneous inter-

actions (for a review, see [38]). Of particular relevance for the present purpose, our com-

puter-based paradigm ensures that the delivery and timing of the input are identical across

participants, differing only in the intended between-participant manipulations regarding

speaker reliability.
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2. The original study contained an additional (unrelated) manipulation to test effects of deictic

expressions (D. Grodner, personal communication), which we excluded. This approach in

the present paper reduced the number of statistical tests to be conducted and provided a

direct test of the reliability effect on the interpretation of scalar adjectives.

3. The original study, as well as that of Sedivy et al. [20], used a visual display with one or no

contrast item present (Fig 1). This method rendered the no-contrast trials “over modified”

for both the pragmatically reliable and unreliable speakers. As illustrated in the left panel in

Fig 1, the adjective “large (cup)” was used in a context where there is only one cup present.

This means that even in the reliable speaker condition, comprehenders were repeatedly

exposed to over-informative instructions. Although this itself does not confound the origi-

nal conclusion, it can neutralize differences between the reliable and unreliable speaker

conditions. To more cleanly separate these conditions, the present design replaced no-con-

trast visual displays with 2-contrast displays (as used in [15, 17]). The 2-contrast scenes do

not allow the comprehender to identify the intended referent on the basis of the adjective

alone (e.g., “large” could be compatible with the large cup and large apple), thus serving as a

baseline to measure the contrast effect in a 1-contrast visual display.

4. The eye-movement analysis of the original paper focused on the time window of 500ms

beginning 200ms after the adjective offset, an approach which is not well motivated for

assessment of anticipatory eye movements. (We discuss this issue in the general discussion.)

We instead used a 500ms window beginning 200ms after the adjective onset to be able to

detect the earliest effects of contrastive interpretations of an adjective. This analysis window

was chosen based on a conservative, empirically attested estimate of the earliest linguisti-

cally mediated saccades in the same type of four-picture display [39, 40].

We also aimed to assess whether explicit instructions about the pragmatic traits of the

speaker were required to cause speaker-dependent modulation of contrastive inference. In

other domains of language processing such as speech perception, it has been demonstrated

Fig 1. Example displays (no-contrast, 1-contrast vs. 2-contrast conditions) for the instruction, “Click on the large cup”. The no-contrast condition was used in

Grodner and Sedivy [18], but replaced with 2-contrast condition in the current experiment. This figure is original, compliant with the CC BY4.0 license, produced by

the current study team based on the information provided by Grodner and Sedivy [18]. The images for the 1-contrast and 2-contrast visual displays are also original.

They are similar, but not identical, to those that were used in the eye-tracking studies. They are presented here for illustrative purposes only.

https://doi.org/10.1371/journal.pone.0245130.g001
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that comprehenders are sensitive to speaker-specific differences even in the absence of explicit

instructions (e.g., [41–43], for reviews see [44, 45]). Evidence from speech perception also sug-

gests that speaker-dependent perception can emerge rapidly, after only a couple of minutes of

exposure [46, 47]. In the domain of real-time pragmatic processing, it remains an open ques-

tion whether comprehenders can modulate their inferences based on the information in the

linguistic input alone. Answering this question provides us with a window into the process

with which comprehenders adjust their moment-by-moment interpretations of the linguistic

input in context.

Finally, we conducted post-hoc analyses that assess how quickly the effects we observe

emerged across trials. Although this was not an original goal of our study, addressing this ques-

tion can shed light on underlying mechanisms responsible for adjustments of real-time lan-

guage comprehension to pragmatic reliability and other characteristics of talkers. The overall

patterns of results present intriguing questions to be addressed in future work.

Experiment 1

The aim of Experiment 1 was to extend Grodner and Sedivy [18] to test whether comprehenders

modulate their interpretation of scalar adjectives based on the speaker’s pragmatic reliability.

Method

Participants. A total of 48 undergraduate students from the University of Rochester par-

ticipated in the current study. All participants were native speakers of American English with

normal or corrected-to-normal vision and normal hearing. The experiment lasted roughly 30

minutes and participants received $10. The study protocol was approved by the University of

Rochester Research Subjects Review Board (Protocol number: 00057827). Written consent

was obtained from all participating subjects.

Materials. Experiment 1 consisted of 52 trials (4 example, 16 critical, and 32 filler trials)

in which participants saw a 2 x 2 grid of pictures of animals and common objects in conjunc-

tion with an auditory instruction regarding which item to click on (Fig 1) (Experimental sti-

muli, together with data and analysis scripts, are available through DOI 10.17605/OSF.IO/

QTY25). The visual stimuli were vetted through a prior experiment with 72 participants [48].

The instructions had the structure “Click on the X.” All participants saw eight critical trials in

the 1-contrast condition, in which the instruction contained the scalar adjective “large” or

“small” (e.g., “Click on the large cup”). The display contained a set of size-contrasting items,

one of which was the target item (e.g., a large and a small cup), and two distractors (e.g., a large

apple and a small scarf). Four items included the adjective large, and the other four included

small. Another eight critical trials comprised the 2-contrast condition, in which the auditory

stimulus again contained a scalar adjective (e.g., “Click on the large cup”), but the display con-

tained two sets of size-contrasting items, one pair that contained the target (e.g., a large and a

small cup) and one pair that did not (e.g., a large and a small apple). As in the 1-contrast condi-

tion, half of the critical items included the adjective large, and the other half included small.
Assignments of a given target item (e.g., a large cup) to the contrast conditions (i.e., 1- vs.

2-contrast) were counterbalanced across participants. That is, no participant saw a given item

in both 1- and 2-contrast conditions.

Visual stimuli in the 32 filler trials were identical across all the participants. 50% (16 trials)

of the filler trials belonged to the 1-contrast condition, and the rest belonged to the 2-contrast

condition. In the 1-contrast filler trials, target items were one of the singletons to mask the

contrast manipulation (e.g., apple or scarf in the example in Fig 1). Spoken instructions for the

filler trials were manipulated between the reliable- and unreliable-speaker conditions: Those
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in the reliable-speaker condition were optimally informative in encoding the size information

as necessary (i.e., no adjective to refer to a singleton). Those in the unreliable-speaker condi-

tion had the following features: 75% (24/32) contained an additional, superfluous modifier

(e.g., “Click on the small, pretty doll,” when only one doll was present). 12.5% (4/32) were

under-informative instructions (e.g., “Click on the doll,” when two dolls were present), and

12.5% (4/32) contained an incorrect noun (e.g., “Click on the large toothbrush,” with a hair-

brush on the screen).

Inclusions of these multiple types of pragmatically “non-optimal” instructions were moti-

vated by the original manipulation by Grodner and Sedivy [18], which included: a) explicit

instructions characterizing the speaker as suffering from an “impairment that caused language

and social problems”; b) a small number (4% of the totaling 200 instructions) of erroneous

labels and locations; and c) a large number of over-informative adjective use (88% of cases

where a bare-noun phrase would have been sufficient for a unique reference). Using these dis-

tinct types of instructions makes it difficult to pinpoint which of these make the speaker look

most unreliable. We nonetheless decided to include all the kinds in order to conceptually repli-

cate the original study, as well as to maximize the chance of participants picking up on the

pragmatic anomaly.

Four counterbalancing lists for each speaker condition were created by crossing: 1) a given

target item appearing in either the 1- or 2-contrast condition, 2) order of trials (forward vs.

backward).

Procedure. Participants were randomly assigned either to the reliable- or unreliable-

speaker condition. They first listened to one of the two types of explicit instructions from

Grodner and Sedivy’s [18] study, introducing the task and the speaker (S1 Appendix). Impor-

tantly, in the unreliable-speaker condition, participants learned that “(T)he study is intended

to examine communicative aspects of his language impairment,” while no such mention was

made in the reliable-speaker condition. As part of the introduction, participants watched a

video clip in which the speaker produces instructions for the four example trials. The speaker

was introduced as a participant in a related communication study, referring to a target item in

a four-picture display. In the reliable-speaker condition, the speaker used concise referring

expressions, such as an unmodified expression for a singleton (e.g., “Click on the ladybug”)

and a modified expression for an item in a contrast set (e.g. “Click on the small banana”). In

the unreliable-speaker condition, the speaker used redundant modifiers for a singleton (e.g.,

“Click on the small, spotted ladybug”) and a double-modified expression for an item in a con-

trast set (e.g. “Click on the small, yellow banana”). We employed these video examples to pro-

vide an embodied image of the speaker, an approach which is expected to scaffold participants’

pragmatic inferences.

Each of the 48 trials following the examples began with the presentation of the display.

After one second of visual preview, participants heard a spoken sentence over Sennheiser

HD570 headphones and clicked on the referent that best matched the sentence. Eye move-

ments were monitored using a head-mounted SR Research EyeLink II system sampling at 250

Hz, with drift correction procedures performed every fourth trial.

Results

Participants selected the correct target item in almost all trials. In the 768 critical trials mea-

sured (48 participants � 16 critical trials), only one was an error in which a non-target item was

selected. This trial was removed from the subsequent analyses.

Effects of reliability and contrast. We examined participants’ interpretation of the scalar

adjective, indexed by the proportion of fixations they made to the target item in response to a
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scalar adjective in the instruction (e.g., “Click on the large cup”). Plots of the full time-course

of fixations by condition are provided in Fig 2. We first down-sampled the eye-tracking sam-

ples into 48ms bins (12 samples per bin at 250 Hz sampling). For each time bin, we calculated

the proportion of fixations to the target, competitor, and contrast separately for each unique

combination of participant and item (768 = 48�16 combinations per bin). Finally, we averaged

these proportions for each time bin and then for each participant. As in other psycholinguistic

experiments of this type, the current data included a larger amount of cross-participant, com-

pared to cross-item, variability in the dependent variable. Using the by-participant averages as

the input to the plots ensures that the confidence intervals shown in Fig 2 are not anti-

conservative.

We then calculated target fixations in the planned analysis time window (i.e., a 500ms win-

dow starting 200ms after the adjective onset). As can be seen in Fig 2B, this analysis window

covered on average 256ms of adjective duration and 244ms of noun duration. Given that it

takes approximately 200ms to plan and launch eye-movements in response to linguistic input,

data within this analysis window can be safely assumed to reflect comprehenders’ response to

the adjective. We first calculated the average proportion of fixations to the target for each

unique combination of participant and item. For analysis, these trial-level proportions of target

fixations were first transformed into empirical logits [49] and then analyzed in a linear mixed

model using the lme4 software package in R [50], R version 3.5.0 (2018-04-23). Each case was

weighted by the inverse of its expected variances (following Barr, 2008). We included contrast

condition (sum-coded: 1 = 1-contrast vs. -1 = 2-contrast) and reliability (sum-coded: 1 = reli-

able vs. -1 = unreliable) along with their interaction as fixed effects. The analysis converged

Fig 2. A. Time-course of fixations during instructions relative to the onset of the adjective (e.g., Click on the large cup) in the reliable (top) and unreliable (bottom)

speaker conditions in Experiment 1. Vertical lines indicate the average adjective onset, adjective offset, and noun offset. Shaded area indicates the 500 ms planned

analysis window. Points represent averages of by-participant means in each time bin. Error bars represent 95% bootstrapped confidence intervals over those by-

participant means. B. Average duration of the scalar adjectives and the final nouns and their alignment with the 500ms planned analysis window.

https://doi.org/10.1371/journal.pone.0245130.g002
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with the maximum random effect structure justified by the design: by-participant and by-item

random intercepts, by-participant and by-item random slopes for contrast, and by-items ran-

dom slopes for reliability and the contrast x reliability interaction. A summary of the model

output is provided in Table 1. P-values were obtained using a t-test with Kenward-Roger’s

approximated degrees of freedom, as implemented in lmerTest [51]. We calculated the by-par-

ticipant averages for each combination of the speaker and contrast conditions (averaging

across items within each participant).

No significant main effects of reliability or contrast on target fixations were observed. Cru-

cially, the interaction term between reliability and contrast conditions was significant (β =
.065, t = 4.412, p< 0.001), suggesting that participants were more likely to make anticipatory

eye movements based on a scalar adjective in 1-contrast trials than in 2-contrast conditions,

particularly when exposed to the reliable-speaker. A simple effect analysis revealed that the

effect of contrast was significant in the expected direction for participants in the reliable-

speaker condition (β = .091, t = 4.372, p< 0.001), replicating the original finding reported by

Sedivy et al. [20]. For participants in the unreliable-speaker condition, the effect of contrast

was not significant.

Discussion

The reliability manipulation yielded a significant difference between the two reliability condi-

tions in the amount of target fixations based on a scalar adjective. We thus successfully

extended Grodner and Sedivy’s original findings, while using the modified contrast conditions

(i.e., 1- vs. 2-contrast visual displays) on a computer-based paradigm. With a pragmatically

unreliable speaker, participants did not immediately fixate the target item (e.g., large glass)

even when the adjective could uniquely single out the referent in a context. This supports that

online pragmatic inferences can be modulated according to the likelihood that a speaker

makes a contextually supported, contrastive use of prenominal adjectives in reference.

The reduced effect of contextual contrast in the unreliable-speaker condition could stem

from two sources: The explicit instruction about the speaker’s pragmatic impairment and/or

the bottom-up input highlighting the unconventional traits of the speaker’s language use. We

conducted Experiment 2 to address the question of whether the instruction about the speaker

was necessary to trigger the modulation of eye movements observed in Experiment 1. In other

words, Experiment 2 examined whether there is a mechanism with which comprehenders

spontaneously derive assessments of the reliability of a given speaker and modulate their antic-

ipatory eye movements in subsequent instances of language comprehension.

Experiment 2

The goal of Experiment 2 was to test whether the bottom-up input alone would be sufficient to

trigger modulation of online pragmatic interpretations of scalar adjectives. We present joint

Table 1. Summary of final linear mixed model of fixation proportions in Experiment 1.

Experiment 1: Fixed effects:

β Std. Error t- value p-value

(Intercept) -2.50 .028 -90.476 < 2e-16

Reliability (reliable vs. unreliable) .015 .021 .732 n.s.

Contrast (1-contrast vs. 2-contrast) .026 .014 1.75 n.s.

Reliability X contrast .065 .015 4.412 < .0001

Number of observations: 768; Participants: 48; Items: 16.

https://doi.org/10.1371/journal.pone.0245130.t001
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analyses over the data from Experiments 1 and 2, including trial-level analyses that aim to

assess how quickly the effect of speaker reliability emerged during the experiment.

Methods

Participants. A new group of 24 undergraduates from the University of Rochester partici-

pated in Experiment 2. The criteria and compensation for participants were identical to Exper-

iment 1.

Materials. All materials for the example, critical, and filler trials were identical to those in

Experiment 1.

Procedure. There was only one condition in Experiment 2. All 24 participants were pre-

sented with the verbal instruction and introduction video identical to those in the reliable-

speaker condition in Experiment 1. They were then exposed to four example items from the

unreliable-speaker condition and the 48 experimental materials from the unreliable speaker

condition in Experiment 1 (Table 2).

Results

Participants selected the correct target item in all 384 critical trials measured (24 participants �

16 critical trials).

Effects of reliability and contrast. The analysis approach was identical to Experiment 1.

Plots of the complete time course of target, competitor, and contrast fixations by condition are

provided in Fig 3. As in Experiment 1, we computed target fixations in the predetermined

time window (i.e., the 500 ms window starting 200 ms after the adjective onset). The average

proportions of target fixations within this time window across reliability and contrast condi-

tions are shown in Fig 4.

To evaluate the effect of the reliability manipulation, we combined the data from Experi-

ment 1 and Experiment 2, resulting in three types of reliability conditions: reliable, unreliable

with explicit instruction (Experiment 1), and unreliable bottom-up only (Experiment 2). As

shown in Table 3, we used Helmert coding to compare 1) the unreliable conditions against the

reliable condition (i.e., C1); and 2) the two unreliable conditions against each other (i.e., with

bottom-up information only vs. with explicit instructions, C2).

As in Experiment 1, empirical logit-transformed proportions of target fixations were ana-

lyzed in a linear mixed model with contrast (sum-coded as in Experiment 1), reliability, and

their interactions as fixed effects. The model converged with the maximum random effect

structure justified by the design (see Experiment 1). A summary of the model output is pro-

vided in Table 4.

The main effects of reliability and contrast were not significant. Importantly, the interaction

between contrast and the reliable-speaker vs. the two unreliable-speaker conditions was

Table 2. Combinations of instructions and bottom-up manipulations in Experiments 1 and 2.

Reliability

condition

Explicit instruction Bottom-up information (filler items)

Reliable reliable (no mention of the communicative

impairment)

reliable (concise and contextually calibrated uses

of modifiers)

Unreliable (Exp

1)

unreliable (mention of the communicative

impairment)

unreliable (including over- and under-

modifications and mislabels)

Unreliable (Exp

2)

reliable (no mention of the communicative

impairment)

unreliable

https://doi.org/10.1371/journal.pone.0245130.t002
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significant (β = .078, t = 4.623, p< .0001): participants in the reliable-speaker condition—

compared to those in the two unreliable-speaker conditions—were more likely to generate

anticipatory eye movements in response to the scalar adjectives used in the 1-contrast condi-

tion. On the other hand, the interaction between contrast and the unreliable with bottom-up

information only vs. unreliable with explicit instructions was not significant. This result sug-

gests that the two unreliable-speaker conditions did not differ significantly from each other. A

follow-up simple effect analysis revealed that the effect of contrast was not significant either in

the unreliable speaker condition with only bottom-up information (Experiment 2) or in the

unreliable-speaker condition in Experiment 1. In both of these conditions, the effect of con-

trast exhibited a numerical trend in the direction opposite from the reliable-speaker condition.

We expand upon this point in the general discussion.

Discussion

Upon repeated exposure to over- and under-informative instructions, participants exhibited

behavioral responses similar to those which have been observed in the presence of explicit,

salient instructions (e.g., “This speaker suffers from communicative and linguistic

Fig 3. Time course of target fixations during instructions (e.g., Click on the large cup) in the unreliable-speaker

condition with only bottom-up information (Experiment 2). The 1- and 2-contrast conditions are plotted in the left

and right panels, respectively. Vertical lines indicate the mean 1) adjective onset (aligned to 0), 2) adjective offset, and

3) noun offset. Shaded area indicates the 500ms planned analysis window.

https://doi.org/10.1371/journal.pone.0245130.g003

Fig 4. Average proportions of target fixations during the 500ms window starting 200ms after the adjective onset (e.g., Click on the large cup) by reliability and

contrast conditions in Experiments 1 and 2. Error bars represent 95% bootstrapped confidence intervals over those by-participant means.

https://doi.org/10.1371/journal.pone.0245130.g004
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impairments”). Participants’ behavioral responses in Experiment 2 were strikingly similar to

the unreliable speaker condition in Experiment 1, with anticipatory eye-movements within the

pre-determined analysis window being significantly attenuated in comparison to the reliable

speaker condition. To delve into possible differences between these three conditions, we con-

ducted post-hoc analyses of offline (mouse-clicking) response times using the Helmert coding

as described in Table 3. The results overall corroborated the fixation patterns (S2 Appendix).

That is, response times were in general faster when the speaker was reliable (β = -125.12, t =

-3.34, p< 0.001), and when instructions were heard in the 1-contrast condition as compared

to the 2-contrast condition (β = -19.59, t = 2.41, p< 0.03). There was a significant interaction

such that participants more rapidly selected a referent in the 1-contrast condition when the

speaker was reliable (β = -125.12, t = -3.34, p< 0.001). However, there was no significant dif-

ference between the two unreliable speaker conditions in Experiments 1 and 2.

These results together support the hypothesis that the exposure to pragmatically unreliable

uses of language was sufficient to alter participants’ real-time interpretations of scalar adjec-

tives. Such results suggest that the modulation of contrastive inference, as examined here, is

not strictly tied to the overt signaling of speaker unreliability, a feature typically unavailable in

real-life scenarios. Rather, comprehenders seem to be sensitive to the linguistic evidence of

pragmatic unreliability or uncooperativeness and are able to spontaneously alter their implicit

interpretive behaviors in response to the observed idiosyncrasy. We must note, however, that

the current statistical approach, based on the frequentist view on statistical significance, comes

with clear limitations with respect to interpretations of null effects [52]. What we can report

here is that the results from the current experiments provide reasonable evidentiary support

for our main hypothesis, while replications of the results will be desirable.

One remaining question is about the speed at which the (un)reliability effect occurred in

the present experiments. Did the participants in the unreliable speaker condition reduce their

target fixations gradually as they observed over-informative expressions? Or were a few of

such expressions at the outset of the experiment sufficient? Prior to the first critical item,

Table 3. Helmert coding of reliability conditions.

Reliability C1 (reliable vs.

unreliable)

C2 (unreliable with bottom-up only vs. unreliable

with instructions)

Reliable 1 0

Unreliable (with bottom-up only,

Experiment 2)

-.5 1

Unreliable (with instructions,

Experiment 1)

-.5 -1

https://doi.org/10.1371/journal.pone.0245130.t003

Table 4. Summary of final linear mixed model of fixation proportions in Experiments 1 and 2. Reliability conditions were Helmert coded (for details, see text).

β Std. Error t- value p-value

(Intercept) -2.514 .029 -85.165 <2e-16

Reliability (reliable vs. unreliable) .003 .002 1.205 n.s.

Reliability (unreliable bottom-up only vs. unreliable with instructions) -.018 .023 -.80 n.s.

Contrast (1-contrast vs. 2-contrast) .012 .014 .881 n.s.

Reliability (reliable vs. unreliable) �

contrast (1-contrast vs. 2-contrast)

.079 .017 4.623 < .0001

Reliability (unreliable bottom-up only vs. unreliable with instructions) � contrast (1-contrast vs. 2-contrast) .011 .015 .774 n.s.

Number of observations: 1152; Participants: 72; Items: 16.

https://doi.org/10.1371/journal.pone.0245130.t004
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participants observed four sentences within the video instruction, four example trials, and one

or two filler item(s) depending on the condition (the number of filler items minimally varied

according to list assignments, but they were all the kind where an over-informative adjective

was inserted). Hence, participants in the unreliable speaker condition in Experiment 1 and

those in Experiment 2 witnessed nine to ten utterances which included an over-informative

scalar adjective by the time they encountered the first critical trial. Note that this is a post-hoc

analysis, not planned prior to the data collection. Results of the analysis, therefore, should be

interpreted as such and must be further investigated in a future study.

We used Generalized Additive Mixed Models (GAMM) [53], implemented with the

gamm4 package (ver. 0.2–5) conducted in R (S3 Appendix). In this model, we included the

trial order as one of the predictors. In the reliable-speaker condition, proportions of target fixa-

tions within the expected time window (i.e., a 500ms window starting 200ms after the adjective

onset) were higher in 1- than in 2-contrast trials. This effect was present from the earliest trial

and gradually dissipated over the course of the experiment (similar effects of trial order were

reported by the original study by Grodner and Sedivy (p.262-263) and by [19]). In the unreli-

able-speaker condition, however, such a difference between 1- and 2-contrast conditions was

not observed even at the onset of the experiment. The presence and absence of the explicit

instructions did not seem to significantly affect the bottom-up evidence required for modula-

tion. Albeit preliminarily, the GAMM analyses thus support the idea that the nine to ten

instances of over-informative usage of adjectives in filler trials at the onset of the experiment

were sufficient to trigger the suspension of the contrastive inference.

General discussion

Linguistic communication capitalizes on the impressive ability to map linguistic input onto

the speaker’s pragmatic intentions in context. Because speakers vary in their ways of encoding

their intentions into words, it is considered effective for comprehenders to flexibly adjust their

interpretation of this mapping according to who the input is coming from. Although talker-

based adaptation has been attested in speech perception (e.g., [42, 43, 52–58]) and syntactic

priming and processing (e.g., [59–62]), it has only begun to be understood with respect to

pragmatics.

The current study examined whether, and if so how, real-time contrastive inference can be

attenuated in response to the speaker’s pragmatic unreliability. Extending Grodner and Sedivy

[18], we manipulated the reliability in terms of the extent to which the speaker makes an infor-

mative use of scalar adjectives with respect to visual context. We found when the speaker was

introduced as having linguistic impairments and failed to form informative referential expres-

sions given a visual context, participants were less likely to generate contrastive inference

based on a scalar adjective, as evidenced by early looks to the target referent in a size contrast

pair. (Experiment 1). Crucially, we observed the same pattern without providing explicit infor-

mation about the speaker, suggesting that bottom-up linguistic information was likely suffi-

cient (Experiment 2). These findings lend support to the view that comprehenders can

consistently and even spontaneously adjust their real-time pragmatic interpretation of utter-

ances to accommodate the variability in language production across speakers [37].

Accommodating pragmatic idiosyncrasies of the speaker is often considered a process

reserved typically for specific populations with underdeveloped linguistic commands (e.g.,

young children or non-native speakers) [63–68]. The current results, however, suggest that

comprehenders were sensitive even to more subtle deviations from what is deemed pragmati-

cally “optimal”, such as using a linguistic form (e.g., the scalar adjective large) when it is,

strictly speaking, redundant given a visual context. Detection of such deviations then led to
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fine-grained adjustments of moment-by-moment interpretation of utterances. More specifi-

cally, comprehenders preferentially directed attention to a target referent in cases where the

contrastive interpretation of an adjective would reliably lead to an intended referent (i.e., the

reliable-speaker condition). In contrast, they delayed their commitment until the arrival of

noun information when such anticipatory fixations could potentially result in a “detour” in

directing attention to a target referent (i.e., the unreliable-speaker conditions). Although it has

been suggested that implicit, error-based learning can explain such adaptive changes in other

domains [59, 60, 69–71], much less is known about if the same mechanism could apply to prag-

matic production and comprehension. Therefore, a major implication of the current results is

that what appears to be instantaneous inferencing in reference resolution can reflect efficient

use of cognitive resources given the current context. The current results thus open up an excit-

ing avenue for future research about how contextual information can be tracked and used to

modulate likely interpretations of intended meanings behind the chosen word in an utterance.

How much bottom-up information is necessary?

Although the objective of the current study was to determine whether perceived pragmatic reli-

ability would modulate contrastive inferences, it is important to ask about the amount of evi-

dence necessary to elicit such modulation. How much evidence does it take the comprehender

to modulate their processing behaviors? An answer to this question could distinguish contri-

butions of two possible computational mechanisms potentially guiding the modulation. One

possibility is that the speaker’s pragmatic (un)reliability can be productively understood as

distributional (statistical) learning based on observed linguistic forms [59, 69, 70]. Adult lan-

guage users are known to be sensitive to statistics in the linguistic input, being able to match

their internal predictions to the observed statistics e.g., [72]. It is possible that a similar mecha-

nism allows comprehenders to track statistics of the speaker’s referential expressions, includ-

ing observed usage patterns of modifiers, conditioned on an identity of the speaker and a

context [73–75]. Such learning has sometimes been stipulated to be “error based.” That is,

comprehenders may gradually alter their expectations for future input when their prediction

turns out to be wrong, and this learning occurs in proportion to the magnitude of the errors

experienced [59, 69, 70, 76]. In the current reliability manipulation, the instruction provided

in the unreliable speaker condition in Experiment 1 could have facilitated such error-based

learning, resulting in the modulation of the eye-movement patterns.

Another possible mechanism may involve a comprehender’s causal reasoning about

observed unreliability, beyond simply taking statistics (so called “data-explanation” approach)

[77]. This view posits that comprehenders make sense of the input partly by “explaining” an

unexpected instance of the input (e.g., Why did the speaker produce “large” in a given con-

text?) and use the causal model to make predictions for subsequent input. An analogous case

was made for listeners’ strategies to cope with unreliable pronunciations of a speaker (e.g., ciga-
rette as “/sh/igarette”): they can be attributed to a speaker-internal cause (e.g., language profi-

ciency, regional accent, speech impediment), an incidental/situational cause (e.g., speech

error, speaking with a pen in the mouth), or perception errors [78]. When the idiosyncrasy is

likely attributable to the speaker, listeners would develop a speaker-dependent expectation for

the subsequent input. Alternatively, when an unexpected input is likely caused by an incidental

factor, it would not be expected to recur once the cause is removed [79, 80]. Contextually mod-

ulated interpretations of disfluencies (e.g., ‘Click on [pause] thee uh. . .”) have also been dis-

cussed under this model [25, 26, 81]. Unlike those of implicit statistical learning, effects of

causal attribution come about instantaneously so long as the cause is unambiguous and readily

accessible to the comprehender (e.g., perceiving a familiar foreign accent [46]).
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The post-hoc analysis using a GAMM model provided an initial evidence of rapid attenua-

tion of the contrastive inference. After listening to ~10 expressions that were not optimally

economical, comprehenders did not seem to generate early fixations in response to a scalar

adjective. This is more consonant with the causal attribution account rather than the implicit

learning account, which draws on gradual accumulated knowledge of environmental statistics.

As shown in past studies [22, 82–86], naturally produced referential expressions often contain

more or less information than what is strictly necessary. If comprehenders are routinely attrib-

uting such variation to contextual causes, and if a speaker identity is regarded as a likely cause,

a few over-informative instructions would be sufficient for them to make the link.

We emphasize again, however, that this question about the speed with which comprehen-

ders determine (un)reliability of a speaker was not the focus of the current work. Additionally,

recent results from a similar study suggest that the speed of pragmatic adaptation can depend

on details of experiments (e.g., types of adjectives, visual stimuli) [19, 22]. In fact, the current

data revealed that individual items and participants varied in their sensitivity to the reliability

manipulation (Figs 1 and 2 in S2 Appendix). That is, some items (and or participants) were

more responsible than others for the overall differences in the amount of anticipatory target

fixations between the reliable vs. unreliable conditions. Note that these individual differences

were appropriately taken into consideration as we entered them in all the mixed-effect models

reported above. Nonetheless, further research is required to determine the amount and nature

of the evidence that is necessary and how a potentially highly complex process of causal rea-

soning can be implemented in language processing.

What is (un)reliability?

In the current experiments, the instructions by the unreliable speaker deviated from those by

the reliable speaker by virtue of 1) over-informative instructions (i.e., 75% of their instructions

had a superfluous modifier that is not strictly necessary to single out a target), 2) under-infor-

mative instructions (i.e., 12.5% lacked a modifier that would be necessary to pick out a target);

and 3) erroneous instructions (e.g., 12.5% had a wrong noun such as "toothbrush" for "hair-

brush"). We have implemented them to be faithful to the original study by Grodner and Sedivy

[18], who adopted all three. The term (un)reliability was also introduced by them, and contin-

ued in the current study for the sake of consistency.

Evidently, these three types of referential expressions are pragmatically less than optimal for

different reasons. Most importantly, over-informative instructions are perhaps non-economi-

cal/redundant/verbose but do not ultimately hinder the referential communication. The

under-informative instructions, on the other hand, leave an intended referent unidentifiable

and thereby lead comprehenders astray. The erroneous instructions would suggest that the

speaker’s difficulties may pertain not only to their use of context but also to their abilities to

retrieve lexical information. Evidence of unreliability observed in the current experiment was

thus not homogeneous in nature. Which of these instructions were critical to trigger the mod-

ulation in pragmatic processing?

Our decision to include a large number of over-informative instructions was based on their

unique link to the early fixations that we examined here. We hypothesized that one type of

information that comprehenders might assess across speakers and contexts is the utility of a

given type of pragmatic inference. In the current scenario, contrastive inference in response to

a scalar adjective (e.g., “Click on the large–”) can accelerate the recognition of a target referent

in the 1-contrast trial. This fast and accurate processing gives rise to the (expected) utility that

can justify the cognitive, attentional, and other resources to be expended to derive inference. If

so, among the three types of instructions produced by the unreliable speaker, over-informative
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instructions clearly reduce the expected utility of contrastive inference, because now the infer-

ence does not result in benefits in processing. The under-informative and erroneous instruc-

tions, albeit problematic in their own ways, do not directly indicate this reduction of utility

estimates in the given speaker’s instructions. The absence of contrastive inference in Experi-

ment 2 from an early point of the experiment suggests that the subtle indication of lowered

utility of the contrastive inference would be enough to modify listeners’ implicit, mostly auto-

matic fixation behaviors.

If we instead provided more evidence of under-informative expressions and wrong nouns,

listeners would have to lower the overall utility of the speaker’s language use in general, beyond

contrastive inference. That would, we predict, trigger different types of modulations of pro-

cessing behaviors (e.g., disengagement, an overall slower reaction time). Future studies should

manipulate the types and number of different signatures of “unreliability” to delve into the

modulation of real-time pragmatic processing behaviors.

Questions for future research

Here, we discuss two more open questions left for future research. The first question concerns

whether, and if so to what extent, the current results truly reflect assumptions about the

speaker and their overall pragmatic traits, as opposed to their uses of specific adjectives. We

used only two types of scalar adjectives, both of which appeared in the critical as well as filler

items. It is possible that participants assumed that the unreliability was confined to these two

adjectives rather than a more general characteristic of the speaker affecting a wide range of lex-

ical items. We believe that a line of ongoing work by Pogue and her colleagues is of relevance

to this question.

Pogue et al. [28] conducted a series of offline judgment studies. Listeners were first exposed

to two speakers who produced sentences with or without a scalar adjective, respectively, mak-

ing the sentences either under-informative or optimally informative given a visual display

(e.g., “Click on the {— / large} cup” when there was a large cup and a small cup). They were

then presented with a written transcript of a sentence containing an under-informative color

modifier (e.g., “Click on the {— / green} cup” when there was a large cup and a small cup, both

green) and asked to select which speaker would be more likely to produce the sentence. They

found that participants were more likely to choose the previously under-informative speaker,

who did not use any modifiers, for the under-informative (i.e., color-modified) test sentences.

Results such as these would suggest that listeners can and do track the likelihood at which the

speaker provides a necessary and sufficient amount of information and generalize the assump-

tion to unseen data. It is possible that a similar mechanism is at work during the online modu-

lation of eye movements we observed in the current data.

Another question of importance is how exactly the pragmatic processing can be modulated

based on the inferred reliability of the speaker [16]. Do comprehenders simply abandon ordi-

nary comprehension behaviors altogether? Or is the modulation more targeted to linguistic

elements (e.g., adjectives) with respect to which reliability was manipulated? The current study

offers two insights that merit further explorations. First, participants’ online eye-movements

and offline picture-selection (mouse-clicking) response times (S4 Appendix) suggest that there

was no significant delay in the responses in the unreliable-speaker conditions. As evidenced by

the rapid increase in the target fixations in the region starting 200ms after the noun onset (Figs

4 and 5), participants in the unreliable-speaker conditions were quick to “catch up” by inte-

grating the noun information as soon as it became available. While, as expected, response

times were on average shorter in the reliable-speaker condition (Mean = 2,964ms) than in the

two unreliable-speaker conditions (3,139ms in Experiment 1 and 3,106ms in Experiment 2),
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the delay was deemed minimal (less than 200ms between the reliable- vs. unreliable-speaker

conditions). There was virtually no clear sign of lapses of attention or disengagement consis-

tent with the scenario where participants abandoned their ordinary, incremental processing

behaviors.

However, an alternative strategy might have been devised in response to the unreliable

speaker. We had expected that eye-movement patterns in the 2-contrast condition would be

approximately equivocal in both reliable- and unreliable-speaker conditions. Instead, we

found an interesting numerical trend in the two unreliable-speaker conditions such that par-

ticipants were more likely to fixate on the target item over its competitor prior to the final

noun (Figs 2 and 3). This observation is supported by the marginal simple effect of contrast in

the unreliable-speaker found in Experiment 1. That is, the 2-contrast condition, compared to

the 1-contrast condition, elicited a slightly higher degree of target fixations. This result is puz-

zling because there should be no linguistic information signaling an identity of the target in

this time window. To confirm this, we conducted a follow-up survey with 42 participants who

were not included in the eye-tracking experiments [48]. We presented a series of 4-image dis-

plays simulating our eye-tracking stimuli and played sound clips without the final noun (e.g.,

“Click on the large”). Participants selected one of the pictures based on these incomplete

instructions. The mean proportion of selection of the target picture was 52%, suggesting that

the linguistic information did not create a significant bias for the target item over the competi-

tor item.

The result could potentially be due to co-articulation of an adjective-noun sequence or a

subtle semantic congruency effect (e.g., large and small may be more likely to modify some

nouns over others). In response to the pragmatically reliable speaker, such effects did not sig-

nificantly affect the eye-movements: the target and competitor pictures were considered to be

equally suitable candidates given the adjective information, as evidenced by the similar pat-

terns of the target and the competitor fixations prior to the final noun (see top-right panel of

Fig 2). In contrast, in the unreliable-speaker conditions, participants could have relied more

on alternative sources of information to detect the target item at the earliest time point possi-

ble. Although the current study does not offer decisive insights into what these sources may

be, they suggest the possibility that listeners begin to weigh other sources of information

heavily when the speakers’ ability to provide pragmatically well-formed instructions is called

into question.

Fig 5. Average proportions of target fixations during the 500 ms window starting 200 ms after the adjective onset

(e.g., “Click on the large cup”) by reliability and contrast conditions in Experiment 1. Error bars represent 95%

bootstrapped confidence intervals over those by-participant means.

https://doi.org/10.1371/journal.pone.0245130.g005
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Conclusion

The current study constitutes a first step towards understanding speaker-dependent modula-

tions of real time, real world pragmatic processing. The results critically extend previous find-

ings by illuminating a powerful inference architecture that may be at work to adapt moment-

by-moment behavioral responses according to the reliability of linguistic cues estimated in the

recent exposure. Future extensions of the current work will advance our knowledge about the

computational and cognitive bases of pragmatic inferences guiding efficient and accurate lan-

guage comprehension robust to variability in the input.

Supporting information

S1 Appendix. Explicit instructions in the reliable- and unreliable-speaker conditions.

(DOCX)

S2 Appendix. Data variations across participants and items.

(DOCX)

S3 Appendix. Post-hoc analyses of fixation proportions using Generalized Additive Mixed

Effect Models (GAMMs).

(DOCX)

S4 Appendix. Mouse-clicking response times.

(DOCX)

Acknowledgments

Experimental design, subject testing, data analysis were conducted over the course of two

years as part of the coursework of BCS 206–207 Undergraduate Research in Cognitive Science

in the Department of Brain and Cognitive Sciences at the University of Rochester. We would

like to thank the instructors of the course, Ralf Haefner and Florian Jaeger for their guidance

and support, and the members of the course for their constructive comments when we were

conducting this project. We would also like to acknowledge the audience of the 22nd annual

AMLaP conference and the 92nd annual meeting of the Linguistics Society of America for help-

ful discussion points on an earlier version of this manuscript.

Author Contributions

Conceptualization: Chigusa Kurumada.

Data curation: Sadie Dix.

Formal analysis: Chigusa Kurumada.

Investigation: Bethany Gardner, Rebecca Lawrence, Cameron Morgan, Anaclare Sullivan,

Chigusa Kurumada.

Project administration: Bethany Gardner, Rebecca Lawrence, Cameron Morgan, Anaclare

Sullivan.

Resources: Chigusa Kurumada.

Supervision: Chigusa Kurumada.

Validation: Chigusa Kurumada.

Visualization: Bethany Gardner, Chigusa Kurumada.

PLOS ONE Speaker reliability on real-time interpretations of scalar adjectives

PLOS ONE | https://doi.org/10.1371/journal.pone.0245130 February 19, 2021 17 / 22

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0245130.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0245130.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0245130.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0245130.s004
https://doi.org/10.1371/journal.pone.0245130


Writing – original draft: Bethany Gardner, Sadie Dix, Chigusa Kurumada.

Writing – review & editing: Chigusa Kurumada.

References
1. Grice P. Logic and Conversation. In: Cole P, Morgan J, editors. Syntax and Semantics, vol 3. New

York: Academic Press; 1970. p. 41–58.

2. Brennan SE, Clark HH. Conceptual pacts and lexical choice in conversation. Journal of Experimental

Psychology: Learning, Memory, and Cognition. 1996 Nov; 22(6):1482–93. https://doi.org/10.1037//

0278-7393.22.6.1482 PMID: 8921603

3. Brown-Schmidt S, Tanenhaus MK. Real-time investigation of referential domains in unscripted conver-

sation: A targeted language game approach. Cognitive Science. 2008; 32(4):643–84. https://doi.org/10.

1080/03640210802066816 PMID: 19890480

4. Clark HH, Marshall CR. Definite reference and mutual knowledge. In: Webber BL, Joshi AK, Sag IA, edi-

tors. Elements of Discourse Processing. New York: Cambridge University Press; 1981. p. 10–63.

5. Clark HH, Wilkes-Gibbs D. Referring as a collaborative process. Cognition. 1986; 22:1–39. https://doi.

org/10.1016/0010-0277(86)90010-7 PMID: 3709088

6. Hanna JE, Tanenhaus MK. Pragmatic effects on reference resolution in a collaborative task: evidence

from eye movements. Cognitive Science. 2004; 28(1):105–15.

7. Hanna JE, Tanenhaus MK, Trueswell JC. The effects of common ground and perspective on domains

of referential interpretation. Journal of Memory and Language. 2003; 49(1):43–61.

8. Arnold JE. How speakers refer: The role of accessibility. Linguistics and Language Compass. 2010; 4

(4):187–203.

9. Kaiser E, Trueswell JC. The role of discourse context in the processing of a flexible word-order lan-

guage. 2004; 5(Experiment 1):113–47.

10. Hanna JE, Brennan SE. Speakers’ eye gaze disambiguates referring expressions early during face-to-

face conversation. Journal of Memory and Language [Internet]. 2007 Nov [cited 2017 Aug 9]; 57

(4):596–615. Available from: http://linkinghub.elsevier.com/retrieve/pii/S0749596X07000174

11. Heller D, Grodner D, Tanenhaus MK. The role of perspective in identifying domains of reference. Cogni-

tion. 2008; 108(3):831–6. https://doi.org/10.1016/j.cognition.2008.04.008 PMID: 18586232

12. Keysar B, Barr DJ, Balin JA, Brauner JS. Taking perspective in conversation: The role of mutual knowl-

edge in comprehension. Psychological Science. 2000; 11(1):32–8. https://doi.org/10.1111/1467-9280.

00211 PMID: 11228840

13. Altmann G, Steedman M. Interaction with context during human sentence processing. Cognition. 1988;

30:191–238. https://doi.org/10.1016/0010-0277(88)90020-0 PMID: 3215002

14. Chambers CG, Tanenhaus MK, Eberhard KM, Filip H, Carlson GN. Circumscribing referential domains

during real-time language comprehension. Journal of Memory and Language [Internet]. 2002 Jul; 47

(1):30–49. Available from: http://www.sciencedirect.com/science/article/pii/S0749596X01928323

15. Chambers CG, Tanenhaus MK, Magnuson JS. Actions and affordances in syntactic ambiguity resolu-

tion. Journal of Experimental Psychology: Learning, Memory, and Cognition. 2004; 30(3):687–96.

https://doi.org/10.1037/0278-7393.30.3.687 PMID: 15099136

16. Degen J, Tanenhaus MK. Constraint-based pragmatic processing. In: Cummins C, Katsos N, editors.

The Oxford Handbook of Experimental Semantics and Pragmatics. 2019. p. 21–38.

17. Brown-Schmidt S, Yoon SO, Ryskin RA. People as contexts in conversation. Psychology of Learning

and Motivation. 2015; 62:59–99.

18. Grodner DJ, Sedivy JC. The effect of speaker-specific information on pragmatic inferences. In: Pearl-

mutter N, Gibson E, editors. The Processing and Acquisition of Reference. MIT Press; 2011. p. 239–

72. https://doi.org/10.1037/a0025862 PMID: 22103787

19. Ryskin R, Kurumada C, Brown-Schmidt S. Information Integration in Modulation of Pragmatic Infer-

ences During Online Language Comprehension. Cognitive Science [Internet]. 2019 Aug 1; 43(8):

e12769. Available from: https://doi.org/10.1111/cogs.12769 PMID: 31446652

20. Sedivy JC, Tanenhaus MK, Chambers CG, Carlson GN. Achieving incremental semantic interpretation

through contextual representation. Cognition. 1999; 71(2):109–47. https://doi.org/10.1016/s0010-0277

(99)00025-6 PMID: 10444906

21. Aparicio H, Kennedy C, Xiang M. Perceived informativity and referential effects of contrast in adjecti-

vally modified NPs. In: Language, Cognition, and Mind. Springer; p. 1–22.

PLOS ONE Speaker reliability on real-time interpretations of scalar adjectives

PLOS ONE | https://doi.org/10.1371/journal.pone.0245130 February 19, 2021 18 / 22

https://doi.org/10.1037//0278-7393.22.6.1482
https://doi.org/10.1037//0278-7393.22.6.1482
http://www.ncbi.nlm.nih.gov/pubmed/8921603
https://doi.org/10.1080/03640210802066816
https://doi.org/10.1080/03640210802066816
http://www.ncbi.nlm.nih.gov/pubmed/19890480
https://doi.org/10.1016/0010-0277%2886%2990010-7
https://doi.org/10.1016/0010-0277%2886%2990010-7
http://www.ncbi.nlm.nih.gov/pubmed/3709088
http://linkinghub.elsevier.com/retrieve/pii/S0749596X07000174
https://doi.org/10.1016/j.cognition.2008.04.008
http://www.ncbi.nlm.nih.gov/pubmed/18586232
https://doi.org/10.1111/1467-9280.00211
https://doi.org/10.1111/1467-9280.00211
http://www.ncbi.nlm.nih.gov/pubmed/11228840
https://doi.org/10.1016/0010-0277%2888%2990020-0
http://www.ncbi.nlm.nih.gov/pubmed/3215002
http://www.sciencedirect.com/science/article/pii/S0749596X01928323
https://doi.org/10.1037/0278-7393.30.3.687
http://www.ncbi.nlm.nih.gov/pubmed/15099136
https://doi.org/10.1037/a0025862
http://www.ncbi.nlm.nih.gov/pubmed/22103787
https://doi.org/10.1111/cogs.12769
http://www.ncbi.nlm.nih.gov/pubmed/31446652
https://doi.org/10.1016/s0010-0277%2899%2900025-6
https://doi.org/10.1016/s0010-0277%2899%2900025-6
http://www.ncbi.nlm.nih.gov/pubmed/10444906
https://doi.org/10.1371/journal.pone.0245130


22. Rubio-Fernández P. How redundant are redundant color adjectives?: An efficiency-based analysis of

color overspecification. Frontiers in psychology. 2016;7. https://doi.org/10.3389/fpsyg.2016.00007

PMID: 26834680

23. Wolter L, Gorman KS, Tanenhaus MK. Scalar reference, contrast and discourse: Separating effects of

linguistic discourse from availability of the referent. Journal of memory and language [Internet]. 2011

Oct 1; 65(3):299–317. Available from: http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3171752/ https://

doi.org/10.1016/j.jml.2011.04.010 PMID: 21927536

24. Sedivy JC. Pragmatic versus form-based accounts of referential contrast: evidence for effects of infor-

mativity expectations. Journal of psycholinguistic research [Internet]. 2003 Jan; 32(1):3–23. Available

from: http://www.ncbi.nlm.nih.gov/pubmed/12647560 https://doi.org/10.1023/a:1021928914454 PMID:

12647560

25. Arnold JE, Hudson-Kam CL, Tanenhaus MK. If you say thee uh you are describing something hard:

The on-line attribution of disfluency during reference comprehension. Journal of experimental psychol-

ogy Learning, memory, and cognition. 2007; 33(5):914–30. https://doi.org/10.1037/0278-7393.33.5.914

PMID: 17723069

26. Orena AJ, White KS. I forget what that’s called!: Children’s online processing of disfluencies depends

on speaker knowledge. Child Development [Internet]. 2015; 86(6):1701–9. Available from: http://doi.

wiley.com/10.1111/cdev.12421 PMID: 26344559

27. Goodman ND, Stuhlmüller A. Knowledge and implicature: Modeling language understanding as social

cognition. Topics in Cognitive Science [Internet]. 2013 Jan [cited 2013 Mar 3]; 5(1):173–84. Available

from: http://www.ncbi.nlm.nih.gov/pubmed/23335578 https://doi.org/10.1111/tops.12007 PMID:

23335578

28. Pogue A, Kurumada C, Tanenhaus MK. Talker-specific generalization of pragmatic inferences based

on under- and over-informative prenominal adjective use. Frontiers in Psychology. 2016; 6(JAN).

https://doi.org/10.3389/fpsyg.2015.02035 PMID: 26834667

29. Roettger TB, Franke M. Evidential strength of intonational cues and rational adaptation to (un-)reliable

intonation. Cognitive Science [Internet]. 2019 Jul 1; 43(7):e12745. Available from: https://doi.org/10.

1111/cogs.12745 PMID: 31310022

30. Bergen L, Grodner J. D. Speaker knowledge influences the comprehension of pragmatic inferences.

Journal of Experimental Psychology-learning Memory and Cognition. 2012; 38(5):1450–60.

31. Huang YTY, Snedeker J. Online interpretation of scalar quantifiers: Insight into the semantics-pragmat-

ics interface. Cognitive Psychology. 2009; 58(3):376–415. https://doi.org/10.1016/j.cogpsych.2008.09.

001 PMID: 18976987

32. Huang YT, Snedeker J. Logic and conversation revisited: Evidence for a division between semantic and

pragmatic content in real-time language comprehension. Language and Cognitive Processes. 2011; 26

(933044199):1161–72.

33. Huang YT, Snedeker J. Some inferences still take time: Prosody, predictability, and the speed of scalar

implicatures. Cognitive Psychology [Internet]. 2018; 102:105–26. Available from: http://www.

sciencedirect.com/science/article/pii/S0010028517301925 https://doi.org/10.1016/j.cogpsych.2018.01.

004 PMID: 29454819

34. Bott L, Noveck I. Some utterances are underinformative: The onset and time course of scalar infer-

ences. Journal of Memory and Language. 2004; 51(3):437–57.

35. Bott L, Bailey TM, Grodner D. Distinguishing speed from accuracy in scalar implicatures. Journal of

Memory and Language [Internet]. 2012; 66(1):123–42. Available from: http://www.sciencedirect.com/

science/article/pii/S0749596X11001033

36. Degen J, Tanenhaus MK. Processing scalar implicature: A constraint-based approach. Cognitive sci-

ence [Internet]. 2015 May [cited 2016 Feb 5]; 39(4):667–710. Available from: http://www.ncbi.nlm.nih.

gov/pubmed/25265993 https://doi.org/10.1111/cogs.12171 PMID: 25265993

37. Stranahan E. Effects of working memory load and speaker reliability on contrastive inference and quan-

tifier processing [Internet]. Harvard University; 2018. Available from: https://dash.harvard.edu/handle/

1/41128482

38. Kuhlen AK, Brennan SE. Language in dialogue: when confederates might be hazardous to your data.

2013;54–72.

39. Salverda AP, Kleinschmidt DF, Tanenhaus MK. Immediate effects of anticipatory coarticulation in spo-

ken-word recognition. Journal of memory and language. 2014; 71(1):145–63. https://doi.org/10.1016/j.

jml.2013.11.002 PMID: 24511179

40. Hallet P. Eye movements. In: Boff KR, Kaufman L, Thomas JP, editors. Handbook of perception and

human performance. New York: Wiley; 1986. p. 78–101.

PLOS ONE Speaker reliability on real-time interpretations of scalar adjectives

PLOS ONE | https://doi.org/10.1371/journal.pone.0245130 February 19, 2021 19 / 22

https://doi.org/10.3389/fpsyg.2016.00007
http://www.ncbi.nlm.nih.gov/pubmed/26834680
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3171752/
https://doi.org/10.1016/j.jml.2011.04.010
https://doi.org/10.1016/j.jml.2011.04.010
http://www.ncbi.nlm.nih.gov/pubmed/21927536
http://www.ncbi.nlm.nih.gov/pubmed/12647560
https://doi.org/10.1023/a%3A1021928914454
http://www.ncbi.nlm.nih.gov/pubmed/12647560
https://doi.org/10.1037/0278-7393.33.5.914
http://www.ncbi.nlm.nih.gov/pubmed/17723069
http://doi.wiley.com/10.1111/cdev.12421
http://doi.wiley.com/10.1111/cdev.12421
http://www.ncbi.nlm.nih.gov/pubmed/26344559
http://www.ncbi.nlm.nih.gov/pubmed/23335578
https://doi.org/10.1111/tops.12007
http://www.ncbi.nlm.nih.gov/pubmed/23335578
https://doi.org/10.3389/fpsyg.2015.02035
http://www.ncbi.nlm.nih.gov/pubmed/26834667
https://doi.org/10.1111/cogs.12745
https://doi.org/10.1111/cogs.12745
http://www.ncbi.nlm.nih.gov/pubmed/31310022
https://doi.org/10.1016/j.cogpsych.2008.09.001
https://doi.org/10.1016/j.cogpsych.2008.09.001
http://www.ncbi.nlm.nih.gov/pubmed/18976987
http://www.sciencedirect.com/science/article/pii/S0010028517301925
http://www.sciencedirect.com/science/article/pii/S0010028517301925
https://doi.org/10.1016/j.cogpsych.2018.01.004
https://doi.org/10.1016/j.cogpsych.2018.01.004
http://www.ncbi.nlm.nih.gov/pubmed/29454819
http://www.sciencedirect.com/science/article/pii/S0749596X11001033
http://www.sciencedirect.com/science/article/pii/S0749596X11001033
http://www.ncbi.nlm.nih.gov/pubmed/25265993
http://www.ncbi.nlm.nih.gov/pubmed/25265993
https://doi.org/10.1111/cogs.12171
http://www.ncbi.nlm.nih.gov/pubmed/25265993
https://dash.harvard.edu/handle/1/41128482
https://dash.harvard.edu/handle/1/41128482
https://doi.org/10.1016/j.jml.2013.11.002
https://doi.org/10.1016/j.jml.2013.11.002
http://www.ncbi.nlm.nih.gov/pubmed/24511179
https://doi.org/10.1371/journal.pone.0245130


41. Cutler A, Eisner F, Mcqueen JM, Norris D. Coping with speaker-related variation via abstract phonemic

categories. Perception. 2005; 31(0):1–28.

42. Kraljic T, Brennan SE, Samuel AG. Accommodating variation: Dialects, idiolects, and speech process-

ing. Cognition. 2008; 107(1):54–81. https://doi.org/10.1016/j.cognition.2007.07.013 PMID: 17803986

43. Norris D, McQueen JM, Cutler A. Perceptual learning in speech. Cognitive Psychology. 2003; 47

(2):204–38. https://doi.org/10.1016/s0010-0285(03)00006-9 PMID: 12948518

44. Kleinschmidt DF, Jaeger TF. Robust speech perception: Recognize the familiar, generalize to the simi-

lar, and adapt to the novel. Psychological Review [Internet]. 2015 Apr [cited 2016 Feb 28]; 122(2):148–

203. Available from: http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=4744792&tool=

pmcentrez&rendertype=abstract https://doi.org/10.1037/a0038695 PMID: 25844873

45. Samuel AG, Kraljic T. Perceptual learning for speech. Attention, perception, & psychophysics [Internet].

2009 Aug; 71(6):1207–18. Available from: http://www.ncbi.nlm.nih.gov/pubmed/19633336 https://doi.

org/10.3758/APP.71.6.1207 PMID: 19633336

46. Clarke CM, Garrett MF. Rapid adaptation to foreign-accented English. The Journal of the Acoustical

Society of America [Internet]. 2004; 116(6):3647. Available from: http://link.aip.org/link/JASMAN/v116/

i6/p3647/s1&Agg= https://doi.org/10.1121/1.1815131 PMID: 15658715

47. Xie X, Weatherholtz K, Bainton L, Rowe E, Burchill Z, Liu L, et al. Rapid adaptation to foreign-accented

speech and its transfer to an unfamiliar talker. The Journal of the Acoustical Society of America [Inter-

net]. 2018 Apr 1; 143(4):2013–31. Available from: https://doi.org/10.1121/1.5027410 PMID: 29716296

48. Gardner B, Sullivan A, Trine T, Jaeger TF, Kurumada C. Rapid adaptationof online pragmatic infer-

ences based on scalar adjectives. In: The 22nd AMLaP Conference, Architectures and Mechanisms for

Language Processing. Bilbao, Spain; 2016.

49. Barr DJ. Analyzing ’visual world’eyetracking data using multilevel logistic regression. Journal of Memory

and Language. 2008; 59(4):457–74.
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