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Abstract

Previous studies on learning and adaptation have largely focused on speech perception and

syntactic parsing, but much less is known about whether and how language users adjust

their semantic representation after being exposed to other individuals’ utterances. The cur-

rent study focuses on the interpretation of gradable adjectives — expressions with highly

context-dependent interpretations — and investigates how individuals adjust their thresholds

of application after exposure to utterances of the same expressions by other language users.

Three experiments provide novel evidence to support robust and rapid semantic adaptation

for gradable adjectives, the effect of which is modulated by the types of utterances and the

class of adjectives participants were exposed to, as well as the communicative goal of the

linguistic task and the identity of the communicative partner. We propose a single unified

probabilistic belief update analysis to account for all of the observations. Under our account,

threshold adaptation naturally falls out as the result of a listener-speaker coordination pro-

cess, which is guided by general principles of pragmatic reasoning. The current empirical

findings and theoretical proposals also find parallels in the perceptual learning and speech

adaptation domain, suggesting a domain general mechanism of learning and adaptation at

multiple levels of linguistic representation.
Keywords: semantic adaptation, communicative coordination, gradable adjectives,

threshold of application, Bayesian pragmatic reasoning, probabilistic belief update
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1. Introduction

Language communication requires successful mapping between form and meaning. Al-

though there are systematic grammatical constraints that regulate how a linguistic signal

is mapped to meaning, it is well-known that the form-meaning mapping is often highly

context-dependent, and exhibits a substantial degree of speaker variability. For example,5

at the phonetic level, one person’s /p/ sound may be acoustically indistinguishable from

another person’s /b/ sound. At the lexical level, what counts as tall for one speaker can

vary in different contexts, and further more what is tall may vary for a single speaker in

different contexts, and for different speakers in the same context. Observations of this sort

suggest that in order to successfully communicate, a listener needs to not only know what10

a linguistic signal can potentially mean, but also how different speakers can use the same

signal to mean different things. In other words, language users need to develop strategies to

adapt to different ways of talking, and coordinate accordingly with different conversational

partners.

Empirical studies for adaptation have been carried out for different levels of linguistic rep-15

resentations. A particularly fruitful area of active research is in speech perception. When

mapping acoustic signals to phonetic and phonological representations, listeners need to deal

with variabilities from situation to situation, and from talker to talker. There is a growing

body of work showing that listeners can make quick and flexible perceptual adjustment for

specific talkers and situations (Creel et al., 2008; Kraljic and Samuel, 2005; Pisoni and Levi,20

2012). Listeners change their phonetic category classification as a consequence of perceptual

learning after repeated exposure to a given acoustic stimulus (Norris et al., 2003; Samuel,

1986; Vroomen et al., 2007; Kleinschmidt and Jaeger, 2015). At a different representational

level, syntactic adaptation, at least in the form of syntactic priming, is also well attested.

Repeated exposure to a given syntactic structure triggers more subsequent production of25

the similar structure, as evidenced by both laboratory studies (Bock, 1986; Pickering and

Branigan, 1998; Jaeger and Snider, 2013) and corpus data (Gries, 2005).

Compared to the research in speech and syntactic domains, however, adaptation at the

lexical semantic level is much less understood. A few previous studies looked at lexical
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entrainment on object reference, showing that listeners keep good track of the speci�c ways30

other interlocutors refer to an object (Brennan and Clark, 1996; Metzing and Brennan,

2003). A recent study on quanti�er interpretation by Yildirim et al. (2016) also showed that

a listener would change her belief about whether a particular speaker would usesome or

many to describe a certain quantity of items after the listener was exposed to the speaker's

utterances. The existing �ndings lend strong support to the view that listeners can learn35

and store talker-speci�c information, and that becomes part of the contextual representation.

But there is little direct evidence that listeners also (temporarily or long term) change their

own lexical semantic representations as a result of coordinating with their interlocutors.

Furthermore, the underlying mechanism that mediates semantic adaptation also remains an

open question.40

Our focus in this paper is adaptation in the interpretation of gradable adjectives such as

tall. As is well known, what it means to be tall can vary from context to context: a tall

candle is shorter than a tall tree, and a particular gymnast may be judged tall in a context

involving other gymnasts, but not tall in a context involving gymnasts and basketball players.

The standard analysis of gradable adjectives in linguistic semantics treats them as denoting45

\threshold-dependent" properties, such thattall, for example, denotes the property of having

a height that is at least as great as a threshold of height (� ), whose value may vary (see e.g.

Lewis 1970; McConnell-Ginet 1973; Cresswell 1976; Klein 1980; von Stechow 1984; Barker

2002; Kennedy 2007; Lassiter and Goodman 2013; Qing and Franke 2014a and many others).

Sometimes the value of� is explicitly speci�ed as part of semantic composition, e.g. by a50

measure phrase (as in\this candle is six inches tall") or a comparative construction (\this

candle is taller than this wine bottle"). But when a gradable adjective is used in its unmarked,

\positive" form (as in \this candle is tall"), the value of � is both implicit and uncertain,

and must be inferred.1 Whether a particular object counts as tall in a particular context

1Our use of terms like \degree" and \threshold" in characterizing gradable adjectives should not be

taken as a commitment to speci�c assumptions about the lexical semantics of gradable adjectives, e.g. that

such expressions crucially involve reference to particular kinds of abstract objects or mental representations,

with associated metaphysical or cognitive commitments. Instead, we use this terminology as a means of

characterizing in a general and hopefully intuitive way what any descriptively adequate semantics must
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of utterance, then, depends not only on the object's actual height, but also on decisions55

about the value of� , and successful communication with a gradable adjective liketall thus

involves coordination between interlocutors both on the height of the object described and

on the implicit threshold for tall. Our goal in this paper is to ask whether individuals'

decisions about threshold values change over time through exposure to other individuals'

use of gradable adjectives, i.e. whether we �nd evidence for threshold adaptation. And if we60

do �nd evidence for adaptation, we wish to know what what it looks like, and what factors

are responsible for it.

A further theoretical goal of the current study is to establish a close parallel between adapta-

tion behavior at the lexical semantic level and adaptation at the level of speech perception.

In the empirical domain of gradable adjectives, as discussed above, an important part of the65

research question is how a language user decides where to draw, on a continuous scale of

degrees, an implicit threshold such that objects ordered on the scale could be classi�ed as

either belonging to certain category (e.g. the category of tall candles) or not. Framed in this

way, the question of interpreting gradable adjectives bears some resemblance to the question

of phonetic categorization in speech perception, such as how a listener decides the boundary70

between anpnand a nbncategories on a VOT continuum. As mentioned earlier, adaption at

the speech level has been thoroughly studied. A �nding that is particularly relevant for the

current purpose is that listeners adjust their categorical perception boundaries after being

exposed to an ambiguous acoustic stimulus that is labeled as belonging to a certain category

or a prototypical stimulus from a certain category. But the direction of the adaptation e�ect75

under these two types of exposure is di�erent (Norris et al., 2003; Samuel, 1986; Vroomen

et al., 2007). In the current study, we will look at how a listener shifts her threshold for

adjective interpretation after being exposed to ambiguous or prototypical stimuli. We will

be committed to: that gradable adjectives categorize objects in terms of where they rank along (possibly

multidimensional) orderings such as height, weight, beauty, intelligence and so forth; that they support

di�erent categorizations in di�erent contexts of use; and that these categorizations are sometimes made

explicit by other linguistic expressions (such as measure phrases or comparatives) and are sometimes implicit.

It is this last case that we are interested in here.
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in particular adopt the exposure-testing paradigm used in Vroomen et al. (2007). As we will

show below, this paradigm not only allows us to evaluate how people adjust their thresholds80

of adjectives after repeated exposure to another speaker, but it also provides us with an

opportunity to assess the time course of the adaptation behavior, i.e. how quickly people

adapt.

To preview, the basic adaptation behavior in adjective interpretations (Experiment 1) will

be very similar to the speech perception �ndings in the literature. To account for the85

observed adaptation behavior in adjective interpretations, we propose a mechanism that as-

sumes a listener who probabilistically updates her beliefs about adjective thresholds based

on experience. The belief update account developed here for gradable adjectives, when con-

strued more broadly, is very much in line with the Bayesian belief update account of speech

perception proposed by Kleinschmidt and Jaeger (2015). After presenting the empirical ev-90

idence and theoretical account for the basic adaptation e�ect, we will further demonstrate

in two additional experiments (Experiment 2 and 3) that there is a general pragmatic con-

straint modulating the adaptation of adjective interpretations: the e�ect size of adaptation

is a�ected by whether the listener perceives the speaker as having a shared communicative

goal.95

The basic structure of the exposure-testing paradigm consists of three phases. First, in the

pre-calibration phase, we collected participants' judgments about whether a gradable adjec-

tives accurately characterize an object from a scale, i.e. judgments about whether statements

like \this candle is tall" are true of di�erent candles. Next, in the exposure phase, we exposed

participants to other individuals' judgments about objects from the ambiguous or prototyp-100

ical regions of the same scale. And �nally in the post-calibration phase, we collected partic-

ipant judgments a second time, to determine whether their truth judgments about identical

objects | and therefore adjectival thresholds | changed after exposure, and so indicated

threshold adaptation. In order to build as comprehensive an empirical picture as possible,

we looked for adaptation e�ects in three gradable adjectives, each of which was taken from105

one of three semantic classes of gradable adjectives that are distinguished based on the kinds

of thresholds they use. The �rst,tall, comes from the class ofrelative gradable adjectives,
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whose thresholds are highly variable and context-dependent, and typically result in mean-

ings that characterize an object as having something like a \signi�cant" or \above average"

degree of the relevant property. This class includes most dimensional adjectives liketall,110

heavyand big, but also evaluative terms likesmart, lazyand beautiful, normative predicates

like goodand bad, experiential predicates likefun and tasty, and many others. The other two

adjectives,bent and plain, come from the class ofabsolute gradable adjectives: adjectives

with default minimum thresholds and adjectives with defaultmaximum thresholds .

Minimum adjectives are exempli�ed by adjectives likebent, stripedand open, which have uses115

that characterize objects as having a non-zero degree of the relevant property. For example,

a nail can be considered as bent as long as it has a non-zero degree of bend. Maximum

adjectives are exempli�ed by adjectives likeplain, straight and closed, which have uses that

characterize objects has having maximal degrees of the relevant property. For instance, a

straight nail, strictly speaking, is a nail that is absolutely straight. 2 Absolute adjectives120

also allow for variation in thresholds, but the variation is much more limited than for relative

adjectives (see e.g. Pinkal, 1995; Rotstein and Winter, 2004; Kennedy and McNally, 2005;

Kennedy, 2007; Toledo and Sassoon, 2011; Lassiter and Goodman, 2013; Qing and Franke,

2014a; Burnett, 2016). Looking at these three classes together therefore gives us a broader

empirical picture than looking at one type of adjective alone.125

In the following sections, we will present three experimental studies which provide evidence

that an individual's decisions about how to resolve semantic uncertainty in the meaning of

a gradable adjective in the positive form | how to �x the value of the adjective's threshold

of application | are inuenced by the exposure to another individual's use of the same

expression in a communicative exchange. We will see that the particular pattern of adap-130

tation depends both on the degree to which the object described manifests the degree of

the relevant gradable property, and on the prior threshold distribution for the predicate (as

2Relative adjectives, in contrast, cannot have either minimum or maximum threshold interpretations. A

minimum threshold interpretation of tall, for example, would be a meaning equivalent tohave height, while

a maximum threshold interpretation would presuppose a unique maximum height, and would characterize

an object as having that height. But both of these interpretations are non-sensical.
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exempli�ed by the three classes of adjectives). We will, nevertheless, argue that a single,

general belief-update mechanism, geared towards maximizing coordination on the degree to

which an object possesses a gradable property in a communicative task, can derive all the135

observed patterns.

2. Experiment 1

2.1. Material

We created images that depict scales for the adjectivestall, bent and plain, each of which

exempli�es one of the three threshold-based classi�cations discussed in Section 1. For each140

scale, we created images along a �ve-point continuum, with scale point one corresponding to

the minimum degree of the relevant adjectival property, and scale point �ve corresponding

to the maximum degree of the relevant adjectival property. For thetall scale, the height of

a candle gradually increased in height from shortest at point one to tallest at point �ve; for

the bent scale, a nail gradually increased in bend from straight at point one to signi�cantly145

bent at point �ve; and for the plain scale, a pillow gradually increased from very spotted

at point one to devoid of spots at point �ve. Figure 1 illustrates the three sets of scalar

continua.

2.2. Procedure and participants

The experiment was conducted on Amazon Mechanical Turk. The web-based experimental150

procedure was implemented using codes adapted from the study in Kleinschmidt and Jaeger

(2015)3. We recruited four di�erent groups of participants from Mechanical Turk, with

30 participants in each group. For each adjective scale, every participant completed three

phases in the following sequence:pre-calibration phase , exposure/test phase , and

post-calibration phase . The four groups were distinguished by the exposure/test phrase155

they received, as will be explained below. For each group, the testing on the three adjective

3The source code was adapted from http://hlplab.wordpress.com/2013/09/22/phonetics-online/.
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Figure 1: Five-point scalar continua.

scales was carried out in separate blocks. A participant �nished all three phases for one

adjective scale before moving on to the next one. The presentation order of the three adjective

blocks was randomized for each participant. In addition to the three critical adjective blocks,

we also included a fourth block that tested participants on a completely di�erent scale: the160

quantitative scale of numerosity. These trials served as �llers, and we will not discuss them

further. All groups of participants were tested with exactly the same procedure; the only

di�erence between groups was the exposure block they saw in the second, exposure/testing

phase of the experiment. Figure 2 provides a schematic overview of the study, which we now

explain in more detail.165

Each adjective block began with an initialpre-calibration phase , in which participants

were presented with randomly selected images from each of the �ve adjectival scale positions,

and were asked to make a yes-no binary judgment about whether the object in the image

had the property named by the adjective. For example, a participant would be presented

with one of the �ve images of a candle and asked\Is this tall?" , and would answer \yes"170

or `no.' Given the semantics of gradable adjectives presented in Section 1, a \yes" response

indicates that the value of the implicit threshold � is lower than the degree to which the
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Figure 2: The experimental procedure with one adjective scale. All adjective scales

have the same 3-phase procedure.

described object has the property in question, while a \no" response indicates that the value

of � is above this degree.

For each adjective scale, participants were presented with 30 trials total, with the image175

from scale position 3 repeated 10 times, the image from scale position 2 and 4 repeated

7 times each, and the image from scale position 1 and 5 repeated 3 times each. For each

participant, a logistic regression was performed to determine which scale position was the

most ambiguous for that participant; the image from this scale position was later used for

this participant's exposure/test phase if they were in either theAmbiguousPositive or180

AmbiguousNegative exposure groups, as described below. For thetall candle scale, the

ambiguous point falls on scale points 2, 3 or 4. Forplain pillow, the ambiguous point was

predominantly on scale point 4, and forbent bar predominantly on scale point 2.

After the pre-calibration phase, the participants moved to theexposure/test phase . In

this phase, each participant was presented with an image of an object from one of the scale185

positions (either the ambiguous position on the scale or the scale end positions, see below),
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paired with an utterance by a female, native American English-speaking talker. In the �rst

exposure trial, the talker began by uttering a sentence that established a conversational goal,

e.g. \I need a tall candle for a party," and then uttered a sentence that described the object

in the image as either having or not having the relevant property:\Look, this candle is tall!"190

(positive polarity) or \But this candle is not tall" (negative polarity). Participants were then

presented the same image 23 more times for a total of 24 trials, with slight variations of the

crucial utterance for variability (\Look, this candle is also tall!", \Too bad, this candle is

not tall." , etc.). The color of the image was also manipulated to vary from trial to trial,

but everything else remained the same throughout the 24-trial exposure sequence. Crucially,195

for each participant, the exposure image always came from the same scale position, and the

utterance paired with the image always had the same polarity. The purpose of repeating

the same exposure image/utterance pairs this many times is that it provided us with an

opportunity to track the time course of adaptation.

At six di�erent points of the exposure sequence | trial numbers 2, 4, 8, 13, 20, and 24200

| we interrupted the participants with test trials. In the test trials, each participant was

presented with the image from their unique ambiguous scale position, previously identi�ed

during the pre-calibration phase as described above, and the participant was asked to make

a yes/no judgment as to whether the image satis�ed the relevant adjective property. The

participant was also asked to make the same judgment about two additional images: one205

from the scale point immediately above the ambiguous scale position, and one from the scale

point immediately below it. After participants �nished each test trial, the exposure sequence

continued. To keep participants attention during the exposure sequence, in four di�erent

locations during the exposure sequence, a red or blue "+" symbol was displayed in the cen-

ter of the screen for 500ms, and participants were asked what color they saw after the cross210

symbol disappeared from the screen. As mentioned earlier, there were four groups of partic-

ipants. The overall procedure described above for the exposure/test phase was identical for

all four participant groups. But two factors distinguished the four participant groups: 1) the

scale position of image they were shown during exposure (Ambiguous vs. Prototypical )

and 2) the polarity of the associated utterance (Positive vs. Negative ). Participants in215

the AmbiguousPositive group were exposed to the image from their own most ambiguous
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scale point on the �ve-step scale continuum, and heard utterances in which the talker charac-

terized the object in the image as having the property in question (\This candle/nail/pil low

is tall/bent/plain" ). Participants in the AmbiguousNegative group were also exposed to

the image from their own most ambiguous scale point, but heard the talker describe the ob-220

ject asnot having the property in question (\This candle/nail/pil low is not tall/bent/plain" ).

Participants in the PrototypicalPositive group were presented with images from scale

position �ve (the highest scale position), and heard associated talker describe the object as

having the property in question (\This candle/nail/pil low is tall/bent/plain" ). And �nally,

participants in the PrototypicalNegative group were presented with images from scale225

point position one (the lowest scale position), and heard the associated talker describe the ob-

ject asnot having the property in question (\This candle/nail/pil low is not tall/bent/plain" ).

The Prototypical groups were so labeled because the talker's description of the images

perfectly matched the participants' judgments on these positions during the pre-calibration

phase. That is, an image from scale position �ve was always judged to be true for a given230

property, and an image from scale position one was always judged to be false for that adjec-

tival property.

Finally, after the participants completed the exposure/test phase, they moved to the post-

calibration phase, which was identical in all respects to the pre-calibration phase. For each

participant, the experiment took about 30 minutes to complete.235

2.3. Analysis and results

Our data analysis focused on two questions. First, we evaluated whether there are any

changes in participants' judgments in the post-calibration phase compared to the pre-calibration

phase, and how the changes (if any) were conditioned by the exposure trials. The post-

calibration phase involved a task identical to the pre-calibration phase, thus any changes in240

participants' responses from pre- to post-calibration would indicate an adjustment of their

threshold calculation for the adjective being tested, an adjustment triggered by exposure to

the image/utterance pairs during the exposure phase. Second, we examined the time course

over which the exposure-induced change developed. This was done by analyzing the 6 testing

11



trials obtained at positions 2, 4, 8, 13, 20 and 24 of the exposure sequence. Since the results245

turned out to qualitatively similar for the three adjectives we investigated (with a couple

interesting di�erences that we discuss below), we will �rst present the results for the trials

involving the relative adjective tall, and then turn to the results for the maximum adjective

plain and the minimum adjectivebent.

2.3.1. The relative adjectivetall250

E�ects of adaptation. The average number of \yes" responses from the pre-calibration and

post-calibration phases, as well as the di�erence scores between them at each scale position,

are presented in Figure 3. Our statistical analysis focused on two e�ects: the interaction

between Exposure Condition (i.e. the four exposure groups) and Calibration Phase (i.e. pre

vs. post-calibration); and the main e�ect of Calibration. For the interaction e�ect, we255

conducted a likelihood-ratio test between two mixed-e�ects logistic regression models: the

�rst contained in its �xed e�ects the main e�ects for the two factors and also the interaction

between the two, and the second is identical but without the interaction. Both models

contained in their random e�ects the random intercepts for participants. In both models, the

factors are sum-coded. Model comparison revealed a signi�cant interaction (p < :00001; df =260

3). The main e�ect of Calibration was also evaluated by a likelihood-ratio test between two

mixed e�ects logistic models that only di�ered in whether the main e�ect of Calibration was

included in their �xed e�ect structure. Following Levy (2018), when testing the main e�ect

of Calibration in the presence of an interaction e�ect, we converted the factor Exposure

Condition to a sum-coded numerical representation. The likelihood-ratio test showed a265

signi�cant main e�ect for Calibration ( p < :05; df = 1). For a summary of these results, see

Table 1.

These results indicate a general e�ect of adaptation: participants' evaluation criteria for

judging whether a given object is tall or not changed after they were exposed to the judg-

ment of another talker. What is particularly interesting is that the direction of the change in270

participants' acceptance judgments is determined by the exposure type, as indicated by the

signi�cant interaction between Calibration and Exposure groups. As shown in Figure 3, af-
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Figure 3: Comparison of pre- and post-calibration \yes" responses for relative ad-

jectivetall

ter the PrototypicalNegative and AmbiguousPositive exposure phases, participants

provided more \yes" responses in the post-calibration phase compared to their pre-calibration

phase, indicating a downward shift of of their threshold fortall. For the Prototypical-275

Positive and AmbiguousNegative exposures, participants provided more \no" responses

in their post-calibration judgments, indicating their threshold for tall was shifted upward

compared to the pre-calibration phase.

Time-course of adaptation.When assessing the development of the adaptation behavior over

time, we analyzed the judgment data obtained during the exposure phase. As noted above,280

participants were tested after trials 2, 4, 8, 13, 20 and 24 of the testing/exposure phase.

At these positions, participants made a Yes/No judgment on three testing trials: the image

from the most ambiguous scale point, and the images immediately below and above that

scale point. We chose to test these images because we took them to represent theambiguity

region for each participant's evaluation criteria, and we anticipated that they would be the285

most susceptible to the inuence of the exposure trials.

Following the analysis method in Vroomen et al. (2007), we �rst compared data from the
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AmbiguousPositive exposure group with the data from theAmbiguousNegative group.

Recall that for these two groups of participants, during exposure, they were presented with

the same ambiguous image, but the utterances they were exposed to had di�erent polarity.290

At each of the six points, a di�erence score was calculated between the two exposure groups,

collapsing over the acceptance judgments participants made over the multiple testing images

at each point. Since the results from the post-calibration phase showed that after theAm-

biguousPositive exposure, there was an overall increase in \yes" responses, in contrast

to the overall decrease of \yes" responses after theAmbiguousNegative exposure, a sig-295

ni�cant positive di�erence between the two (i.e. subtracting responses after the Ambiguous

Negative exposure from those after the Ambiguous Positive exposure, and comparing that

di�erence with zero) would indicate a substantial adaptation e�ect. As shown in Figure 4,

a signi�cant e�ect already appeared at the earliest position we tested, the 2nd exposure

trial.300

We also compared data from responses after thePrototypicalPositive exposure and re-

sponses after thePrototypicalNegative exposure trials. For this comparison, the results

from the post-calibration phase showed that after thePrototypicalPositive exposure,

there was an overall decrease in the \yes" responses, in contrast to the overall increase of

\yes" responses after thePrototypicalNegative exposure. Here a signi�cant negative305

di�erence between the two (i.e. subtracting responses after thePrototypicalNegative

exposure from those after thePrototypicalPositive exposure) indicates a signi�cant

adaptation e�ect has taken place. Figure 4 again shows that such an e�ect already appeared

after the 2nd exposure trial.

To statistically evaluate the development of the adaptation e�ect over time, for each of the310

two comparisons represented in Figure 4 (i.e. one comparison between the responses after the

two kinds of ambiguous exposures and another comparison between the responses after the

two kinds of prototypical exposures), we conducted logistic mixed e�ects models to test for

the main e�ect of exposure type and the interaction between the two. These two e�ects were

important since our primary question was whether participants' judgments at the testing315

trials would di�er under di�erent exposure utterances and whether the inuence of exposure
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Figure 4: The time-course of adaptation fortall

utterance was modulated by the number of exposure trials participants heard. The e�ect

of the location of the testing trial alone was not of theoretical interest to us, and therefore

we do not report it below. For each comparison, the full model included the exposure type,

location of the testing trial, and their interaction as �xed e�ects, and the maximum random320

e�ect structure that led to successful model convergence. The exposure type predictor was

treatment coded, with the AmbiguousNegative and the PrototypicalNegative ex-

posure coded as the reference baseline relative to thePositive exposure counterparts. The

location of the testing trial was coded as a continuous numeric predictor.

For trials tested after the AmbiguousPositive and AmbiguousNegative exposures, we325

found a signi�cant e�ect of Exposure type (Est = 2:03 � 0:39; z = 5:15), but there was

no e�ect for the interaction between Exposure type and the location of the testing trial

(Est = 0:005� 0:02; z = 0:24). These results suggest that there was a robust adaptation

e�ect after exposure, which appeared as early as the �rst location we tested (i.e. after the

2nd exposure trial). The e�ect stayed stable throughout the exposure phase. In other words,330

more exposure trials did not change the size of the adaptation e�ect.

For trials tested after the PrototypicalPositive and PrototypicalNegative expo-

sures, there was a trend towards an e�ect of Exposure type (Est = � 0:6 � 0:31; z = � 1:9),
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there was also an interaction between Exposure type and the location of the testing trial

(Est = � 0:07 � 0:02; z = � 2:8). This suggests that the number of exposure trials had335

an e�ect on adaptation. A separate analysis on the the �rst and second testing location

(i.e. testing carried out after exposure trials 2 and 4) found that there was no adaptation

e�ect after trial 2 ( Est = � 0:27 � 0:3; z = � 0:89), but there was an e�ect after trial 4

(Est = � 0:91 � 0:31; z = � 2:96). After removing data from the earliest testing locations

(trial 2), for the rest of the �ve testing locations, there was also a robust main e�ect of ex-340

posure type (Est = � 1:35� 0:5; z = � 2:7), but there was no longer an interaction between

exposure type and testing locations (Est = � 0:02� 0:02; z = � 0:8). These results suggest

that although the adaptation e�ect did not appear at the earliest testing location after the

prototypical exposure, it nonetheless appeared after 4 exposure trials, and stayed stable after

that. More exposure trials did not change the size of the adaptation e�ect. For a summary345

of the time course e�ects, see Table 2.

2.3.2. The absolute adjectivesbent and plain

In Figure 5 and Figure 6 we present the acceptance rating results from the pre-calibration and

post-calibration phases for the two absolute adjective scalesbent and plain. The di�erences

between the two phases are also presented in these �gures. The data analysis procedure for350

bent and plain was identical to tall. For bent, there is a signi�cant main e�ect of Calibration

Phase (p < 0:0001; df = 1); and there is also a signi�cant interaction between Calibration

Phase and Exposure type (p < 0:0001; df = 3). For plain, there is no main e�ect of Cali-

bration Phase (p > 0:4; df = 1); but there is a signi�cant interaction between Calibration

Phase and Exposure type (p < 0:0001; df = 3).355

The time course results forbent and plain are presented in Figure 7. The analyses procedures

were identical as the procedure fortall.

For trials tested after the AmbiguousPositive and AmbiguousNegative exposures, we

found a signi�cant main e�ect of Exposure type for both bent and plain (for bent: Est =

8:84 � 2:53; z = 3:5; for plain: Est = 6:87 � 1:55; z = 4:4). There was no interaction360

between Exposure type and the location of the testing trial for both adjective scales (for

16



Figure 5: Comparison of pre- and post-calibration \yes" responses for minimum

threshold absolute adjectivebent

Figure 6: Comparison of pre- and post-calibration \yes" responses for maximum

threshold absolute adjectiveplain
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