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ABSTRACT 

 

This thesis studies the integration of perspective taking in the derivation of ad hoc 

implicatures. A key assumption of the traditional Gricean theory of implicature derivation is 

that the consideration of the speaker’s epistemic state is a necessary step before any implicature 

can be derived. A psycholinguistic model based on the Gricean theory would therefore predict 

that if the potential referent of an utterance is not visible to the speaker, a listener should not 

select it, even if it is the most informative referent from the listener’s point of view and should 

therefore lead to an implicature. In this thesis, I give empirical evidence that participants do in 

fact sometimes select the best pragmatic match for an utterance even if it is hidden from the 

speaker, and I argue that these results fit best with a probabilistic constraint-based approach to 

both implicature and perspective taking.  
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CHAPTER 1: INTRODUCTION 

 

A well-established object of study in Pragmatics is the observation that utterances are 

often enriched beyond their strictly logical meaning: this is what is called an implicature. For 

a long time, implicatures were assumed to be derived following a specific theory, which started 

almost fifty years ago in the works of Paul Grice (1975). As the Gricean theory was adapted 

throughout the years, a core assumption emerged: for an implicature to occur, the speaker’s 

knowledge of the situation being described must be deemed sufficient by the listener. This 

theory can lead to the creation of a psycholinguistic model in which perspective taking is a 

necessary step for an implicature to be derived.   

 

In this thesis, I will reconsider the Gricean view, and instead defend a constraint-based 

approach to both implicature and perspective taking in which the consideration of the speaker’s 

knowledge is one of many factors that affects the probability of an implicature being derived, 

rather than a necessary step that allows or blocks the implicature. I will provide a theoretical 

account of this model, the predictions of which I will then test in an experiment focusing on ad 

hoc implicatures. The structure of the thesis is as follows. 

 

In Chapter 2, I explain how implicatures are derived in the Gricean framework, and I 

argue that all of the theories that were created for classic scalar implicatures can also be used 

to derive ad hoc implicatures in a way that is similar to how they derive scalar implicatures. 

This is critical to my study as the experiment that I have designed tests ad hoc implicatures. I 

also analyse why, in that framework, these implicatures can only be derived when the speaker 

has been deemed knowledgeable. In Chapter 3, I present various models of perspective taking 

that have been proposed and compare the views that claim that perspective taking starts off 

egocentric and those that claim listeners only consider the common ground. I then present a 

more recent constraint-based probabilistic model that accounts for all previous results and 

posits that egocentric and common ground perspectives are both integrated in perspective 

taking. I then discuss the predictions of that model combined with the traditional Gricean view 

of implicature and compare them with the predictions of a constraint-based view of implicature. 

In Chapter 4, I present an experiment that directly tests these predictions, and discuss how the 

results fit with the literature discussed in the previous chapter, as well as potential future 

avenues of research to test these findings further. In Chapter 5, I present the conclusions of the 

dissertation.  
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CHAPTER 2: AD HOC IMPLICATURES AND SPEAKER KNOWLEDGE 

 

2.1 The Gricean theory of implicature 

 

2.1.1. The mechanisms of implicature derivation 

 

A well-established phenomenon in pragmatic literature is the enrichment of the 

meaning of an utterance based on the existence of more informative alternatives. To illustrate 

this enrichment, consider a situation in which there is a basket containing fruit. If this basket 

contains two types of fruit, for example apples and bananas, the most informative sentence to 

describe the situation would be (1a) below.  

 

 (1a) There are apples and bananas in the basket.  

(1b) There are apples in the basket.  

(1c) There are apples and nothing else in the basket. 

  

In purely logical terms, however, someone saying (1b) in this situation would be correct: 

{apples} is a subset of the set of fruits in the basket, which is {bananas, apples}. However, 

unless something in the previous conversational context required it, there is no reason for a 

speaker to say (1b) rather than the more informative alternative (1a), and most speakers in this 

situation would use (1a). This leads to the common interpretation that if a speaker utters the 

sentence “There are apples in the basket”, the speaker actually means (1c), despite the fact that 

the added “and nothing else” is not encoded in the semantic meaning of the utterance. This 

enrichment is what is called an implicature.  

 

The traditional theory of how implicatures come about is based on the work of Paul 

Grice (1975), in which he establishes conversational maxims describing the ways in which 

speakers are assumed to be cooperative. The maxim relevant to the examples above is the 

Maxim of Quantity, which states that speakers give all the information that is needed in their 

utterance, and nothing more or less. Therefore, unless the context was specifically about apples, 

(1b) would not be the most informative sentence a speaker could say if there were other fruits 

in the basket. Following Grice’s assumption that speakers are cooperative, (1b) therefore leads 
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to the implicature that there are bananas and nothing else in the basket. This specific kind of 

implicature is what is called an ad hoc implicature, because it is derived contextually on an ad 

hoc basis (Bott & Chemla, 2016).   

 

The most studied type of implicature involves the enrichment of terms that can be 

ordered with their alternatives on a scale. The most common example is the enrichment of the 

quantifier “some” from its logical meaning “some and possibly all” to an enriched meaning, 

“some but not all”. This enrichment is illustrated in the example below:  

 

 (2a) Brian ate some of the apples.   

 (2b) Brian ate all of the apples. 

 (2c) Brian ate some but not all of the apples.  

 

In purely logical terms, (2a) is compatible with (2b): if Brian ate all of the apples, then he 

technically also ate some of them. Therefore, it could be that he actually ate all of them, and 

(2a) would still be true. However, the most intuitive interpretation is (1c), where the all 

meaning is being negated. Horn (1972) proposes that this stems from the fact that terms such 

as “some” or “or” have stronger, more informative alternatives (“all” is the common and most 

informative alternative for “some”, but intermediate alternatives such as “most” are also 

possible, and “and” is the more informative alternative for “or”). Horn proposes that these 

terms are ranked on something which has since often been called a “Horn scale”, which orders 

all of the scalar alternatives into a scale. Levinson (1983) gives examples of what the scales 

would look like, for example <all, most, many, some, few> for “some” and <and, or> for “or”. 

In this view, implicatures come from the fact that the speaker is using a lower term on the scale 

(e.g. “some”) when they could have used a higher term on the scale (e.g. “all”). 

Building on the works of Grice (1975) and Horn (1972), Gazdar (1979) proposes a 

formal account of how scalar implicatures such as (2) are derived. Importantly, the mechanism 

that he proposes applies only in cases where an expression from a quantitative scale is not 

within the scope of a logical operator. Potential issues with this assumption will be discussed 

in section 2.2. 

To illustrate Gazdar’s (1979) mechanism, consider a sentence p which contains an 

expression a that appears on a quantitative scale Q. p is represented as p= f(a). An implicature 

is predicted for p if a is not the most informative item on Q. Consider for example the following 

sentence. 
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(3) Roger ate apples or pears yesterday.  

 

In the above example, (3) is p, “or” is a and <or, and> is Q. Here, a is not the most informative 

item on the <or, and> scale, as “and” entails “or” and is therefore higher on the scale. Gazdar’s 

mechanism works by selecting a’, the word that follows a on Q (here, “and”), and forming 

q=f(a’) by replacing a by a’ in Q. Here q would be the following sentence:  

 

(4) Roger ate apples and pears yesterday.  

 

The scalar implicatures of p are generated using an epistemic certainty operator K, which 

means that the speaker is certain about the argument of K (Hintikka, 1962). The scalar 

implicatures for p are all expressions K¬q for all the possible q that can be derived. For (3), 

there is only one alternative q, as there is only one item that is more informative on Q. With 

this mechanism, the implicature of (3) would be the following:  

 

(5a) K¬ Roger ate apples and pears yesterday.  

(5b) The speaker is certain that it is false that Roger ate apples and pears yesterday.  

 

This leads to the implicature that would have intuitively been expected, namely that Roger ate 

apples or pears yesterday, but not both.  

 

2.1.2. Equivalent mechanisms for scalar implicatures and ad hoc implicatures? 

 

At first glance, ad hoc implicatures such as (1c) and scalar implicatures such as (2c) 

could seem rather different. Indeed, ad hoc implicatures are not based on a specific scalar term 

such as “some” or “or”. Instead, they are based on a noun phrase that varies from sentence to 

sentence. Therefore, they cannot be ordered on a lexical Horn scale like their scalar 

counterparts.  

It can be argued, however, that in cases such as (1) the implicature comes from a 

specific alternative that is the same for all implicatures of this type, and that can be represented 

by the following scale: <[NP], “[NP] and something else” >. The scale of alternatives 

constructed for (1a) would therefore be <apples, apples and something else>. The main 

difference is that “and something else” is not articulated as such (often “something else” is 
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replaced by another noun phrase, such as “bananas” in (1b)), but logically speaking saying (1a) 

would be true even if any other conceivable thing was in the basket, so in logical terms the 

scale of alternatives can be used.  

Gazdar’s (1979) account can therefore be adapted to ad hoc implicatures of the kind 

discussed above. If we consider (1a), repeated below as (6):  

 

(6) There are apples in the basket.  

 

In the above example, (6) is p, “apples” is a, <apples, apples and something else> is Q and 

“apples and something else” is a’. Therefore, q is “There are apples and something else in the 

basket”, which leads to the following implicature:  

 

(7a) K¬ There are apples and something else in the basket.  

(7b) The speaker is certain that it is false there are apples and something else in the                     

basket.  

 

This leads to the expected implicature, which is that there are apples and nothing else in the 

basket.  

 

Moreover, empirical research has suggested that classic scalar implicatures such as (2c) 

and ad hoc implicatures such as (1c) are derived using the same mechanisms. Bott and Chemla 

(2016) conducted an experiment based on priming, which has been shown to highlight 

similarities in structural representations that are abstracted away from the utterance itself 

(Pickering & Ferreira, 2008). In the case of implicature, the prediction is that if implicatures 

such as (1c) and (2c) both rely on the same mechanisms, then they should prime each other. 

They use structural priming, which is a process wherein participants adopt a specific linguistic 

structure on a prime trial and then use that same structure on a target trial. The experiment, 

modelled on Raffray and Pickering (2010), used a sentence-picture matching task. Participants 

were presented with a prime trial, in which the decision to derive an implicature or not was 

constrained, and a target trial, on which they had to decide whether they should derive an 

implicature or not. Results found priming effects between the ad hoc and classic quantifier 

scalar implicatures, which brings support to the idea that ad hoc implicatures are based on the 

same principle of negation of alternatives as classic scalar implicatures.  
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2.2 The epistemic step 

 

2.2.1. The epistemic step for scalar implicatures 

 

The mechanism described by Gazdar (1979) therefore seems to account for the 

derivation of both scalar and ad hoc implicatures. Sauerland (2004), however, identifies an 

issue with this mechanism. His argument is based on criticisms by Soames (1982) and Horn 

(1989): recall that Gazdar (1979) claims that it follows from Grice’s maxims that K¬q (the 

speaker is certain that q is not true), with q having been generated with the mechanism 

described in section 2.1.1. While Soames (1982) and Horn (1989) agree with how the q 

alternatives are derived, they argue that the Gricean maxims only lead to ¬Kq, namely that the 

speaker is not certain that q, rather than K¬q, which means that the speaker is certain that q is 

false, as claimed by Gazdar (1979). They claim that an additional assumption must be made to 

get to the implicature predicted by Gazdar (1979), such as the knowledge that Kq ∨	K¬q holds. 

This means that the listener knows that the speaker is knowledgeable about whether the 

alternative q is true or not, rather than the speaker simply being uncertain about it. For example, 

consider (8) below.   

 

(8) Some of the ducks are swimming.   

 

In (8), “the speaker is not certain if it is true that all of the ducks are swimming” is an acceptable 

statement even if the speaker is unaware of whether the other ducks in the set of ducks are 

doing something else. However, for the implicature that would intuitively be predicted (“the 

speaker is certain that it is not true that all of the ducks are swimming”) to occur, the person 

deriving the implicature must believe that the speaker has information about the whereabouts 

and activities of the other ducks in the set of ducks, and that they therefore know that they are 

not swimming.  

 

Sauerland (2004) formalises this assumption by proposing an extra step, the epistemic 

step. He establishes two types of implicature: primary implicatures, which mean “S is not 

certain that q”, and secondary implicatures, which mean “S is certain that it is not the case that 

q”. So far, based simply on Grice’s (1975) maxims and Gazdar’s (1979) mechanism, only the 

primary implicature can be derived. This, however, does not match the general intuitions about 

implicature.  
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(9) John ate some of the cookies.  

 

If a listener is searching for cookies, more often than not the sentence in (9) will lead them to 

believe that the speaker has knowledge that there are still cookies left, therefore that they 

believe that John did not eat them all. To account for this observation, Sauerland (2004) 

proposes a mechanism to derive secondary implicatures from primary implicatures.  

He explains that primary implicatures are derived in the following way: if q is a member 

of the set of alternatives of p, and q entails p but p does not entail q, then ¬Kq (the speaker is 

not certain that q) is a primary implicature of p. If ¬Kq is a primary implicature of p and K¬q 

is consistent with the conjunction of p and all primary implicatures of p, then K¬q (the speaker 

is certain that q is not true) is a secondary implicature of p. Consider example (10) below.  

 

(10) Freddie ate some of the cookies last night.  

 

Here, p is the sentence in (10) and q is “Freddie ate all of the cookies last night”, as “all” is a 

member of the set of alternatives of “some” and “all” entails “some” but “some” does not entail 

“all”. This leads to the primary implicature in (11) below. 

 

(11a) ¬K(Freddie ate all of the cookies last night)  

(11b) The speaker is not certain that it is true that Freddie ate all of the cookies last 

night.  

 

As there is only one primary implicature of p, the secondary implicature in (12) can 

straightforwardly be derived from it1.  

 

(12a) K¬ (Freddie ate all of the cookies last night)  

(12b) The speaker is certain that it is not true that Freddie ate all of the cookies last 

night.  

 

 
1 Here, I have chosen a straightforward example to demonstrate how the epistemic step operates, as that is what 
is important to the purpose of this thesis. For a more complex example that lead to several primary implicatures 
that do not all become secondary implicatures, see example (47) of Sauerland (2004).  
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Therefore, speaker knowledge must be considered for scalar implicatures to be derived 

following the traditional Gricean theory.  

 

2.2.2. The epistemic step adapted to ad hoc implicatures 

 

The epistemic step described by Sauerland only accounts for classic scalar implicatures 

with scalar terms such as “some” and “or”. However, in this section I will argue that it can be 

extrapolated to ad hoc implicatures such as (1c). First of all, as discussed above, I am operating 

on the assumption discussed in section 2.1.2. that the Gazdar (1979) mechanism works for ad 

hoc implicatures such as (1c). Moreover, as also discussed in section 2.1.2., ad hoc implicatures 

have been shown to use the same mechanisms to negate alternatives, which means that they 

should have the same assumption about speaker knowledge. To demonstrate how this would 

work, consider example (13) below.  

 

(13) Freddie put apples in the basket.  

 

Following the same principle as for (10), here p is the sentence in (13) and q is “Freddie put 

apples and something else in the basket”, as “apples and something else” is a member of the 

set of alternatives of “apples” and “apples and something else” entails “apples” but “apples” 

does not entail “apples and something else”. This leads to the primary implicature in (14) 

below. 

 

(14a) ¬K(Freddie put apples and something else in the basket)  

(14b) The speaker is not certain that it is true that Freddie put apples and something 

else in the basket.  

 

As there is only one primary implicature of p, the secondary implicature in (15) can 

straightforwardly be derived.  

 

(15a) K¬ (Freddie put apples and something else in the basket)  

(15b) The speaker is certain that it is not true that Freddie put apples and something 

else in the basket.  
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(15b) is equivalent to the expected implicature, namely that “Freddie put apples and nothing 

else in the basket”. Therefore, the Sauerland (2004) method can be applied to ad hoc 

implicatures such as (1) and (14), and ad hoc implicatures should require the same epistemic 

step as their traditional scalar counterparts.  

 

2.3. Empirical research on the epistemic step  

 

The previous section shows that for the assumptions of the Gricean theory to be met, 

there must be a step in which the speaker knowledge is taken into account before any secondary 

implicatures can be derived.  

Importantly, the Gricean theory and its adapted versions discussed above are based on 

a philosophical and theoretical approach rather than a psycholinguistic one, however a 

psycholinguistic model can be built based on the theoretical assumptions that are made. This 

model is what will be discussed and tested in the rest of this thesis and will henceforth be 

referred to as the Gricean model, to refer to the psycholinguistic model rather than the theory 

that it was based upon.   

The main prediction of this model is that, when processing an utterance, a listener will 

always take into account the epistemic step of the speaker, and only after that active step can 

any secondary implicature be derived. Crucially, if the information about the speaker’s 

knowledge state leads the listener to believe that the speaker is not knowledgeable about the 

truth values of the potential more informative alternatives, then no implicatures can be derived 

in this model.  

The information about the speaker’s epistemic step could be conveyed through 

linguistic information that details the speaker’s expertise or lack thereof, or though visual 

information about what is visible to the speaker and what is not. In this section, I will present 

previous research that has been done on both of these kinds of information. In the rest of the 

thesis, however, I will focus on the latter, by discussing manipulations of visual perspective.  

 

2.3.1. Evidence supporting perspective taking as an integral part of implicature derivation  

 

The claim that the consideration of speaker knowledge is a necessary step in the 

implicature derivation process -and by this, I mean the secondary implicature which is the one 

that is intuitively available- has been supported by the results of several empirical studies.  
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First of all, Bergen and Grodner (2012) found evidence in a study on reading times. 

Participants read a context that showed either a speaker that could be assumed to be fully 

knowledgeable (for example a person who has meticulously compiled a report) or partially 

knowledgeable (skimmed a report). They then read a related statement containing “some”, 

which could either lead to a primary implicature1 (“it is not certain that all”) or a secondary 

one (“it is certain that not all”). This was followed by another sentence that reinforced the 

secondary implicature reading (for example, if the target contained “some of the [NP]”, the 

next sentence would contain “the rest of the [NP]”, which means that the word “some” in the 

target sentence did not mean “all”). Results showed longer reading times for the sentence 

containing “some” in the full knowledge condition, and shorter reading times in the sentence 

that reinforced the implicature reading, which suggests that a secondary implicature was 

derived in the full knowledge condition, making the reading of the target more effortful and 

the reading of the following sentence less effortful, as it matches the “it is certain that not all” 

interpretation. The opposite pattern was found in the partial knowledge condition: the target 

was read faster and the following sentence slower, which suggests the absence of a secondary 

implicature, as this shows no effort to derive a secondary implicature in sentence containing 

“some”, and shows surprise leading to longer times in the second sentence as that one confirms 

a strong implicature reading but no such implicature was previously derived. This is strong 

support for the idea that speaker knowledge is being integrated in secondary implicature 

derivations.  

 

Breheny, Ferguson and Katsos (2013) have found additional evidence by studying ad 

hoc implicatures with eye-tracking. In their experiment, participants described situations seen 

in a video to each other, and their eye movements were monitored. The experiment investigated 

whether pragmatic reasoning would lead to anticipatory looks to certain parts of the visual 

display. The sentences studied were sentences such as “The woman put a spoon in the box”, 

which leads to the implicature “The woman put a spoon in the box and nothing else”. In the 

condition testing the epistemic state, either the speaker had seen all of the events in the video 

or not. Results found that if the participant had not seen the part of the video relevant to the 

implicature, there were no anticipatory glances to the box which matched the implicature. This 

 
1 In the original Bergen and Grodner (2012) study, they used the term “weak” and “strong” implicatures rather 
than primary or secondary. These terms are equivalent, but here I used “primary” and “secondary” to transition 
clearly from the Sauerland (2004) account, and because “weak” and “strong” are often used to describe the 
literal as opposed to the pragmatic reading (Dieuleveut, Chemla and Spector, 2019).  
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shows that speaker knowledge was taken into account, the epistemic step could not be done as 

the speaker was not deemed knowledgeable, and the implicature was therefore not derived, 

which matches the Sauerland (2004) theory.  

 

The integration of speaker knowledge was also tested in children. Kampa and 

Papafragou (2019 presented children with two pictures. Both featured the same woman on the 

other side of a table looking at a cardboard box separated into two compartments, one 

containing a spoon and one containing a bowl. The only difference between the pictures was 

that one, the full access condition, was set up so that the woman in the picture sitting across 

the table could clearly see both the spoon and the bowl, whereas in the other, the limited 

knowledge condition, one of the compartments was blocked on the woman’s side so that she 

could clearly only see the spoon, and only the person looking at the picture could see the bowl 

(as well as the spoon). Children then heard a recorded voice, which they were told was the 

woman in the photograph, and they had to pick which of the boxes she was talking about by 

picking one of the two pictures. If the epistemic state is taken into account, more informative 

utterances (“I see a spoon and a bowl”) should lead them to pick the full access, and less 

informative utterances (“I see a spoon”) should lead them to pick limited access. The results of 

the experiment matched these predictions, which leads to the conclusion that children are also 

able to take speaker knowledge into account when deriving implicatures.  

 

These studies all showed that participants were able to take speaker knowledge into 

account in implicature derivation and that implicatures were blocked when the speaker 

knowledge was not deemed sufficient, which supports the psychological reality of the 

epistemic step of Sauerland (2004). 

 

2.3.2. Potential counterevidence 

 

However, an experiment on teenagers with autism spectrum disorder (or ASD) showed 

a different pattern. Hochstein, Bale and Barner (2018) found that teenagers with ASD derived 

implicatures when the speaker was not knowledgeable, despite their ability to take perspective 

into account in communication when implicatures are not involved.  

They presented participants with three boxes. The contents of the first two boxes were 

visible to the participants, and contained the same fruit, e.g. strawberries. The content of the 

third box was hidden from the participants. The speaker (a plastic figure named Father Brown), 
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was described to the participants as starting off with no previous knowledge regarding the 

content of the boxes. Father Brown was then shown very clearly to look into the boxes. In the 

partial knowledge condition, he only looked in the first two boxes (the ones that were also 

visible to the participant) whereas in the full knowledge condition he looked in all three, 

including the one that was hidden from the participants.  

The critical question was “Do you think that there are strawberries in this box?”, “this 

box” being the third box that is hidden from the participants. If Father Brown says “some of 

the boxes have strawberries” in the full knowledge condition, where he’s seen the contents of 

all three boxes, then the participant is expected to respond “no” to the critical question. Indeed, 

if Father Brown knows the content of all three boxes and says “some of the boxes” rather than 

“all of the boxes”, it is reasonable to expect that there are no strawberries in the third box. This 

condition tests the derivation of implicature when the speaker is shown to be fully 

knowledgeable.  

If Father Brown says “some of the boxes have strawberries” in the partial knowledge 

condition, however, the “some but not all” implicature should not be licensed. Indeed, as the 

speaker does not know what is in the third box, the epistemic step is not possible: the primary 

implicature, “the speaker is not certain if it is true that all of the boxes have strawberries.” can 

be derived, but the secondary implicature, “the speaker is certain that it is not true that all of 

the boxes have strawberries”, cannot be derived as the speaker has no such knowledge. In that 

case, participants should not be able to know whether or not there are strawberries in the third 

box based on Father Brown’s utterance and should either respond “I don’t know” or pick yes 

or no at chance.  

In fact, participants consistently responded “no” to the critical question in both full and 

partial knowledge conditions, which means that in both cases they derive the implicature that 

“some but not all of the boxes have strawberries”, even when the speaker is not knowledgeable.  

 

Another developmental experiment with a different method than Kampa and 

Papafragou (2019) has also found interesting results. Wilson, Lawrence and Katsos (2019, 

unpublished manuscript) tested young children with a director task featuring cards that could 

lead to ad hoc implicatures. Participants were presented with a 2x2 array containing cards 

featuring various fruits. Children were given instructions by a puppet, such as “pick the card 

with pears”. One of the slots in the array was visible from the child’s point of view, but clearly 

hidden from the puppet. In the critical condition, a card featuring only the object in the 

instruction (e.g. only pears) was in the slot hidden from the puppet, while a card featuring that 
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item mixed with another similar item (e.g. pears and apples) was in common ground. Children 

performed well in the conditions that tested perspective taking alone, but many of them chose 

the card that was visible only to them in the critical condition. This goes against the findings 

of Kampa and Papafragou (2019) and shows that in some cases children do sometimes derive 

implicatures without considering speaker knowledge. 

 

The present study focuses on neurotypical adults rather than children or autistic 

teenagers, but the two studies discussed above give me good reason to believe that the picture 

is not as clear as was previously thought. The participants in the Hochstein et al. (2018) and 

Wilson et al. (2019, unpublished manuscript) experiments performed well in tests of pure 

perspective taking, and yet still derived implicatures that were not licensed by perspective 

taking. This could simply indicate a fundamental difference between children and autistic 

populations and neurotypical adults. It could also, however, support the idea that participants 

sometimes derive implicatures without considering the speaker’s knowledge. The difference 

between children, autistic teenagers and adults would simply be the rates at which this occurs. 

 

2.4. Alternative theories of implicature  

 

This thesis focuses on the testing of the Gricean and compares it with the recent 

psycholinguistics-driven constraint-based approach, which will be detailed in the next chapter. 

I will not go into detail about any other theory, but as other theories of implicature do exist, I 

will briefly describe the most prominent of them in this section.  

First of all, some of these theories claim that for sentences such as (1c) and (2c) the 

enriched “apples and nothing else” or “some but not all” meanings are derived by a default 

mechanism: Levinson (2000) claims that this default mechanism is a pragmatic one and is 

computed by a specialised pragmatic system, whereas the Grammatical theory (Chierchia, Fox 

& Spector, 2019; Fox, 2007; Chierchia, 2004) posits that the implicature meaning is computed 

as part of the grammar, through the addition of a silent exhaustivity operator which would have 

a meaning similar to “only some” or “only apples”.  

Relevance Theorists (Wilson & Sperber 2012; Carston, 1998; Sperber and Wilson, 

1986) adopt the opposite point of view, and claim that enriched meanings such as (1c) and (2c) 

are not the default interpretation, but instead that they are fully context driven. In this view, 

these implicatures are derived the same way as the most context driven non-scalar types of 

implicatures (such as the implicature that “the exam was difficult” that could come from the 
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sentence “some of the students” failed, as compared to the scalar “some but not all” implicature 

(Breheny, Katsos & Williams, 2006)). In the Relevance Theoretic view, rather than following 

the specific Gricean Maxims, speakers only follow a single principle of relevance, which 

means that any given utterance needs to have the maximum possible ratio of positive cognitive 

effects compared to how much effort is necessary to process it.  

Much work has been done to compare these theories (see for example Breheny et al. 

(2006) for an empirical study that brings evidence against the default accounts). However, this 

thesis will not explore this theoretical debate, and will instead focus on a comparison between 

two theories: the traditional Gricean theory and the very recent constraint-based approach. I 

will therefore not discuss these alternative theories further until the the further research section 

of Chapter 4, in which I will briefly address how further research could be extended to them.  

 

2.5. Summary of Chapter 2 

 

In this chapter, I have argued that ad hoc implicatures are derived with the same 

mechanisms as scalar implicatures, and that in the Gricean framework a step wherein the 

listener must consider the speaker’s knowledge is required for secondary implicatures to be 

derived. I have presented empirical research that both supports and contradicts this view. In the 

next chapter, I will consider one of the main ways in which speaker knowledge is assessed, 

visual perspective taking.  I will discuss the existing literature on the subject and will assess 

whether it is compatible with the Gricean model.  
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CHAPTER 3: MODELS OF PERSPECTIVE TAKING AND THEIR PREDICTIONS 

FOR IMPLICATURE DERIVATION  

 

3.1. Models of perspective taking 

 

In order to analyse how speaker knowledge is taken into account in implicature, one 

must first understand how this information is processed. Speaker knowledge can be conveyed 

through a number of ways. However, in this thesis, I will focus mostly on visual perspective 

taking, which is the process in which a person understands and takes into account another’s 

visual perspective, and how it conflicts with their own. 

There is no doubt that listeners are capable of taking a speaker’s perspective in 

communication (see for example Keysar, Barr, Balin and Brauner (2000))  

The real question, however, is whether that is a process that occurs immediately during 

the comprehension of a speaker’s utterance (Heller Grodner & Tanenhaus, 2008; Hanna, 

Tanenhaus & Trueswell, 2003), or whether listeners start off with an egocentric point of view 

before correcting it to take into account the speaker’s perspective (Apperly et al., 2010; Keysar, 

Lin & Barr, 2003; Keyser et al., 2000).  

 

3.1.1. Evidence for an initially egocentric model of perspective taking  

 

An influential study by Keysar et al. (2000) showed evidence for the egocentric option. 

Participants’ eye movements were tracked while they looked at a 4x4 array containing objects 

placed between them and a “director”, who they thought was another naïve participant. An 

example of the array used in the study is shown in Figure 1.  
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Figure 1: Sample display from Keysar et al. (2000). 

 

Some of the slots were occluded from the director’s point of view, but not from the 

participant’s point of view: I will call these “privileged” slots in the rest of this thesis. In the 

critical case, participants were given an instruction by the director that was ambiguous if the 

participant took the privileged slot into account and unambiguous otherwise. For example, in 

the case shown in Figure 1, they were asked to move “the small candle”. If the participant does 

not consider things that are in privileged slots, and does perspective taking immediately, then 

there is no problem: there are two candles of different sizes in common ground, the target 

should therefore unambiguously be the smaller one, circled in green above. However, if 

participants are originally egocentric and then correct themselves, they should first consider 

the smallest candle in privileged ground (circled in red), as it is smaller than the smallest candle 

in common ground and is therefore a better fit for the instruction “the small candle”. In 

fact, eye tracking measures showed that participants looked significantly more and longer at 

the occluded spot when it contained an object that could be a candidate to be a referent of the 

instruction, such as a candle in this case, compared to a control where the same occluded spot 

contained an unrelated object. Keysar et al. (2000) argue that this shows that, at least in some 

cases, listeners are egocentric in the first stage of the processing of the utterance.  
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Since that original paper, several other experiments have also argued for egocentricity. 

Keysar et al. (2003) ran a similar experiment, with the added difference that in the array there 

was a paper bag in which the participant had put an object while being hidden from the director 

by a cardboard screen. In 30% of the critical cases, participants tried to move the bag, despite 

the fact that the speaker did not know its contents. 71% of participants tried to move the bag at 

least once, and 46% of participants tried to move it at least half of the time. In contrast, 

participants never moved the bag in the baseline condition where the object in the bag was 

unrelated. Eye tracking measures also showed that when the content of the bag was the best fit 

for the instructions, looks towards the intended object in mutual ground were delayed. This 

experiment therefore also supports the theory of initial egocentricity in perspective taking.  

 

Apperly et al. (2010) also tested this theory, using similar displays to Keysar et al. 

(2000), but with measures of error rates and reaction times instead of eye tracking. They found 

that there were frequent errors when the occluded object was a good referent (e.g. the smallest 

candle out of three candles) and no errors in the cases where the occluded card was unrelated. 

 

All of these results bring support for the theory that participants initially adopt an 

egocentric strategy that they then correct, with varying levels of success.  

 

3.1.2. Evidence for the immediate consideration of common ground 

 

Several studies, however, have claimed instead that participants use a pure common 

ground perspective from the earliest stage of processing.  

 

First of all, Hanna et al. (2003) argued that the original results from the Keysar et al. 

(2000) study were not due to participants being egocentric, but rather to the fact that the 

privileged object was always a better perceptual match. To demonstrate this, they ran an 

experiment with a similar design, but where the common ground and privileged ground objects 

were both identical red triangles. When hearing instructions such as “put the blue circle above 

the red triangle”, participants were always more likely to look at the common ground red 

triangle and faster to choose it. This means that participants did use perspective taking 

immediately, which contradicts Keysar et al.’s (2000) conclusion.  

Hanna et al. (2003) propose a constraint-based approach, which accounts for both their 

results and Keysar’s (2000).  They propose that in these cases there is the integration of two 
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constraints: the common ground constraint, which biases interpretation towards objects that 

are in shared ground, to various extents depending on how strong the information is, and the 

perceptual match constraint, which biases interpretation towards the best perceptual match 

with the utterance. In both the Keysar et al. (2000) study and the Hanna et al. (2003) study, the 

common ground constraint leads to a bias towards the common ground. The difference, 

however, is that in Keysar et al. (2000) the perceptual match constraint leads to a competing 

strong bias for the smallest candle in privileged ground, as it is the best perceptual match out 

of the three candles. In Hanna et al. (2003), the two options are perceptually the same. This 

could explain the differences in results between the two experiments.  

 

Further research, however, has shown that these two constraints are not sufficient. 

Indeed, Heller et al. (2008) ran a similar experiment to the original Keysar et al. (2000) study. 

The task, like in Keysar et al. (2000), had an instruction containing a size adjective, such as 

“pick up the big candle”. Rather than have three objects, one hidden and two visible, this 

experiment had two pairs of objects with size differences (e.g. ducks and boxes). A sample 

display is shown in Figure 2 below (the dark slots are the privileged slots).  

 

 
Figure 2: Sample display from Heller et al. (2008). 
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In both pairs, the object that matched perceptually (e.g. the biggest box and the biggest 

duck) were both in common ground. For one of the pairs, however, the smaller object (e.g. the 

smaller box) was hidden from the speaker. The study looked at eye movements when the 

adjective “big” was uttered. Indeed, it has been shown that size adjectives lead participants to 

look for an appropriate referent, namely a referent that contrasts in size with another, before 

the noun itself has been uttered (Sedivy, Tanenhaus, Chambers, & Carlson, 1999).  

Results found that if there was a big and small duck, both in common ground, and a big 

box in common ground and a small one in privileged ground, then participants looked 

significantly more at the big duck, namely the referent that has a size contrast with an object in 

common ground. Interestingly, here the big duck and the big box are both in common ground, 

and are both perceptually equally good referents for the adjective ‘big’, as they are both big 

compared to an otherwise identical smaller object (recall that in the Hanna et al. (2003) 

constraints, the perceptual match constraint operated on all visible objects). Therefore, both the 

common ground constraint and the perceptual match constraint do not bias the participant 

towards the big duck, so the Hanna et al. (2003) constraints are insufficient. To explain these 

results, it is also important to consider the manner in which objects are referred to in relation 

to other objects in that domain. These results would be explained by a strategy that compares 

the referent of the utterance with only the objects in mutual ground (here the smaller duck) and 

not with the objects in the privileged ground.  

 

While this strategy explains the results of Heller et al. (2008), it is not compatible with 

the original Keysar et al. (2000) study: indeed, those results showed that listeners consider 

objects in the privileged domain when interpreting an utterance. To consider the smallest 

candle which was in the occluded case when hearing “the smallest candle”, the participant must 

make comparisons between objects in both mutual and privileged ground; according to the 

strategy used to explain Heller et al. (2008), they would simply compare the sizes of the two 

mutual ground candles without considering the referring expression in comparison with the 

occluded object, and would therefore not have any problem choosing the medium sized candle. 

As that is not the case, the results do not seem to be compatible.  
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3.1.3. Two different strategies of perspective taking? 

 

Several studies have claimed that the two sets of results from Keysar et al. (2000) and 

Heller et al. (2008) cannot be due to the same processing strategy, leading them to suggest that 

participants use different perspective taking strategies in these experiments. Several 

explanations have been proposed: for example, the choice of a perspective taking strategy has 

been theorized to be linked to how strong the cues to mutual ground information are (Brown-

Schmidt and Hanna, 2011) or to how strongly the listeners have been motivated to use only 

mutual ground information (Bezuidenhout, 2013). Kuhlen and Brennan (2013) also discuss the 

possibility that, in the studies that found the egocentric results, the participant assumed that the 

director had knowledge about the objects that were supposed to be privileged and based their 

strategy on that assumption of knowledge rather than on the visual shared common ground. 

 

3.1.4. One possible single strategy to cover all results 

 

While the above explanations are plausible, they don’t have as much explanatory power 

as a unified theory would. This is why Heller, Parisien and Stevenson (2016) have proposed a 

single strategy of perspective taking that uses the simultaneous integration of the common 

ground and egocentric perspectives. They propose a Bayesian model of reference resolution, 

which computes the probability that an object (obj) is being referred to, given a referring 

expression (RE) and a domain of reference (d). I will not fully go into the technical details of 

the probabilistic model, but I will explain the elements that are necessary to understand it, and 

to later on make predictions based on it.  

The first component of the probability calculation is the likelihood of each object in a 

specific domain to be a referent, without considering the referring expression. The specific 

purpose of this is to encode the assumption that objects in common ground are more likely to 

be the referents of the referring expression than objects in privileged ground, whatever that 

referring expression may be.  

The second component of the probability calculation is how likely all the possible 

referring expressions to describe an object would be based on a specific domain. This will 

depend on the perceptual properties of the object compared to others, similar to the Hanna et 

al. (2003) perceptual constraint: if there is only one candle in an array, “the candle” will be the 

most likely referring expression, whereas if there are two of differing size, “the [size adjective] 

candle” will be the most likely referring expression. The main difference with the perceptual 
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match constraint, however, is that in the perceptual match constraint the likelihood of an object 

being the referent is based on a comparison with all other objects perceptually available, 

whereas in the new theory by Heller et al. (2016) it is limited to a referential domain.  

Regarding the choice of said domain, as explained in section 3.1.3., the literature has 

suggested that the listener either uses only the egocentric domain (both mutual and common 

ground) or only the common ground domain (only mutual ground) when interpreting a 

referring expression: this is why the Keysar et al. (2000) and Heller et al. (2008) proposal were 

seen as incompatible.  

Heller et al. (2016), however, move away from this assumption and incorporate 

calculations for both domains instead of just one. They believe that all perspective taking 

comes from the integration of both of these domains, rather than the choice of either of them. 

This is based on the observation that despite the strong patterns observed by Keysar et al. 

(2000) and Hanna et al. (2003), their results did not fully go in the expected direction: in Keysar 

et al. (2000) participants did use common ground 77% of the time, despite the 23% that show 

a clear influence of egocentric perspectives, and in Hanna et al. (2003), despite the clear 

preference for common ground, participants did look at a privileged object that matched the 

referring expression more than an unrelated privileged object.  

 

Therefore, Heller et al. (2016) combined the values of their probability formula under 

the two settings of the domain: egocentric and common ground. The details of the formula are 

outside of the scope of this paper, but importantly they introduce a weight alpha (α) and its 

inverse (1 - α) to combine the influence of the two domains, where an alpha near 1 represents 

when a listener focuses more on the egocentric domain than the common ground one to pick 

the referent, and an alpha near 0 is when a listener focuses more on common ground than on 

the egocentric domain. This means that both domains are considered in reference resolution.  

 

Heller et al. (2016) constructed model simulations of their probabilistic model. The 

probability of the various referring expressions that could be used to describe a given object 

was estimated through a production experiment destined to elicit natural referring expressions 

for the objects in the various displays (probability that size adjectives would be used was very 

high, over .90 in all cases). The probability that an object in privileged ground would be chosen 

was set at .1, which is conservative given that that object was never the intended referent in 

any of the experiments. The predictions of the model simulations for the Heller et al. (2008) 

study and the Keysar et al. (2000) study are shown in Figure 3 below.  
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Figure 3: Simulations of the Heller et al. (2016) model for the Heller et al. (2008) and 

Keyser et al. (2000) designs.  

 

A reminder of what the two conditions look like is shown in Figure 4 below. The 

referring expression is “the big candle”.  

 

 
Figure 4: Design of the Heller et al. (2008) study (left) and Keysar et al. (2000) study 

(right) (Heller et al., 2016).  

 

The design shown in on the left, “pairs-privileged”, is based on the design of Heller et 

al. (2008) and the design on the right, “triplet-privileged”, is based on the design of Keysar et 

al. (2000). In the pairs-privileged design, the smaller funnel (top right) is privileged, whereas 

in the triplet-privileged design the largest candle is privileged (bottom left). 

For the pairs-privileged condition, we can see in Figure 3 that when alpha is equal to 0, 

which represents full common ground, the probability of the target option being chosen is very 
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high and the probability of the competitor option being chosen is very low, as its smaller 

counterpart is not an option in common ground. The respective probabilities are not zero and 

1, as the competitor card is still in common ground, making it a possible referent even in full 

common ground, despite the fact that the size contrast cannot be made so the odds of the 

referring expression attached to it including the word “big” are much lower (1.7, as in the 

production experiment size adjectives were used 17% of the time to describe objects that had 

no size contrast).  

When alpha is equal to 1, which represents a fully egocentric perspective, the two 

options have the same probability of being chosen. Indeed, when the common vs. privileged 

ground distinction is completely removed, the two options are equally likely: both options are 

a big object that has an associated smaller object in the display, neither is more likely upon 

hearing the adjective “big”.  

 

In the triplet-privileged condition, however, things are different. For an alpha of 0, the 

probability of the privileged card being selected is 0: indeed, it is not in common ground, and 

cannot be considered in that case. This leaves the medium candle as the only possible candle 

(as participants would not pick the smallest candle when hearing “big”), which is why it has a 

very high predicted probability of around .9. It is not 1, as the funnel is still technically a 

possible option: it is in common ground and as discussed before participants sometimes accept 

size adjectives for single objects.  

When alpha is 0 and the perspective is fully egocentric, it is predicted that the 

participants will choose the big candle 100% of the time: there are three candles and one of 

them is clearly very big, it is therefore by far the most likely option.  

Interesting observations come for intermediate values of alpha. For nearly all 

intermediate values in the pairs-privileged condition, the target referent (e.g. the big candle) is 

preferred over the competing big object (e.g. the big funnel). For the triplet-privileged 

condition, however, the common ground referent (e.g. the medium candle) is preferred for 

values of alpha between 0 and 0.5, and the privileged ground referent (e.g. the biggest candle) 

is preferred for values of alpha between 0.5 and 1. This accounts for the results of both Keysar 

et al. (2000) and Heller et al. (2008): for an alpha of around 0.5, for example, the model predicts 

competition between the common ground and privileged ground candles in the triplet-

condition, which is the result found by Keysar et al. (2000), and it predicts a clear preference 

for the target object with some amount of interference from the competitor in the pairs-

privileged condition, which is the result found by Heller et al., 2008.  
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This model therefore seems to account for all results, as the model predictions resulting 

from the integration of the two perspectives allow for both egocentric and common ground-

biased behaviour.  

 

3.2. Combining the perspective taking models with theories of implicature derivation 

 

In this section, I will look at how the traditional Gricean view of implicature would fit 

with the models of perspective taking discussed above. I will then consider another theory of 

implicature, the constraint-based approach, and discuss the predictions that it makes based on 

the Heller et al. (2016) constraint-based model of perspective taking. To discuss the difference 

between these theories, I will establish the predictions that each theory makes for the display 

shown in Figure 5.  

 

 
Figure 5: Example of a conflict between implicature and perspective taking (privileged 

ground implicature condition) for the utterance “Pick the card with apples”.  

 

In this situation, the slot with the dark grey background is the privileged one. The director gives 

the instruction “Pick the card with apples.”. Importantly, there are two cards with apples, but 

only one with just apples: this is a case where the instruction “pick the card with apples” would 

lead to the implicature “pick the card with apples and nothing else”. The card that matches this 

enriched instruction, however, is in privileged ground. This leads to a conflict between 

informativeness and perspective taking. This display will henceforth be referred to as a 

“privileged ground implicature”, as it contains a possible implicature reading that is due to the 

content of the privileged ground.  
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3.2.1. Predictions for the Gricean view of implicature 

 

As discussed in section 2.2., the Gricean view of implicature requires a step in which 

the speaker’s knowledge about the situation, and therefore in this case visual perspective, is 

taken into account before the secondary implicature can be derived. For Figure 5, that would 

mean that participants should never derive the “pick the card with apples and nothing else” 

implicature and should always select the card with apples and oranges, as the epistemic step is 

required for implicature derivation in the Gricean framework and an active consideration of 

perspective taking is necessary for that epistemic step, which therefore leaves the common 

ground card with apples and oranges as the only viable option. 

 

The Gricean-based psycholinguistic model, therefore, can only fit with two ideas of 

perspective taking: the first possibility, arguably the one that fits the Gricean model the best, 

is that perspective taking takes place in the earlier stages of processing in all cases and the 

listener is never egocentric, meaning that the speaker’s perspective is always taken into account 

and therefore the epistemic step always happens in early processing.  

 

The most logical fit for this would be a theory where perspective taking is the first step 

in language processing. This would be compatible with studies such as Hanna et al. (2003) or 

Heller et al. (2008), which show perspective taking in the mental selection process. For this to 

work, the findings that listeners are sometimes egocentric should all be due to methodological 

reasons, as claimed by Kuhlen and Brennan (2013).  

In that case, participants should pick the common ground card featuring apples almost 

100% of the time, and accuracy rates should be almost identical to the accuracy rates in a 

display such as Figure 6.  
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Figure 6: Example of a display with an unambiguous common ground referent (unambiguous 

condition) for the utterance “Pick the card with apples.”. 

 

Indeed, in this display there is only one card with apples, so that card should be picked 

with 100% accuracy. If perspective taking uses only the common ground, then in Figure 5 the 

content of the hidden card should be completely ignored, and there should be no difference in 

performance between Figure 5 and Figure 6 despite the fact that there are apples in the 

privileged card in Figure 5 and oranges in Figure 6.  

However, Heller et al. (2016) show that in the same controlled experimental condition, 

participants can take both egocentric and common ground perspectives into account, which 

makes the theory that egocentric results are due to methodology highly unlikely.  

The Heller et al. (2016) findings, however, are not necessarily fully fatal for the Gricean 

model. Indeed, the two can arguably be reconciled if a key assumption is made: the assumption 

that informativeness does not play any part in the computation of the probabilistic model that 

leads to the perspective taking decision.  

As an example of how that would work, consider the two setups below: on the left is 

the display presented in Figure 5, and on the right is a card with two sets of apples as well, but 

both of them also have oranges on the card, and therefore neither is more informative.  
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Figure 7: Comparison of a display with a privileged ground implicature with a display with a 

privileged ground ambiguity for the utterance “Pick the card with apples”.  

 

In the proposed adaptation of the Heller et al. (2016) model, these two displays would 

lead to the exact same accuracy rate in the selection of the target card (the common ground 

card with apples and oranges). Indeed, the two cards have an equal number of apples and in 

that sense are equally good matches perceptually. The only difference between them is that in 

the display on the left the privileged ground card has only apples and is therefore a better 

pragmatic fit for the utterance “Pick the card with apples”. Since in the Gricean theory this 

difference in informativeness can lead to an implicature only once the speaker’s epistemic state 

has been taken into account, it cannot have a role in the perspective taking itself, therefore the 

two cards in Figure 7 should lead to the same response: picking the common ground card that 

contains apples. The pragmatic process responsible for implicature derivation would only begin 

after the process of perspective taking, and therefore would not operate here as the more 

informative option would have been eliminated.  

In Figures 8 and 9, I have created a rough estimate of what the probability of selection 

of each object would look like in the Gricean theory. It is important to note that I did not 

calculate the probabilities for the model like Heller et al. (2016) did, this is simply a visual 

representation of what I expect these curves would look like based on the curves for the Heller 

et al. (2008) and Keysar et al. (2000) designs calculated in the Heller et al. (2016) paper. These 

curves would measure the probabilities when the participant gets to the word “apples”. 

 

 

Conflict between perspective taking 
and informativeness 

Pure perspective taking 
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Figure 8: Representation of the probability of the two competing objects being selected 

based on values of alpha in the pure perspective taking display in the Gricean view.  

 
Figure 9: Representation of the probability of the two competing objects being selected 

based on values of alpha in the privileged ground implicature condition in the Gricean 

view.  

 

In both cases, if alpha equals 1, which means full egocentricity, the probability should 

be 0.5, as we’ve established that in this model the two cards with apples are considered identical 

for both displays when it comes to perspective taking, making it ambiguous between the two 

cards. If alpha equals 0, which means fully only considering common ground, in both cases the 

probability of the common ground card being the referent would be 1, as it is the only common 

ground card with apples, and the probability of the privileged ground card would be 0, as it is 

not in common ground and cannot be taken into account.  
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Predictions could also be made of what the model would look like for a display such as 

Figure 6, shown in Figure 10 below.  

 

 
Figure 10: Representation of the probability of the two competing objects being 

selected based on values of alpha in the common ground unambiguous display.  

 

Here, similarly to the Gricean theory with the pure common ground, the probability of 

choosing the common ground card would be 1, as it is the only card in the whole display that 

contains apples and is therefore the only possible referent.  

This would lead to the following behavioural predictions for the Gricean theory. The 

first option is that the common ground is the only referential domain being taken into account 

in perspective taking, and for all three conditions the accuracy in picking the common ground 

card should be at 100%.  

The second option, the adapted probabilistic model that I have tentatively discussed 

above, is more complex, and makes various predictions depending on the value of alpha. The 

first possibility, for both the privileged ground implicature display and the pure perspective 

taking display, is that, due to other factors in the study, participants use only the egocentric 

perspective (alpha=1) and choose at chance between the two cards with apples. The second 

possibility is that participants only take into account the common ground (alpha=0) and only 

choose the common ground card. The third possibility is that alpha is somewhere between 0 

and 1, in which case participants would be more likely to choose the common ground card to 

varying extents: a more marked preference for the common ground card is expected for values 
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of alpha between 0 and 0.5, and accuracy values are expected to get closer to chance as alpha 

gets closer to 1. For the common ground unambiguous condition, the accuracy should be at 

100% either way. These predictions could seem hard to test, as it is hard to identify which 

value of alpha is being used. The crucial prediction, however, is that, assuming the two displays 

in Figure 7 are presented randomly in a within participant display and the alpha value is 

therefore the same,  there should be no significant difference in accuracy between the 

privileged ground implicature display and the pure perspective taking display: whether they 

are at ceiling accuracy or at chance, they should be the same in both cases, and participants 

should not be selecting the privileged ground card more often in the condition with the conflict 

between perspective taking and implicature.  

 

3.2.2. Potential issues with the assumptions of the Gricean constraint-based model of 

perspective  

 

However, the above predictions are based on a rather big and potentially problematic 

assumption, which is that informativeness does not have any influence on the probability of a 

referent being picked. Indeed, one of the big factors in the Heller et al. (2016) model is the 

likelihood of a specific expression being used as the referring expression based on an object in 

a designated referential domain. This is arguably the very basis of implicature. “Pick the card 

with apples” is a decently likely referent if the display contains only one card with apples, even 

if this card happens to also feature oranges. However, if the display also features a card with 

only apples on it, then the most likely referring expression to describe that card with apples 

and oranges becomes “the card with apples and oranges”, in the same way that “the candle” is 

a likely referent when only one candle is present, but “the small candle” becomes a more likely 

referring expression once a larger candle is added into the display in the Keysar et al. (2000) 

study.  

This leads to a different prediction: informativeness should play a part in the calculation 

of the likelihood that the object is the one being referred to, in the same way that perceptual 

factors such as size play a part in the Heller et al. (2016) model. In that case, the predictions 

for the pure perspective taking condition (the display on the right in Figure 7) would stay the 

same: the common ground card would be preferred as alpha gets closer to 0, and the accuracy 

would get closer to chance as alpha gets closer to 1 (as shown in Figure 8).  
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The predictions for the privileged ground implicature display, however, would be 

different. If informativeness influences the perspective taking probabilistic model in a similar 

way than perceptual match does, we should expect the curve represented in Figure 111.  

 

 
Figure 11: Representation of the probability of the two competing objects being selected based 

on values of alpha in conflict between perspective taking and implicature display in a purely 

constraint-based view. 

 

In this situation, as in all other cases, if alpha is at 0 and only common ground is taken 

into account, then the common ground card will always be selected and the privileged ground 

will never be selected, as only one card in common ground contains apples.  

 

The interesting difference, however, is when alpha is equal to 1 and the listener is 

employing a purely egocentric perspective: indeed, when the common vs. privileged ground 

distinction does not matter, the cards can be compared purely on how well they match the 

referring expression. As the card with just apples is a better match, it should be chosen all of 

the time, and the less informative card should never be chosen.  

When alpha is 0.5 and the two perspectives are weighed equally, the accuracy should 

be at chance level, as perspective and informativeness weigh each other out. In intermediate 

 
1 Once again, this is meant to be a rough estimate of the expected tendencies. This graph is based on the 
assumption that the influence of informativeness would be the same as the effect of perceptual match in the 
Keysar et al. (2000) study, as I have not done a production experiment.  
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values of alpha, you would expect the common ground card to be more likely to varying extent 

between 0 and 0.5, and less likely between 0.5 and 1.  

 

In terms of the comparison between the two displays in Figure 7, it is predicted that accuracy 

will be lower in the privileged ground implicature than in the pure perspective taking condition, 

especially as alpha gets higher, in which case at some point the probability of the more 

informative privileged card being selected would be above 50%.  

To an even higher extent than that difference, a difference between the unambiguous 

common ground display and the privileged ground implicature display would be expected, as 

the accuracy of the former is expected to be at 100%. The accuracy for the pure perspective 

display is also predicted to be slightly lower than the accuracy for the unambiguous display, 

increasingly so as alpha increases.  

 

However, this view does not match a Gricean view of implicatures: if informativeness 

influences the perspective taking process, then it means that the epistemic step has not taken 

place, which as I have shown above is not possible within the Gricean framework. If the above 

predictions are empirically verified, then the Gricean view of implicature should be 

reconsidered. 

 

3.3. Reconsidering the Gricean view: a constraint-based approach of implicature  

 

The most logical pairing with a constraint-based model of perspective taking that takes 

informativeness into account would be a constraint-based approach to implicature. In this view, 

the probability with which an implicature is dependent on the contextual support it receives 

(Degen & Tanenhaus, 2015,2016). 

This theory assumes that the probability of implicature derivation is based on various 

factors that can be assigned various settings, which all influence the final outcome (Degen & 

Tanenhaus, 2019). Degen and Tanenhaus (2019) discuss several of these factors. The first is 

the Question Under Discussion. For example, consider our original example (1b), repeated 

below as (16).  

 

(16) There are apples in the basket.  
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Consider a situation where an interlocutor asks, “What fruits are there in the basket?”. In that 

case, (16) would be very likely to lead to the implicature “There are apples and nothing else in 

the basket”. If the question under discussion, however, is “I’m hungry, do we have any apples 

left?” and the interlocutor responds (16), then the likelihood of the implicature being derived 

is much lower, as the potential other contents of the basket are not relevant to this discourse.  

The second factor is world knowledge: this one is not so relevant when it comes to our 

present example, but it is an important factor in utterance interpretation.  

The third factor concerns the properties of the utterance itself. This combines the cost 

of the utterance (which is a difficult thing to characterise but takes into account things such as 

length, frequency of occurrence or syntactic complexity) with the informativeness of the 

utterance.  

The last factors are common ground and speaker knowledge, which are the subject of 

this thesis.  

 

These factors, however, are only some of many that can influence interpretation. For 

example, Degen (2015) found that there was variation in the strength of implicatures for all 

of the naturally occurring uses of “some” in the Switchboard corpus (Godfrey, Holliman, & 

McDaniel, 1992), and that that variation was predicted by contextual features, such as 

syntactic features, semantic features, and pragmatic. These apply more specifically to some, 

but similar factors are expected to affect rates of ad hoc implicature. For example, there could 

be a difference in rates of implicature between instructions such as “Pick a card with apples” 

and “Pick the card with apples”.  

Overall, this means that all of these factors have an influence on the probability of an 

implicature being derived: evidence for this influence on probability of enrichment has been 

shown for the Question Under Discussion (Degen, 2013; Zondervan, 2010; Breheny et al., 

2006), world knowledge (Degen, Tessler & Goodman, 2015), properties of utterances and their 

alternatives (Degen & Tanenhaus, 2016), cost of the stronger alternative (Degen, Franke, & 

Jäger, 2013; Rohde, Seyfarth, Clark, Jäger, & Kaufmann, 2012), speaker knowledge (Breheny 

et al., 2013; Goodman & Stuhlmüller, 2013; Bergen & Grodner, 2012) and contrastive stress 

(Cummins & Rohde, 2015).  

Therefore, the probability of a given term being enriched is the integration of the 

probabilities given by the settings of these various factors in that given situation.  
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The important question is how this compares with the Gricean view in terms of the 

integration of speaker knowledge. In the Gricean view, the epistemic step is necessary for the 

implicature to take place: if a speaker is not knowledgeable, the implicature is fully blocked. 

In a constraint-based view, however, no implicature is ever fully blocked, but instead the 

probability of the implicature occurring varies based on the various factors, going from 0 to 1. 

A speaker not being knowledgeable, therefore, would not fully block the implicature: it would 

simply reduce the probability of the implicature occurring. In some cases, it could reduce it to 

levels close enough to zero that the implicature would seem blocked, in other cases it could 

reduce it but still let some implicatures slip through.  

This would therefore mean that the probabilistic model for perspective taking from 

Heller et al. (2016) would combine with the probabilities of the implicature being derived. A 

prediction that could be made is that all of the factors except for speaker knowledge would 

combine to form the probability of the referring expression being used to refer to the more 

informative card (apples in this example) and that that probability of implicature would then 

be entered into the probabilistic model for perspective taking and the value that comes out for 

the more informative card would be the probability of that card being picked, which is 

equivalent to the probability of the implicature being derived in the absence of speaker 

knowledge.  

 

3.4. Potential individual differences in perspective taking 

  

Another factor that could be important in the calculation of the probability is potential 

differences in rates of implicatures between participants. If the probabilistic model is true and 

perspective taking is truly the integration of the egocentric and shared domains, then there are 

two possibilities, as discussed by Heller et al. (2016): either each individual trial leads to a 

calculation that is guided by both domains, and they are weighed based on their relative 

contribution in the specific situation, or the probability formula captures the behaviour of a 

specific individual across all trials.  

This second option means that there could be individual differences in rates of accuracy, 

with some participants calculating perspective taking based on a higher value of alpha than 

others, and therefore choosing more privileged cards than others.  

The first option does not exclude the possibility of individual differences, however: 

there could be individual patterns in the strategy even if both perspectives are considered on 

every trial. The two options are quite difficult to test, but the following hypotheses could 
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tentatively be made: 1) there are no observed patterns of individual differences, which supports 

the first option but seems unlikely, 2) there are clear individual differences, and participants 

are consistent in their choices 3) there seem to be individual differences but there also seems 

to be variation within each participant.  

In fact, previous research on perspective taking has found evidence that individual 

differences in perspective taking exist and can be attributed to individual differences in 

executive function.  

 

First of all, evidence has been found of working memory capacity being a predictor of 

perspective taking capabilities. Indeed, working memory has been shown to vary across 

individuals (Just & Carpenter, 1992). Lin, Keysar and Epley (2010) showed that participants 

with lower working memory capacity had more difficulties than participants with higher 

working memory capacities to apply their theory of mind to interpret behaviour. The authors 

used eye tracking in a referential communication task, and also made the participants do a 

working memory task. They found that the results in the working memory task predicted 

participants’ ability to use perspective taking in reference resolution.  

 

Warlow (2013) also found effects of working memory: participants’ performance in a 

perspective taking test was predicted by scores on a working memory test (forward and 

backward subtests of the Wechsler Adult Intelligence Scale, 3rd edition (Wechsler, 1997)).  

In the same experiment, the perspective taking performance was also predicted by a test of 

what they call executive control (but is often called inhibitory control), the Flanker task (Fan, 

McCandliss, Sommer, Raz, & Posner, 2002).  

 

Inhibitory control is the capacity that enables participants to resist behavioural 

impulses. The act of considering another’s perspective requires inhibiting your own when 

those two perspectives conflict (Friedman & Leslie, 2005). In the examples presented in 

section 3.2., that would mean resisting the impulse to click on a card that is hidden from the 

speaker, even when it seems more appealing from an egocentric point of view.  

 

Brown-Schmidt (2009) showed that participants’ inhibitory control capacities, tested 

with a Stroop-like task (Stroop, 1935), predicted their ability to use perspective taking in a 

referential communication task.  
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Nilsen and Graham (2009) found similar results in young children (4 and 5-year-olds). 

They found that performance in inhibitory control tasks (an adapted Stroop task (Stroop, 1935) 

and a tapping task (Diamond & Taylor, 1996; Luria, 1966)) predicted how egocentric a child 

would be in their reference resolution.    

 

Another potential source of individual differences could be the presence and strength 

of autistic traits. This is based on the findings of Hochstein et al. (2018) discussed in section 

2.3.2. that autistic participants derived implicatures that were not licensed by speaker 

knowledge, when neurotypical participants did not. This could lead to a prediction that autistic 

participants, or participants who have traits similar to the symptoms of autism, could 

experience more difficulties in the integration of perspective taking information in 

communication.  

 

Overall this suggests that individual differences may exist in reference resolution, and 

that these differences might be predicted by executive function capacities.   

 

3.5. Summary of the predictions outlined in Chapter 3 

 

This chapter has shown that for the Gricean theory to be supported, participants should 

never derive implicatures that are not licensed by the information in common ground with the 

speaker. If participants do derive these inferences, then that would be an issue for the Gricean 

model. In that case, another theory should be considered. The constraint-based approach would 

be a good candidate to account for such results. In Chapter 4, I will report on a novel experiment 

which directly tests the predictions discussed in Chapter 3. 
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CHAPTER 4: THE EXPERIMENT  

 

4.1. Design and predictions of the main task:  

 

The experiment was a computer version of the director task, similar to the perspective 

taking experiments discussed in Chapter 3 (Heller et al., 2016; Apperly et al., 2010; Heller et 

al., 2008; Hanna et al., 2003; Keysar et al., 2003; Keysar et al., 2000). A sample display is 

shown in Figure 12 below.  

 

 
Figure 12: Sample of what a participant sees. 

 

The displays were based on the design used in Wilson et al. (2019, unpublished 

manuscript).  

Participants were presented with a sentence, understood to be “spoken” by an unseen 

director called “John”. Underneath the sentence, there was a 2x2 array of pictures, and 

participants had to click on the one that best represented the sentence spoken by John. In each 

one, one of the slots had a dark grey background, which was explained to be hidden from John. 

Cards showed either one type of item or two.  

 

To avoid any perceptual preference for an item based on its quantity, there were always 

three of the target item on a card, so that the only difference between a less and more 

informative card was the presence of another item rather than the amount of target items. This 
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way, in trials with instructions such as “Pick the card with bananas.”, all cards featuring 

bananas had three bananas, regardless of whether they had only bananas or bananas and another 

type of item. Therefore, participants made their choice based on whether they derived the 

“bananas and nothing else” implicature, rather than picking a card with more bananas because 

a higher number of the item would fit the instruction better, or simply because a higher number 

of items is more perceptually attractive.  

 

4.1.1. Conditions  

 

The conditions are represented in Figure 13 below. There were five conditions. Once again, 

the dark grey slot is the card that is in privileged ground. In the figure, green borders were 

added around the target slot for each condition to show which response was coded as correct. 

These green borders were not present in the actual experiment.  

 

 
Figure 13: Representation of the five conditions of the experiment for the instruction 

“Pick the card with pears”.  
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First, condition A was the unambiguous condition. In that condition, only one card 

featured the item mentioned in the instruction. In Figure 13, that item is “pears”, therefore the 

only card featuring pears was the top left one. In this condition, the target item was always 

featuring one other type of item (in Figure 13, the added items were bananas). This was done 

to make sure that participants understood that “pick the card with n” was an acceptable way, 

albeit a less informative one, to describe a card with mixed items. This was designed to keep 

participants from choosing hidden cards in other conditions because they thought that the 

mixed card was not a viable choice for the instruction. This condition was the baseline 

condition discussed in section 3.2. The specific predictions will be detailed in the next section.  

 

The second condition, condition B, was the common ground implicature condition. 

This condition had two cards that semantically matched the instruction (here a card with pears 

and bananas and a card with only pears). However, the card with only pears was a better match 

if a participant derives the implicature “pick the card with pears and nothing else.”. This 

condition was used as a baseline for the rate of implicature in this design.  

 

The third condition, condition C, was the unambiguous privileged condition. This 

condition had two identical cards featuring the item that was asked for in the instructions, but 

this time one of these two cards was in privileged ground, hidden from “John”. This tested the 

accuracy in perspective taking between two identical cards with common ground vs. privileged 

ground as the only difference, which can be helpful when trying to estimate values of alpha for 

the constraint-based model of perspective taking. As discussed in section 3.2., this display was 

also the main comparison with the critical privileged ground implicature display. The specific 

predictions will be detailed in the next section. The target cards for this condition were the 

same as the target card in the unambiguous condition: they contained the items of the 

instruction as well as another type of item (e.g. bananas). That way, this condition could be 

directly compared to the unambiguous condition, as this comparison is also important.  

 

The fourth condition, condition D, was the critical privileged ground ad hoc implicature 

condition. In a similar way to the common ground implicature condition, it featured two cards 

that both matched the instruction semantically:  a more informative one (in Figure 13, only 

pears) and less informative (in Figure 13, pears and bananas). The critical difference, however, 

was that the more informative card was in the privileged ground, making the less informative 
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card the only viable option if perspective taking had eliminated the privileged ground option. 

This tested whether participants would ever derive the implicature and click on the hidden card, 

favouring informativeness over perspective taking.  

 

The last condition, condition E, was the common ground and privileged ground 

implicature condition. In this display, there was the same common ground implicature as in 

condition B, but there was also another card featuring only the item from the instruction (pears 

in Figure 13) in privileged ground. This card was made to compare with condition B, with an 

added ambiguity between common ground and privileged ground.   

 

4.1.2. Predictions 

 

Before detailing the predictions, it is useful to recall the three theoretical models that 

are being compared here. The first one, which I will call Gricean pure common ground, follows 

the Gricean theory of implicature, and combines it with a perspective model wherein 

participants are never egocentric, and only consider items in common ground. The second, 

which I will call Gricean constraint based, also follows the Gricean view of implicature, but 

combines it with the Heller et al. (2016) probabilistic view of perspective taking. The third, 

which I will call pure constraint-based model, adopts a constraint-based view of both 

implicature and perspective taking.  

 

Based on the theoretical discussion in the previous chapter, the predictions of the 

experiment are the following.  

The Gricean pure common ground theory predicts that conditions A (common ground 

unambiguous), C (privileged ground unambiguous) and D (privileged ground implicature) 

should have the same accuracy rates and reaction times, as in that theory the privileged card is 

not even considered in the selection process.  

In that theory, condition B (common ground implicature) and condition E (common 

ground and privileged ground implicatures) should also have identical accuracy rates and 

reaction times compared to each other, as they are identical apart from the privileged card, 

which is not considered. It could be that the times for conditions B and E would be slower than 

those for conditions A, C and D, as implicature derivation has been argued to be a time 

consuming process ( e.g. by Noveck (2003), which is a source of much debate that is not the 

focus of this thesis). Even outside of that debate, however, conditions B and E are expected to 
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be slower simply because they require a selection between two options, whereas the common 

ground of conditions A, C and D only have one card featuring the item from the instruction. 

 

In the Gricean constraint-based theory, as in all theories, condition A is predicted to 

have 100% accuracy. Conditions C and D, however, do not have a specific predicted accuracy 

rate, as those would change based on the value of alpha, but importantly they should be equal 

to each other in accuracy rates and reaction times, as in that theory the informativeness of the 

card does not play a part in the perspective-taking process.  

For any value of alpha over zero, the accuracy rates of conditions C and D should be 

lower than that of A, as only for an alpha of 0 is there a predicted selection rate of 100% for 

the target common ground card. If values of alpha are low, however, this difference may be 

very small.  

For condition E, since in this model informativeness plays no role in the perspective 

taking calculation, then for an alpha of 1 all three cards containing pears should be considered 

to the same extent, with a predicted probability of approximately .33, and as alpha decreases 

the probability of the privileged card would also increase until it reaches 0 when alpha reaches 

zero, whereas the probability of the two other viable options in common ground would increase 

until they reach .5. In this condition, however, this model does not directly predict accuracy 

rates, as the participant would then be predicted to correct their perspective taking if it was 

originally incorrect, and to then derive the Gricean implicature based on this correction. This 

predicts a high accuracy for this condition, similar to B with potentially a few added errors if 

the correction of the perspective error fails, but it potentially predicts longer reaction times, as 

there could be an added step of perspective correction that does not exist in B.  

 

Finally, in the pure constraint-based model, unless alpha is 0, in which case condition 

A, C and D would again be at 100% accuracy, the accuracy rate for condition D is predicted to 

be lower than that of condition C, to a varying extent. To visualise this comparison, the 

predicted probabilities from section 3.2.2. for these two displays were superimposed in Figure 

14.  
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Figure 14: Representation of the probabilities for the two possible cards in conditions 

C and D based on values of alpha (alpha=0 representing the use of only the common 

ground domain, 1 representing the equal use of the privileged and common ground 

domains).  

 

Here, the predicted rate of selection for the target card is predicted to be lower for 

condition D than for condition C for all values of alpha above zero, and that difference is 

predicted to increase as values of alpha increase. The crucial predictions for the pure constraint-

based theory is therefore an accuracy that’s lower for condition D than for condition C, and 

lower than condition A to an even bigger extent.  

For condition E, the calculation of the probabilities would once again depend on how 

important informativeness actually is, but if we stay with the assumption that informativeness 

is a very strong factor and that the probability of selecting the more informative card in B is 

100%, then we would expect the less informative card in E to have 0 percent selection rate. In 

that case, the same ambiguity between common and privileged ground as in condition C would 

be expected: the prediction would be that the common ground and privileged ground cards 

would be ambiguous for an alpha of 1, and a 100% selection rate of the common ground card 

for an alpha of 0 would be expected. Condition E should therefore have the same accuracy 

rates as condition C. 

Predictions for reaction times in this theory are not as clear. Arguably they could be 

predicted to follow the pattern of accuracy. However, since this theory posits the simultaneous 

integration of factors rather than a process with a varying number of steps, then reaction times 
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are not as clear of a measure as accuracy. In the discussion section, I will discuss online 

measures that would be more suitable than reaction times to test these specific predictions.  

 

Therefore, the main measure to differentiate between theories is the relative accuracy 

scores of condition A (unambiguous), condition C (privileged ground unambiguous) and 

condition D (privileged ground implicature). For the pure common ground Gricean model, 

accuracy rates for the three conditions are predicted to be the same. For the constraint-based 

Gricean model, accuracy rates for conditions C and D are predicted to be the same, and both 

are predicted to be lower than for condition A. For the pure constraint-based model, accuracy 

for condition D is predicted to be lower than for condition C, and accuracy for condition C is 

predicted to be lower than for condition A.  

  

4.2. Method 

 

4.2.1. Materials  

 

Participants took part in 40 trials in total constructed like the conditions described 

above. There were 8 sets of the 5 conditions shown in Figure 12. Four of them depicted fruits 

(pears, oranges, bananas and apples) and four of them depicted animals (pigs, cats, ducks and 

hens), with each of them being the target item in the instructions for one set.  

The position of the hidden box and the position of the target box were varied: overall, 

the hidden and target card were in each possible position 10 times (10 times in top right, 10 in 

top left etc). This ensured that participants would not get accustomed to the hidden card being 

in a certain position or could not have created a preference for the target based on a specific 

position. The full set of items is available in Appendix A. 

 

8 distractor displays were also mixed in with the 40 trials. The distractor displays 

featured a normal display, but instead of having an instruction of the format “Pick the card with 

n”, they featured the instruction “Pick the card that I can’t see”, making the privileged card the 

target. An example distractor display is shown below. 
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Figure 15: Example of a distractor display. 

 

The kinds of display that were used were varied, and the privileged card occurred twice 

in each possible position. The full set of items is available in Appendix B. These distractors 

were added to ensure that the participants would not develop a selective-attention strategy 

wherein they automatically ignore the contents of the occluded card once they get accustomed 

to the design. The use of the personal pronoun in the instructions and the reference to the 

speaker’s point of view also serve as a reminder that the instructions are being given by an 

unseen director with a specific point of view.  

 

4.2.2. Procedure 

4.2.2.a. Instructions 

 

Before the participant took part in the main task, they were presented with instructions. 

The instructions explained John’s point of view. In the instructions, the items were caterpillars, 

spiders, bees and butterflies.  

Participants were shown John’s point of view, and how it compared to their own. They 

were then given two questions to test their comprehension of what John couldn’t see. Then, 

they were given four practice trials in the same format as the main trials and one distractor. The 

practice trials were 3 unambiguous trials and one privileged ground ambiguous one to show 

them that a relevant card could be hidden from John’s perspective. A full set of instructions is 

available in Appendix C.  
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In all stages of the instructions, when participants clicked the correct card, they 

advanced to the next trial. When they picked the wrong card, however, they were kept on that 

trial until they picked the right card. A little red cross appeared over the card every time they 

picked the wrong card.  

 

4.2.2.b. Main task 

 

After the instructions, participants advanced to the main task. Trials were randomised 

by the Gorilla system, which means that there was no pattern that participants could get used 

to.  

In between trials, participants had to click on a “next” button to advance to the next 

trial. The reaction time measure was the time between the click of the “next” button and the 

selection of one of the four images. The procedure is shown in Figure 15 below. The red grid 

in Figure 15 was added to the figure to demonstrate the position of the next button compared 

to the subsequent trials but was not present in the experiment. 

 

 
Figure 16: Sample of a trial.  

 

As shown in Figure 15, the “next” button was placed at the location which would be 

the middle of the 4 buttons in a trial. That way, when participants went to click the “next” 

button, they had to put their mouse back in the centre of the screen/pictures so that the mouse 

would be equidistant from the four images and therefore would not start off further or closer 

from the target than the other images, which could reduce or augment the reaction times. Unlike 

in the instructions, participants were brought to the next trial on the first try, regardless of which 

card they had selected, and were not given feedback when their answer was incorrect.  
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4.2.3. Executive function tests 

 

Additionally, participants were given some executive function tasks after the main 

experiments. The first test, designed to measure working memory, was an N-back task 

(Kirchner, 1958). Participants were presented capital letters one by one, and they had to press 

one key on their keyboard if that letter had been seen two trials before (for example, in the 

sequence “B,D,G,K,G,E,H,E” they would press that key). For all other letters, they would 

press another key.  

To test inhibitory control, they were given a version of the Stroop task (Stroop, 1935). 

Colour words would appear on screen. Some of them were written in the colour of the word 

(e.g. “red” written in red), and some of them were written in another colour (e.g. “red” written 

in yellow).  

Finally, participants were given a classic task to test general executive function, a 

Wisconsin card sorting test (Berg, 1948). In that test, the card was presented to a participant, 

and they had to match it with one of four available cards. The participant is not told what the 

rule to match the cards is (either colour, type of shape, number of shapes), but is told when 

they are wrong. The rule changed every 4 trials.  

 

4.2.4. Autism quotient test  

 

Additionally, participants were given a short Autism Quotient (AQ) test. Importantly, 

the participants in the study were not filtered on the basic of any diagnosis, I was just interested 

in analysing if participants who derived more privileged ground implicatures had higher AQ 

scores than participants who mostly or always considered common ground. The AQ test 

contains 10 questions and participants had to answer them by clicking “definitely agree”, 

“slightly agree”, “slightly disagree” or “definitely disagree”. This test is recommended in 

‘Autism: recognition, referral, diagnosis and management of adults on the autism spectrum’ 

(NICE clinical guideline CG142). A list of the questions is included in Appendix D.  

 

4.2.5. Participants  

  

As English fluency was required to ensure natural responses from participants, 

participants were filtered based on their first language being English. A similar filter was added 

to check that participants were not colour-blind, as the Stroop task is based on colour 
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perception. 59 participants (28 M, 31 F, age range 18-54, mean age 30.5) were recruited online 

on ProlificAcademic.  60 participants were originally recruited, but one of them had reaction 

times that were around 150 ms compared to averages of 2000 ms for all of the other 

participants, so they were removed from the analysis. Participants were compensated around 

£1 for their time. 

 

4.3. Results  

4.3.1. Accuracy  

The mean (%) and range of accuracy for each condition is shown in Table 1 below.  

 

 
Table 1: Mean and range of accuracy by condition.  
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There was a statistically significant difference in accuracy depending on the condition, 

χ2(4) =33.69, p <.001. Post hoc analysis with sign tests (Benavoli, Corani & Mangili, 2016) 

was conducted with a Bonferroni correction applied, resulting in a significance level set at p < 

.005.  

There was a statistically significant reduction in accuracy in condition D compared to 

A (p < .001), to B (p=.004), to C (p=.003) and to E(p=.002). There was also a significant 

reduction in accuracy in condition C compared to condition A (p=.004). No other differences 

were significant.  

 

The participants were also divided in two categories, passers and non-passers, based 

on their accuracy in the critical privileged ground condition. Participants with at least 7 out of 

8 correct answers in that condition, or 87.5% accuracy, were considered passers, as that is at 

least one standard deviation above chance. Participants with 6/8 or less were coded as non-

passer The proportion of passers for all 5 conditions are presented in Table 2 below. 

   

 
Table 2: Proportion of passers by condition.  
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Cochran's Q test determined that there was a statistically significant difference in the 

proportion of passers and non-passers across conditions χ2(4) = 47.512, p < .001. Post hoc 

analysis with McNemar tests was conducted with a Bonferroni correction applied, resulting in 

a significance level set at p < 0.005.  

The proportion of passers was significantly lower in the privileged ground implicature 

condition (D) than in the unambiguous condition (A) (69.49% vs 98.31%, p<.001), the 

privileged ground implicature condition (B) (69.49% vs 98.31%, p<.001), the privileged 

ground ambiguous conditions (C) (69.49% vs 89.83%, p<.001) and the privileged and common 

ground implicature condition (69.49% vs 91.53%, p<.001). No other differences between 

proportions of passers were significant. 

 

The first observation that can be made is that accuracy rates and proportion of passers 

in the common ground implicature condition (condition B) are at almost 100%. This means 

that participants have an almost 100% preference for the more informative card. To actually 

construct a probabilistic model like the one in Heller et al. (2016) for the present displays, a 

production task should be conducted to establish more specific values for the probabilities of 

the referring expression, but this baseline implicature shows that the assumption that more 

informative options are highly preferred is valid.  

 

Looking at the comparisons of the various conditions, it is clear that results match the 

predictions sketched out for the pure constraint-based approach (the constraint-based view of 

both implicature and perspective taking). 

Indeed, the first prediction of that view was that the critical privileged ground 

implicature condition (condition D) would have lower accuracy than the privileged ground 

ambiguous condition (condition C). This was the case in the results, with 76.90% vs. 91.95% 

accuracy and 69.49% vs 89.83% passers, with both differences statistically significant. This 

indicates that participants were more likely to click on the privileged card if it was more 

informative than if it was equally informative, which shows that informativeness does play a 

role in the model of perspective taking. This brings support against the Gricean constraint-

based view, in which informativeness only plays a role once the perspective taking step is done.  

The second prediction was that the common ground unambiguous condition (condition 

A) would be at almost 100%, which is the case (98.52% accuracy, 98.31% passers, which is 

due to one participant making 2/8 errors). This prediction fits with all three theories. The 
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Gricean common ground theory, however, predicts that accuracy for condition A should be the 

same as that of conditions C and D, as in this theory participants should never select a 

privileged card. In fact, the accuracy rates of both condition C and D were significantly lower 

than those of condition A, and the proportion of passers was significantly lower for condition 

D than for condition A. The difference between the rate of passers in conditions C and A was 

not significant, but there was still a difference of 8.48 between the two, which is noticeable. 

This is not surprising, as condition C was predicted by the pure constraint-based model to have 

accuracy values between condition D and condition A. This therefore goes against the Gricean 

common ground model and supports the pure constraint-based model.  

The last prediction of the pure constraint-based model is that the accuracy rates for the 

privileged ground ambiguous condition (condition C) and those for the privileged and common 

ground implicature condition (condition E) should be similar, which is the case (no significant 

difference between the two, and both slightly lower rates than conditions A and B). This is due 

to the fact that, assuming a very high importance of informativeness (which seems to be the 

case), condition E essentially becomes a privileged vs common ground ambiguity, like 

condition C. 

 

While the accuracy rates follow the predicted paths based on the line drawn for the 

target cards in the graphs in section 3.2.2., it is interesting to check what the nature of the errors 

were. First of all, out of the 109 errors made on condition D, only 4 were due to something else 

than picking the privileged card, which chose that the lower accuracy rates were unmistakably 

due to an effect of informativeness. In condition C, however, 8 out of 38 errors were other 

common ground cards, which means that the rate of selection of privileged cards for condition 

C may have been lower than expected, but this only makes the critical difference between 

conditions D and C bigger.  

 

A methodological observation must be added: 3 out of 4 of the errors in condition D 

and 4 out of 8 in condition C were a card with only ducks being selected instead of a “hen + 

cat” card for the instruction “pick the card with hens”, and 2 out of 8 errors for condition C and 

the remaining error for condition D were a card with only hens being selected instead of a 

“duck + pig” card for the instruction “pick the card with ducks”. It therefore seems like the 

difference between hens and ducks was not clear enough in the pictures, or not enough of a 

contrast in participants’ minds, and when the opportunity to choose a more informative card 
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arose, they used the two animals interchangeably. If further tests are done using this 

experiment, more contrastive items should be used.  

 

Finally, interestingly, 9 of 27 of the condition E errors were in common ground, and all 

of those errors were the less informative distractor card (apples and oranges instead of just 

apples, for example. This suggests that the informativeness probability is very close to 100% 

but not fully, as participants still choose the less informative option in a handful of cases. This 

matches the fact that condition B is close to but not at 100% accuracy.  

 
4.3.1. Reaction times 

Mean reaction times as well as standard deviation are reported in Table 3 below.  

 

 
Table 3: Mean and standard deviation of reaction times by condition.  
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Values for each participant that were higher than the sum of the third quartile and the 

interquartile range multiplied by 1.5 were considered outliers and removed.  

A repeated measures ANOVA with a Greenhouse-Geisser correction determined that 

mean reaction time differed statistically significantly between conditions (F (3.344, 193.929) 

= 3.201, P < .020). Post hoc tests using the Bonferroni correction revealed that there was a 

significant reduction in reaction time in condition B compared to condition C (p=.025, and a 

marginally significant reduction in condition E compared to condition C (p=.063). This seems 

to indicate that the privileged ground perspective taking was the only one to be more time 

consuming, which does not inform us much regarding the constraint based theory, which 

doesn’t make clear predictions as it is based on simultaneous integration of factors rather than 

a step by step process.  

 

It is worth pointing out, however, that these results do not fit with the Gricean pure 

common ground theory, which predicted that conditions B and E should be slower, as they 

require the comparison of two items whereas in that theory for conditions A, C and D only one 

item is considered. In fact, here the results for conditions B and E have the fastest reaction 

times. Therefore, while these results do not directly support the constraint-based view, they do 

provide some form of evidence against its competitor, the Gricean pure common ground view.  

 

4.3.2. Individual differences 

 

The mean of the difference in accuracy between conditions C and D is 0.15. Looking 

at the difference between the two curves for targets in Figure 13, and combining it with the 

accuracy scores, would predict that overall the average alpha used was somewhere between 0 

and 0.5, maybe somewhere around 0.2.  

The interesting thing, however, is that rather than all participants having a difference 

between conditions C and D of around 0.15, there were very big individual differences, with 

many participants having a difference of 0 and some having a difference of 1. 41 participants 

were passers (0.875 or 1 accuracy) in both condition C and D: that indicates that, in a constraint- 

based model, those participants would be operating with an alpha of 0 or very close to zero.  
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The non-passers in D had a mean accuracy of only .292. This shows that there are 

individual differences, which around 2/3 of the population doing perspective with an alpha of 

almost 0, and the other third using much higher values of alpha (closer to an egocentric 

perspective), to various extents. This clearly suggests individual differences in the choice of 

referential domain.  

Moreover, all of the non-passers in C were also non-passers in D, and only one 

participant has a higher score in condition C than in D. This matches the predictions of the 

model, as the main prediction was that accuracy in condition C would be lower than that in D. 

Interestingly, however, many of the individual values did not match the specific predictions of 

the model. Indeed, several participants were passers in condition C but had 0% accuracy in 

condition D, when the model would predict that for an accuracy of 0 in condition D, accuracy 

for condition C should be at around 0.5.  

 

The first explanation for this could be that, as suggested by Heller et al. (2016) (it was 

in fact their preferred option), there could be a choice of referential domain on a trial-by-trial 

basis. In that case, participants would have a tendency to use a lower or higher value of alpha, 

as suggested above, but there would also be a choice of domain for each trial, where higher 

values of alpha would be chosen for trials featuring a contrast in informativeness, rather than a 

set value of alpha for each participant.  

Another potential explanation could be that the behavioural selection only reflects parts 

of the selection process, and that some of the trials, especially in condition C, led to a mental 

selection that was then corrected, whereas in condition D the privileged option was too 

tempting and was not corrected. This two-stage process could be a possible explanation of why 

the reaction times for C were slower.  

 

4.3.3. Executive function and autism quotient test scores 

  

Mean scores in the executive function tasks and autism quotient test are shown in Table 

4 below. They were sorted based on whether the participant was a passer or a non-passer in the 

privileged ground implicature condition (condition D).  
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Table 4: Mean scores of the executive function and autism quotient tests separated by 

passer vs. non-passer in condition D.  

 

This data does not seem to have any interesting patterns. The AQ score average is a bit higher 

than for passers, which is the opposite direction than was expected, which is also the case for 

the Wisconsin Card sorting test scores. In the N-back test scores were virtually identical. In the 

Stroop task, where the score shown is the accuracy for the condition where the colour and the 

word were mismatched, the scores seem slightly lower for non-passers than for passers, which 

is the predicted direction. 

 A correlation analysis could not be run, as assumptions of linearity and monotonicity 

were violated.  

To test for effects between the passer and non-passer groups, Mann-Whitney tests were 

run for all of these tests, as well as for a composite variable of the z-scores of the three executive 

function tests. No significant effects were found. Statistics are reported in Table 5. 
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Table 5: Mann-Whitney U and p values of the executive function and autism quotient 

tests separated by passer vs. non-passer in condition D. 

 

This means that, as far as this experiment can tell, there are no effects of executive function on 

individual performance in the main task.  

 

4.4. Discussion  

4.4.1. Summary of main findings 

 

The main finding of the experiment is in the accuracy scores. Indeed, the accuracy score 

for the privileged ground implicature condition (condition D) was significantly lower than the 

score for the privileged ground ambiguous condition (condition C), and the accuracy scores for 

both of these conditions are lower than in the common ground unambiguous condition 

(condition A).  

 

First of all, these results support a view of perspective taking based on a probabilistic 

model that integrates both the egocentric and common ground referential domains (Heller et 

al., 2016), rather than a model of perspective taking which posits that the speaker always uses 

the common ground perspective (Heller et al. (2008), combined with the assumption that 

egocentric empirical results are based on the assumption that the speaker knows more than 

what they see (Kuhlen & Brennan, (2013)).  

Indeed, that second model predicted that participants would never look at the privileged 

card, which would predict equal accuracy scores for the three conditions detailed above. 

Moreover, this theory would potentially predict that the two conditions which require a choice 
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in common ground would have slower reaction times compared to those who have only one 

option in common ground, when in fact they were the two fastest conditions. 

 

Regarding implicature, these results support a constraint-based model of implicature 

rather than a Gricean one. Indeed, as discussed in Chapter 2, the Gricean theory can only lead 

to the expected stronger implicatures when an extra step, the epistemic step, is taken. That step 

requires the consideration of the speaker’s knowledge state, and the implicature can only be 

derived if the speaker is deemed knowledgeable about the truth values of the scalar alternatives 

of the statement. The only way to combine this with the Heller et al. (2016) constraint-based 

model is to make the assumption that informativeness plays no role in the perspective taking 

process. This would therefore mean that a card with apples and a card with apples and oranges 

would be considered equally likely in the perspective taking phase for the sentence “Pick the 

card with apples”, and that the implicature would only be derived once the perspective taking 

model has been computed. This would predict identical accuracy scores for the condition where 

a more informative option was in privileged ground and the condition in which the options in 

common and privileged ground are equally informative, which was not the case. This showed 

that participants did take informativeness into account during the perspective taking calculation 

process, as they clicked more on the hidden card if it was more informative, which is not 

allowed by the Gricean theory.  

This means that a constraint-based view of implicature and perspective taking seems to 

be the most likely option. In this view, the probability of selecting a card in a display like the 

one in this experiment would be based on the probability of the implicature, made up of the 

integration of all of the potential factors that come into play in implicature derivation, that is 

then inputted into the perspective taking probability model.  

 

4.4.2. Compatibility of the constraint-based approach with previous findings 

 

In Chapter 1, I discussed experiments that were seen as supporting the Gricean view. 

However, these are arguably not incompatible with the constraint-based view. Indeed, in the 

Bergen and Grodner (2012) and Breheny et al. (2013) experiments, the information about 

speaker knowledge is given before the implicature is considered: in the former in the form of 

a sentence being read, in the latter through a video that is longer than that of the speaker. Only 

after that information is the sentence containing the implicature considered. The predictions of 

the model I am defending here, however, apply to a simultaneous integration of perspective 
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taking and implicature. If the speaker knowledge information is processed before the target 

sentence, then the setting of the epistemic state factor will be set before the target sentence is 

reached, and the simultaneous integration cannot be observed. This is why the director task 

works so well. A potential way to have even more simultaneity would be to have the sentence 

be pre-recorded rather than read, or to have a real-life version in the lab.  

As for the Kampa and Papafragou (2019) developmental task, there is arguably a 

methodological factor making the task much easier: the children were presented with both the 

full and incomplete knowledge conditions every time and had to choose which situation match, 

instead of putting them in the perspective taking situation themselves. When Wilson et al. 

(2019, unpublished manuscript) put the children in a director task situation, they found that 

children did in fact derive privileged ground implicatures, to much higher rates than adults.  

The question of why children and autistic teenagers (Hochstein et al., 2019) seem to 

derive more privileged ground implicatures than neurotypical adults is an interesting one, but 

it is not the focus of this paper. Further research should be done to see if these populations use 

a simpler perspective taking model, or tend to choose an alpha value closer to 1 in the Heller 

et al. (2016) model, which would mean that they can do perspective taking with ambiguous 

items, but struggle with the integration of informativeness.  

 

4.4.3. Avenues for further research  

4.4.3.a. Calculation of the precise probabilistic model  

 

As discussed above, the present findings match the predictions of the adapted model 

that I have sketched out in Chapter 3. 

This model, however, was based on estimated of expected trends rather than on a formal 

calculation of a separate probabilistic model similar to the Heller et al. (2016) model. The 

logical next step would then be to formally calculate the model predictions with the method 

used by Heller et al. (2016).  

However, since in the constraint-based view implicature is a complex integration of 

factors and is also based on a probability calculation, it would be more difficult to estimate the 

probability of the referring expression as a general value, as was done for the probability of 

size adjectives being used in Heller et al. (2016).   

An interesting source of further research would be to manipulate the factors that have 

been shown to influence the probability of an implicature being derived, through either 

production tasks or acceptability tasks, and to input the various probabilities found with these 
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changed factors into the model. If empirical results varied in the same way as the model does 

with these various factors being manipulated, it would bring good support to the constraint-

based approach for both perspectives taking and implicature. 

 

 

 

4.4.3.b. Eye tracking and mouse tracking 

 

As discussed in the results section, the individual accuracy scores did not match 

perfectly with the model predictions. As discussed previously, this could be due to trial-by-

trial differences in the choice of the alpha values. It could however be due to the fact that 

accuracy does not measure the process, but only measures the outcome. The observed pattern 

could therefore be due to the fact that while some errors slip through, overall participants are 

more likely to correct their original mental selection of a privileged card when that card is the 

same as the option in common ground. A prediction that could be made is therefore that in an 

amount of cases participants select the privileged card mentally and then correct to the common 

ground and choose the target. This two-step process could be a potential explanation for the 

fact that the reaction times are longer in that condition.  

To test this, more precise measures could be used. First of all, the most obvious 

candidate is eye tracking, which is used in most of the perspective taking experiments that this 

paper discusses (Keysar et al., 2000; Keysar et al., 2003; Hanna et al., 2003; Heller et al., 2008; 

Heller et al., 2016). Based on the prediction above, we could expect more looks towards the 

privileged card in the condition where a more informative option was in privileged ground and 

the condition in which the options in common and privileged ground are equally informative 

than for the other conditions, and even more in the latter, as higher rates of late filter correction 

are expected.  

Another potential option would be mouse-tracking, which has been shown to detect 

effects in implicature derivation (e.g. Tomlinson & Bott, 2013). In this case, for participants 

who tend to use a higher (more egocentric) value of alpha, we would expect movements of the 

mouse towards the privileged card in the same conditions as the ones from eye-tracking 

detailed above.  

 

 

 



59 
 

4.4.3.c. Extension to classic scalar implicatures 

 

This experiment tested only ad hoc implicatures. They were a good candidate for the 

testing of this experiment, because they resemble the perspective taking experiments (Keysar 

et al., 2000; Keysar et al., 2003;, Hanna et al., 2003; Heller et al., 2008; Heller et al., 2016) 

quite closely: here, a type of objects was to be selected, which resembles the experiments 

mentioned above with informativeness replacing the size considerations. This was more 

straightforward than for example having displays such as “pick the card where some of the dots 

are blue”, because this would introduce additional constraints which have been shown to affect 

the rates of implicature.   

However, this is based on the assumption that ad hoc implicatures and scalar 

implicatures are derived using the same mechanisms, which I have argued for in Chapter 2. To 

confirm that these results are applicable to classic scalar implicatures, a similar experiment 

could be run using “some”.  

Moreover, due to the many factors that are particularly likely to affect probability of 

implicatures for “some”, it would be the ideal candidate to test how these factors would affect 

the general perspective taking model predictions as discussed in the previous section, as there 

is much literature available on the subject of the manipulation of these factors.   

 

4.4.3.d. Study of potential alternative theories of implicature  

 

As discussed in Chapter 3, the constraint-based view of implicature seems to be the 

best candidate to be combined which the constraint-based model of perspective taking, which 

is why it was chosen to be compared to the traditional Gricean model. In Chapter 2, however, 

I have mentioned the existence of other theories of implicature. Future work could be done to 

sketch out the predictions that could be associated with these theories, and research could 

especially be done to explore whether these theories could be compatible with a constraint-

based model of perspective taking. The Levinson (2000) and Grammatical theories are based 

on the existence of default mechanisms that are applied as soon as the sentence is processed, 

which could lead to the prediction of a high rate of looks towards the more informative card. 

Relevance Theory, however, is based very strongly on the context in which the utterance is 

spoken. It could therefore be expected to lead to predictions similar to that of the Gricean 

model.  Further research should be done to flesh out these predictions, and to test them more 

precisely. 
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CHAPTER 5: CONCLUSION 

 

In this thesis I have analysed the classic Gricean view of ad hoc implicatures and its 

claim that perspective taking is a necessary condition for any implicature to occur, and I have 

provided empirical evidence to support the theory that a constraint-based approach would be 

more appropriate.  

First, I have defined ad hoc implicatures, and argued that the mechanisms driving their 

derivation are identical to those driving scalar implicatures. Then, I have discussed the 

theoretical reasons why an extra step to consider the speaker’s epistemic step is a necessary 

part of the Gricean view of scalar implicature and adapted the formal notations in that literature 

to account for ad hoc implicatures. I have also considered the previous empirical literature on 

the subject.  

I have then analysed the literature around perspective taking and sketched out the 

predictions that the Gricean theory makes when combined with the various models of 

perspective taking. I have also introduced the constraint-based view of implicature and 

discussed the predictions that it would make when combined with a probabilistic constraint-

based model of perspective taking.  

I have then presented an online experiment that directly tests these predictions and 

argued that the accuracy results support a constraint-based view of both, contrary to the 

traditional Gricean theory. Finally, I discuss what further research should be done to build upon 

the results presented in the present study.  
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APPENDIX A: Full set of items from the main task.  
 
 
 

Instruction: “Pick the card with pears” 
 
    A        B 
 

 
 
   C          D 
 

 
 
     E 
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Instruction: “Pick the card with oranges.” 
 

  
   A         B 
 

 
 
    C          D 
 

 
 
    E 
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Instruction: “Pick the card with apples.”  
 

 
    A      B 
 

 
 
   C      D 
 

 
 
   E 
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Instruction: “Pick the card with bananas.”  
 
 

    A           B 
 

 
 
    C          D 
 

 
 
   E 
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Instruction: “Pick the card with cats.” 
 

   A        B 
 

 
 
   C         D 
 

 
 
   E 
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Instruction: “Pick the card with hens.”  
 
 
   A        B 
 

 
 
   C         D 
 

 
 
   E 
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Instruction: “Pick the card with pigs.”  
 

   
    A         B 
 

 
 
   C         D 
 

 
 
    E 
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Instruction: “Pick the card with ducks.” 
 
 
   A          B 
 

 
 
    C         D 
 

 
 
    E 
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APPENDIX B: Full set of distractor items 
 
 

Instruction: “Pick the card that I can’t see.” 
 
       Distractor 1            Distractor 2  

 
 
       Distractor 3             Distractor 4 

 
 
       Distractor 5            Distractor 6 

 
 
        Distractor 7             Distractor 8 
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APPENDIX C: Full set of instructions 
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APPENDIX D: List of questions for AQ test 
 
1. I often notice small sounds when others do not.  
 
2. I usually concentrate more on the whole picture, rather than the small details 
 
3. I find it easy to do more than one thing at once 
 
4. If there is an interruption, I can switch back to what I was doing very quickly 
 
5. I find it easy to ‘read between the lines’ when someone is talking to me 
 
6. I know how to tell if someone listening to me is getting bored 
 
7. When I’m reading a story, I find it difficult to work out the characters’ intentions 
 
8. I like to collect information about categories of things (e.g. types of car, types of bird, 
types of train, types of plant etc) 
 
9. I find it easy to work out what someone is thinking or feeling just by looking at their face 
 
10. I find it difficult to work out people’s intentions 
 
SCORING: Only 1 point can be scored for each question. Score 1 point for Definitely or 
Slightly Agree on each of items 1, 7, 8, and 10. Score 1 point for Definitely or Slightly 
Disagree on each of items 2, 3, 4, 5, 6, and 9. 


