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ABSTRACT 

Whereas some researchers claim that the holistic processing of the right 

hemisphere is essential for contextual integration in language pragmatics (Myers, 2001, 

Myers, 2005), results of other studies point to involvement of executive processes of the 

frontal lobes (McDonald & Pearce, 1998; Bernicot & Dardier, 2001). This study 

examined the role of frontal lobes in language pragmatics by testing performance of 

young adults and older adults on selected standardized pragmatic inferences called 

‘implicitures’. Implicitures were first presented free-standing and then embedded in 

contexts that either supported (enabling contexts) or cancelled (cancelling contexts) their 

preferred meaning. First, implicitures were examined using behavioral reaction time 

measures in young adults. The second part of the project addressed the question about 

involvement of frontal lobes in language pragmatics by testing older adults with varying 

degrees of frontal function on processing of implicitures. Finally, event-related potential 

responses to implicitures with and without context in young adults were explored. Results 

revealed a strong relationship between frontal lobes and performance on implicitures in 

canceling contexts in older adults. There was no significant effect for free-standing 

implicitures and implicitures presented in enabling contexts. In addition, an N400 was 

observed to free-standing implicitures, but implicitures in context elicited a negative 

component in the later 400 ms window at the anterior sites. These results indicate that 

frontal lobes are important for pragmatic processing requiring integration of linguistic 

context with an utterance for the correct interpretation. Consequences of our findings for 
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models of impliciture processing and accounts of neural architecture underlying language 

pragmatics are considered. 
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CHAPTER 1  MECHANISM OF PRAGMATIC PROCESSING 

In everyday communication, processes of language comprehension and 

production closely interact with non-linguistic processes related to our goals, planning 

and representations of context. These interface processes are often disrupted in patients 

with right-hemisphere damage resulting in inability to sustain conversational topic, 

interpret indirect requests, understand metaphors etc. Because of these 

neuropsychological observations, it has been traditionally claimed that the right 

hemisphere is essential for language pragmatics – processes of context appropriate 

language usage. Over the last decade an alternative view emerged - the frontal processes 

of the right hemisphere, rather than operations of the right hemisphere in general, might 

be crucial for language pragmatics. But, recent research showed that patients with 

damage to the left as well as those with damage to the right frontal areas display 

problems in processing of non-conventional sarcasm (Giora et al., 2000) or 

conversational implicitures (Kasher et al., 1999). This points to importance of frontal 

processes of both hemispheres in language pragmatics. However, evidence directly 

supporting this hypothesis is scarce, and there is no adequate theory linking frontal 

function and processes underlying language pragmatics.  

The debate about right-hemisphere or frontal lobe involvement in language 

pragmatics bears on broader issues about organization of pragmatic processing. The most 

prominent question pertains to whether there are mechanisms selectively specializing in 

processing of pragmatic inferences. Since executive processes of frontal lobes are 

associated with domain general functions of decision making, planning, inhibition, and 
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direction of action, frontal involvement in language pragmatics would suggest a non-

modular view of pragmatic mechanisms. But, there may not be a general answer to the 

question about cognitive and neural organization of language pragmatics – mechanisms 

involved, whether modular or non-modular, may vary across the wide array of different 

pragmatic phenomena. 

This thesis examines the role of executive function in language pragmatics by 

focusing on a class of pragmatic phenomena that permits a well controlled distinction 

between contextual and sentence level processes. These are standardized non-literal 

sentences, called ‘implicitures’ (following Bach’s (1994) terminology) that contain 

unspoken default information. Implicitures have not been examined extensively so far 

and study of such utterances can provide foundational processing data for the class  as 

well as consequences for  theories of the broader range of  pragmatic phenomena, such as 

metaphors and indirect requests and sarcasm. 

This project has two main goals: to investigate the role of executive function of 

the frontal lobes in processing of implicitures using neuropsychological and 

electrophysiological data; and to examine the consequences of these findings, in addition 

to behavioral data, for current theories of impliciture processing. Specifically, 

implicitures will be examined using converging evidence from reaction time tasks in 

young adults, neuropsychological data from an aging population and EEG recordings in 

normal population. 
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A. Traditional models of pragmatic processing 

 In everyday communication speaker’s meanings often diverge from what the words 

and sentences they produce literally1 mean, as exemplified in (1) and (2): 

(1) It’s cold in here. (Ortony, Schallert, Reynolds and Antos, 1978) 

(2) Some jobs are jails. (Glucksberg, Gildea, & Bookin, 1983) 

In the first example an assertion is used to express a request. The example (2) is a case of 

nonliterality in the form of a metaphoric expression. Despite their differences, the same 

basic model of pragmatic processing called the ‘standard model’ was applied to both 

indirection and nonliterality.  

 In their 1975 study, which initiated experimental investigation of psychological 

processes involved in indirection and nonliterality, Clark and Lucy proposed a theory of 

comprehension of intended or conveyed (indirect) meaning. According to this theory literal 

meaning, its context and an appropriate conversational postulate are combined during three 

stages of processing to deduce the conveyed meaning (ibid.). In the first stage of the model 

the literal interpretation of a sentence is derived. In the second stage, the interpretation is 

checked against the context for plausibility. In case the interpretation matches the context, 

there is no need to proceed any further in processing and the result of stage two is taken to 

be the intended meaning. However, if the literal interpretation does not match the context, a 

 
1 The term ‘literal meaning’ can be used in different ways. In what follows, the literal meaning of a 
sentence is just its compositionally determined linguistic meaning. When a speaker speaks literally, he 
means at least what the sentence means. Even though differences in usage of the term can lead to 
difficulties in comparing and testing conceptions of pragmatic processing, they will not be emphasized in 
what follows unless necessary for the arguments.  
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suitable conversational postulate will be applied to the literal meaning in the third stage of 

the model and as a result the conveyed meaning will be derived.  

 Clark and Lucy (1975) tested their model in a sentence verification task requiring 

subjects to compare requests to color a circle with a depicted colored circle as a response to 

that request. They expected delays in processing of conveyed meanings due to complexity 

of sentences at a literal level indicating that literal meaning was processed in deriving 

indirect requests (their prediction 1). For example processing of the word ‘unless’ having an 

inherent negative meaning ‘if not’ is considered to be more difficult and thus longer than 

processing ‘if’. They also predicted that “the listener should take longer, all things being 

equal, when he is required to construct a conveyed meaning than when he is able to stay 

with the literal meaning” (their prediction 2) (p. 66)2. Their first prediction was confirmed - 

indirect requests with ‘unless’ indeed took much longer to verify than those with ‘if’ - and 

this was taken as a support for the three-stage model. In addition, the result that interrogative 

requests took longer to verify than corresponding declarative forms was considered as 

supporting of Clark and Lucy’s prediction 2. Even though Clark and Lucy (1975) took the 

results of their findings as evidence favoring the three stage model, their experiment did not 

allow for a direct evaluation of the prediction 2. This is because all the sentences were 

interpreted in their conveyed meaning and there was no literal control comparison.  

 One of the first studies challenging the standard model was conducted by Ortony, 

Schallert, Reynolds and Antos (1978) who in their first experiment investigated processing 

 
2 Their prediction 3 was that listeners would construct and use the conveyed meaning in their judgments. 
Since it is not clear how this result would be relevant to evaluation of the three-stage model it will be left 
out from further consideration. 
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of sentences with literal or metaphorical interpretations in short and long contexts. They 

predicted that short contexts consisting only of one sentence or a phrase would not be 

sufficient to induce proper environment for understanding the target sentences, and 

therefore, metaphorical interpretations should take longer to comprehend than literal 

interpretations. This difference should disappear in long contexts providing sufficient 

expectations about interpretations of metaphorical and literal sentences. The reading times 

of the target sentences confirmed authors’ predictions. Ortony et al. concluded that 

differences between processing of literal and nonliteral language can be accounted for in 

terms of their relatedness to context rather than critical differences between literal and 

nonliteral language processing. They also predicted that Clark and Lucy’s results would not 

be replicated if the sentences were embedded in appropriate contexts. This suggestion was 

subsequently tested by Gibbs (1979). The results of his experiments showed that processing 

of indirect compared to direct3 sentences takes longer without contextual support, however, 

when provided with sufficient context the effect was reversed. Contrary to the three-stage 

model, the findings were interpreted as indicating that literal interpretation is not necessarily 

derived in understanding of indirection in context.4

 Yet another evidence against the three-stage model came from a study by 

Glucksberg, Gildea and Bookin (1982) exploring automaticity of metaphor processing. This 

research focused on predictions of the three-stage model from a different angle than Ortony 

 
3 Terms literal and direct seem to be used by Gibb’s (1979) interchangeably. Similarly he as well as Clark 
and Lucy (1975) used conveyed and indirect meaning interchangeably.  
4 Gibbs (1979) also stated that Clark and Lucy’s (1975) findings comparing pairs such as ‘unless’ and ‘if’ may 
reflect difficulties in processing stylistically different requests rather than inferences of literal meaning in 
indirection.  
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et al. (1978) and Gibbs (1979). Whereas these researchers examined metaphors that did not 

have an established standardized forms, Glucksber, Gildea, and Booking (1982) used 

standardized metaphors. In a sentence verification procedure in their study subjects were 

asked to judge whether the literal meaning of a sentence was true or false. The critical 

comparisons were made between judgments of metaphors that were literally false (‘Some 

jobs are jails’) and literally false scrambled metaphors created by combining subjects and 

predicates of different metaphors (‘Some jobs are birds’). The authors found that metaphors 

were verified significantly slower than scrambled metaphors indicating that subjects could 

not easily suppress the nonliteral meanings of metaphors and this in turn caused interference 

in decisions about literal meaning. Additional two experiments showed that the differences 

obtained could not be attributed to variables such as quantifier type or familiarity. 

Glucksberg, Gildea and Bookin (1982) concluded that nonliteral comprehension is 

automatic and people are not able to ignore metaphors. Just like Ortony et al. (1978) they 

claimed that the same comprehension mechanisms working in parallel may be involved in 

understanding both literal and nonliteral language in contrast to Clark and Lucy’s (1975) 

serial three-stage model. 

 After the series of attacks on the three-stage model Janus and Bever (1985) 

conducted a study defending the standard model. They started by pointing out two basic 

shortcomings of previous studies. First, since neither Clark and Lucy (1975) nor 

Glucksberg, Gildea and Bookin (1982) provided contexts in their experiments, their results 

can not be considered decisive in evaluating the three-stage model, which relies on checking 

the context for plausibility in the second stage. Second, Ortony et al.’s (1978) measurement 
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of reading times at the end of the target sentences may have masked metaphor specific 

delays by effects of contextual integration not specific to metaphors. To overcome these two 

weaknesses, Janus and Bever (1985) used combinations of sentences and contexts from 

Ortony et al.’s (1978) study and measured reading times at constituent boundaries of the 

target sentences. The results indicated significantly longer reading times at target phrases of 

metaphors compared to literal sentences but no differences in reading times for entire 

metaphorical or literal sentences. These findings confirmed the predictions and were 

interpreted in support of Clark and Lucy’s (1975) original proposal. However, Janus and 

Bever (1985) emphasized that this interpretation is not inconsistent with the suggestions by 

Ortony et al. (1978) and Glucksberg et al. (1982) that the same machinery might be used for 

processing both metaphors and literals. Thus the difference seen in their study may reflect 

higher processing demands for computing the meaning of novel metaphors rather than 

difference in mechanisms used for processing metaphors versus literals.  

 The idea of differences in cognitive demands reflected in processing of metaphors 

and literal meaning put forward by Glucksberg et al. (1982) and Janus and Bever (1985) was 

put to test in consequent ERP studies. ERP methodology is very suitable for investigating 

task demands factors since the N400 component has been previously found sensitive to 

difficulties in semantic integration (Kutas & Van Petten, 1994). Investigation of N400 

related to metaphor processing by Pynte, Besson, Robichon and Poli (1996) revealed that 

final words of metaphoric sentences elicited larger N400 than the same words at the end of 

literal sentences. This finding has been further explored by Coulson and Van Petten (2002) 

in a study recording N400 responses to final words in literal sentences, sentences with literal 
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mappings and metaphors. In their predictions the authors followed the ‘continuity claim’ 

suggested in previous studies, i.e. metaphor and literal meaning processing differs in terms 

of demands rather than mechanisms. To support this hypothesis they expected differences in 

their three conditions in terms of the N400 amplitude rather than scalp distribution (which 

would reflect separate processes). As predicted, final words of metaphors elicited largest 

N400 but did not differ from literals and literal mappings in terms of scalp distribution. 

Moreover, a gradient of N400 amplitude was observed from literal through literal mappings 

to metaphors supporting the ‘continuity claim’.  

 The studies reviewed so far have focused on proving or disproving the standard 

model but did not propose any specific alternative model except of concluding that the 

mechanisms for processing literality, nonliterality and indirection might be the same. A 

study conducted by Shapiro and Murphy (1993) can be considered an improvement in this 

regard, since they suggested two alternative models to the three-stage model: the parallel 

model and ‘the weaker Centrality Hypothesis’. Whereas according to the parallel model 

both direct and conveyed meanings are processed at the same time ‘the weaker Centrality 

Hypothesis’ suggests that direct meaning is derived obligatorily but “indirect meanings are 

primarily context driven” (p. 215). To test the three models Shapiro and Murphy (1993) 

constructed sets of questions based on whether the questions had plausible or implausible 

direct meaning (+D/-D) and plausible or implausible indirect meaning (+I/- I). As a result 

four groups of items were created of the +D/+I, +D/-I, -D/+I and -D/-I type. Subjects were 

trained on the distinctions between direct and indirect meaning and subsequently asked 

whether the questions presented without context had plausible direct meaning. Because the 
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serial model claims that literal meaning is always deducted, Shapiro and Murphy (ibid.) 

predicted that the “presence or absence of indirect meaning should have little impact” (p. 

215). Based on the parallel model, possible indirect interpretation will interfere with 

judgments about direct meaning and thus a slow down can be expected in such conditions. 

Finally, ‘the weaker Centrality Hypothesis’ predicts that subjects will be able to ignore 

indirect meanings in absence of an appropriate context. The results indicated significant 

difference between the +D/+I and +D/-I condition. In line with Glucksberg et al. (1982) 

results, this was interpreted as interference from the indirect meaning in literal judgments 

and taken as evidence against the serial three-stage model. In the second experiment Shapiro 

and Murphy specified two possible alternatives of a parallel model in more detail: a Multiple 

Meaning model (MM) accessing all meanings at once and a Single Meaning model (SM) in 

which only one context appropriate meaning is derived. They compared the parallel models 

to a serial model on a test requiring paraphrase judgments of context final sentences. The 

target sentences were constructed following the same combinations of direct and indirect 

meanings as in previous experiment. Shapiro and Murphy (1993) did not obtain any 

significant effects in this experiment which was interpreted as most consistent with the SM 

model. However, one should be cautious in drawing such a conclusion. A null result is 

always difficult to interpret since there is an option that the procedures were not sensitive 

enough to pick up possible differences. Indeed, the reported F values for differences 

between direct and indirect conditions seem to be approaching significance at least in the 

subject analyses. Refined measures tracing responses during rather than after processing of 

the target sentences will be necessary to differentiate between the suggested models. 
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  There seem to be two recurrent issues in the literature that will need to be addressed 

in order to make progress in deciphering mechanisms involved in processing of nonliterality 

and indirection. The first problem relates to conventionality (Gibbs, 1981; Gibbs, 1986) or 

standardization5 (Bach & Harnish, 1979) of some indirect or nonliteral expressions. This 

issue has been acknowledged by most of the studies reviewed. For example, Glucksberg, 

Gildea and Bookin (1982) remarked that “conventionality of content and conventionality of 

expression may well be the most important determiners of the ease and accuracy of 

language comprehension”. Also Janus and Bever (1985) mentioned that in some cases 

metaphors (referring to “frozen metaphors”) can be comprehended directly without the need 

to determine the literal meaning first. Conventionality thus seems to be an essential factor 

that may determine whether a conveyed meaning is processed through inferring the literal 

meaning first (possibly in case of novel indirection or nonliterality) or one can proceed to 

the conveyed meaning by circumventing this step. In the literature, there have been some 

attempts to tackle the problem of conventionality experimentally.6 Gibbs (1981) showed 

that specific sentential formulations of indirect requests are conventional in some contexts 

but not in others and in general conventional requests are processed faster than 

nonconventional requests. In a follow up study he suggested that conventionality arises from 

anticipation of potential obstacles that may prevent the fulfillment of the requests (Gibbs, 

1986). The major issue that needs to be resolved first is terminological. For example, it 

 
5 Standardization as Bach and Harnish (1979) refer to it is connected to specific sentence forms such as 
“Could you …?”. Such forms do not need to be fully inferred every time they are encountered.  
6 Gibbs (1981) showed that specific sentential formulations of indirect requests are conventional in some 
contexts but not in others and in general conventional requests are processed faster than nonconventional 
requests. In a follow up study he suggested that conventionality arises from anticipation of potential obstacles 
that may prevent the fulfillment of the requests (Gibbs, 1986). 
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seems that what Gibbs (1981, 1986) calls conventional are forms depending on frequency 

of usage rather than some convention. Without making clear distinctions between 

conventionality and standardization and without suitable operationalizations of these 

terms it will be difficult to make progress on this issue.  

 The second problem relates to what Coulson and Van Petten (2002) called the 

‘continuity claim’ and others (Ortony et al., 1978; Glucksberg et al., 1982; Janus and 

Bever, 1985) referred to in terms of processing demands. This is the hypothesis that 

nonliterality and indirection differ from literals in terms of processing demands rather 

than employment of different mechanisms. This hypothesis is difficult to reconcile with 

the data from patients suffering from right hemisphere damage who have selective 

problems in processing of indirection but not literality. Since these problems persist 

under conditions when indirect and literal items are matched for complexity, it is unlikely 

that this difference would be due to processing demands and implies selective deficit to 

mechanisms underlying processing of indirection.  

 In summary, since Clark and Lucy’s (1975) original proposal the field has moved 

to more specific questions about processing of nonliterality and indirection such as the 

role of processing demands (most notably Coulson and Van Petten, 2002), 

conventionality in pragmatic processing (Gibbs, 1981; Gibbs, 1986) and necessity of 

online measures (Janus and Bever, 1985). This thesis attempts to address each of these 

three issues, at least partially. First, the need for online measures in testing of pragmatic 

processing is reflected in behavioral measures as well as electrophysiological measures 

chosen in this project. The problem of conventionality or standardization in pragmatic 
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processing is tackled in Experiment 1 by examining preferred interpretations of selected 

standardized pragmatic inferences and Experiment 2 where we investigate behavior of 

implicitures in contexts favoring or canceling their standardized meanings. Finally, our 

electrophysiological examination of implicitures (Experiments 5 and 6) has consequences 

for the issue about differences in task demands in pragmatic processing.  

 

B. The case of implicitures 

All experiments in this study examined processing of implicitures - standardized 

utterances that go beyond ‘what is said’ in Gricean terms, as in example (1). 

(1) It’s a beautiful afternoon. 

Literally taken, the sentence expresses only the proposition ‘it is a beautiful afternoon’ 

without specifying, what location the speaker had in mind. But, sentence (1) also contains 

unspoken default information. When presented without context, the locative impliciture 

‘It’s a beautiful afternoon.’ is understood as referring to weather in the location where the 

speaker currently is – it has the preferred interpretation of ‘here’ rather than ‘somewhere 

else’. Explicitly expressed, the default meaning of the sentence in example (1) means 

‘It’s a beautiful afternoon here’. In this sense, the sentence (1) has ‘enriched’ meaning 

and is sometimes called explicature (Sperber and Wilson, 1986), referring to what would 

have been explicit if appropriate words were added to the sentence. ‘Generalized 
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conversational implicature’7 (Grice, 1975) is another term used in literature for these 

utterances.  

It is not clear what processes establish the enriched meanings. Bach (1994), for 

example, claims that the preferred meaning of an impliciture is determined by 

standardized usage of the expression with implied information across speakers of a 

particular language. Similarly, Levinson (1995) proposed default heuristics employing 

stereotypical background information in decoding meaning of these sentences. This issue 

is at the heart of the debate about implicitures and will need to be addressed in future 

research.  Granting the open issues, two things central to the current research are to be 

emphasized. First, it is clear that the enriched meaning is supplied based on the 

information provided in the impliciture sentence itself and does not require contextual 

support for its instantiation.  And, second, that enrichment can be defeated without 

anomaly by suitable context.  These ideas are examined in more detail below. 

Initial experimental explorations of implicitures (Gibbs & Moise, 1997) investigated 

how people’s intuitions about ‘what is said’ match with what theorists such as Grice (1975) 

or Sperber and Wilson (1986) consider falling under this label. According to Grice (1975) 

‘what is said’ consists of sentence meaning without implicature, disambiguation and 

reference fixing. Gricean interpretation of ‘what is said’ is in experimental literature often 

referred to as ‘minimal meaning’. Others (Sperber and Wilson, 1986) claim that 

pragmatics plays role in determining ‘what is said’ and thus ‘what is said’ is sometimes 
 

7 According to Grice (1975) there are two basic kinds of conversational implicatures: generalized 
conversational implicatures (GCI) that are conveyed by usage of specific word forms and particularized 
conversational implicatures (PCI) that are strongly context dependent.  
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referred to as ‘‘what is said’ in the enriched sense’. The term enriched meaning comes 

from Sperber and Wilson’s (1986) notion of processes of enrichment or loosening being 

applied to the sentence. According to Sperber and Wilson (1986) and contrary to Grice 

(1975), ‘what is said’ can contain results of the processes of enrichment. The results of 

Gibbs and Moise’s (1997) study indicated that, when asked to determine ‘what is said’, 

subjects prefer enriched meanings (‘what is said’ in Sperber and Wilson’s terms) to 

minimal meanings (‘what is said’ in Grice’s terms).  

In turn, Nicolle and Clark (1999) investigated how context can influence people’s 

intuitions of ‘what is said’. They predicted that, rather than minimal propositions being 

obligatory as claimed by Grice (1975), subject’s intuitions of ‘what is said’ will vary with 

respect to the principle of relevance as formulated by Sperber and Wilson (1986). More 

specifically, Nicolle and Clark (1999) predicted that when subjects are asked to pick a 

paraphrase of an utterance, they will make their choice based on “what paraphrase comes 

closest to producing the same set of cognitive effects as the original utterance” (p. 345). 

Their results corroborated the predictions and were taken as support for Sperber and 

Wilson’s (1986) account.  

Consequently, Gibbs (1999) criticized Nicolle and Clark (1999) for providing a 

non-falsifiable interpretation of Relevance theory in terms of context effects. Gibbs 

(ibid.) claimed that it is not clear, what is meant by context effects, and what an 

independent assessment of  ‘cognitive effects’ of an utterance would be.  

Aside from differentiating Gricean and Relevance approaches in terms of 

availability of minimal propositions, Gibbs and Moise (1997) and Nicolle and Clark 
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(1999) did not discuss specific pragmatic processing models. A more refined proposal to 

distinguish between possible mechanisms involved in processing of implicitures came 

from Bezuidenhout and Cutting (2002). They tested three models of pragmatic 

processing: the Literal-First Serial (LFS) Model based on Grice’s views, Local Pragmatic 

Processing (LPP) Model following the Relevance tradition and Ranked Parallel (RP) 

Model based on Levinson’s and Gibbs’ work. The basic feature of the LFS model is that 

minimal proposition will always be derived before further pragmatic processing. In 

contrast, the LPP model predicts that lexical items in a sentence will be subject to 

enrichment and loosening as they are encountered, resulting in ad hoc concepts that 

constitute ‘what is said’ in the enriched sense. Most importantly, minimal propositions 

will not be derived unless favored by the context. Finally, the RP model suggests that 

both literal and nonliteral interpretations are processed in parallel, but the interpretation 

with higher threshold of activation is ranked more accessible. Bezuidenhout and Cutting 

(2002) recorded final sentence reading times for items in minimal and enriched contexts.8 

The results showed that final sentences in minimal contexts took longer to read than final 

sentences in enriched contexts. They considered this finding to be most consistent with 

the RP model because of its prediction that the enriched interpretation will be more 

accessible. Bezuidenhout and Cutting acknowledge that this prediction relies on the 

assumption that they did not control for - that enriched meanings are always dominant. 

Another problem not discussed in the study relates to what accessibility of meaning 

 
8 They also used match/mismatch task in which subjects had to compare the final sentence of the story to 
another sentence. A null result was obtained , and since Bezuidenthout and Cutting did not have any 
baseline task, this finding is difficult to interpret. 
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amounts to: it might be related to frequency of usage or some other parameters of the 

sentence. 9

So far, experimental investigation of implicitures has focused on accessibility of 

minimal propositions in pragmatic processing. The short review of impliciture research 

points to the same important issues as in case of examination of traditional models of 

pragmatic processing in section A of this chapter: (1) the problem of dominant 

interpretations of implicitures, and (2) the need of on-line measures to detect mechanisms 

underlying processing of implicitures. The first issue has been raised by Bezuidenhout 

and Cutting (2002) as essential for evaluating differences between pragmatic processing 

models. With respect to the second suggestion, reliance on on-line measures, rather than 

ratings or post-hoc evaluations, has more potential to provide insights into how people 

process implicitures. This project attempts to contribute to exploration of impliciture 

processing by, at least partially, addressing these two important issues.   

 

C. Modularity of Language Pragmatics 

The investigations of mechanisms underlying pragmatic processing lead to 

broader questions about cognitive and neural organization of language pragmatics. This 

can be conceptualized in terms of the traditional debate about domain-specialized, input 

restricted mechanisms called modules or domain-general mechanisms open to processing 

 
9 Recent related work concerns scalar generalized conversational implacatures (GCI).  See, e.g., 
Bezuiidehout and Morris, 2004; see Katsos, 2007 for review and further references. These GCI are in the 
same broad class of pragmatic phenomena examined here but their  treatment implicates other issues than 
those addressed in this Project. 
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and access to broad range of input. Considerations of the possibility of modular 

architecture in pragmatic processing usually dismiss this option because of high reliance 

of pragmatic inferences on the context of pragmatic utterance, including general world 

knowledge. This characteristic indicates that access to a broad range of information not 

restricted to specific cognitive domains is often necessary for correct pragmatic 

interpretation. The issue about modular or non-modular architecture of cognitive 

mechanisms employed in language pragmatics is related to questions about involvement 

of frontal lobes in language pragmatics, since frontal lobes are mostly associated with 

domain-general processing.  

Comments on modularity of pragmatics are scarce in Fodor’s (1983) influential 

work on modularity of cognition. Most notably, Fodor (1983) points out that the 

language-input system ‘does not specify speech-act potential (except, perhaps, insofar as 

speech act potential may be correlated with properties of form, as in the English 

interrogative word order) (Fodor 1983, p. 90)’. Harnish (1995) considered the possibility 

of speech act potential being one of the subsystems within the language module in detail 

and tested four possible candidates of language module subsystems with regard to six 

features of the output of a module. The result of his analysis showed that speech act 

potential seems to comport with the highest number of these features in the competition 

of token to type, grammatical form and logical form. Therefore, speech act potential is, 

according to Harnish (ibid.), very likely to be part of the language module. 

 So far the most complex consideration addressing the issues about modularity of 

pragmatics was suggested by Kasher (1991). The basic thesis of his model states that there is 
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no pragmatic module that embodies all parts of our pragmatic knowledge (p. 387). This 

claim is based on Fodor’s assumption that systems responsible for belief fixation are not 

modular and is justified by the fact that a lot of our pragmatic knowledge includes 

operations involving speaker’s or hearer’s beliefs. Kasher claims that the derivation of 

conversational implicatures is an example of a non-modular pragmatic process, which 

involves application of some general central principles of rationality and intentional action 

(p. 387). The same logic holds for understanding and producing ‘indirect speech acts’ which 

are based on one’s general system of beliefs (p. 388). Therefore, it seems like only some 

pragmatic knowledge (e.g. speech acts correlated with major moods) is likely to be 

processed in a separate pragmatic module.  

 The previous argument is summarized in Kasher’s Modularity of Pragmatic 

Knowledge Hypothesis which states that pragmatic knowledge consist of modular, 

pragmatic, purely linguistic knowledge and central, pragmatic knowledge which is not 

purely linguistic (p. 389). Kasher (1991) considered five different types of pragmatic 

knowledge and made suggestions about what kind of pragmatics is likely to be processed in 

a separate module. He claims that Core Pragmatics (knowledge of basic speech act types 

(Kasher 1991, p. 390)) and Talk-in-Pragmatics (pragmatic knowledge governing basic 

aspects of conversation, e.g. turn-taking (ibid.)) are both likely to be embodied in separate 

modules. On the other hand, Amplified Core-Pragmatics (knowledge of all the systems of 

rules governing ‘things done with words’ which are not of basic speech act types, e.g. 

congratulations (ibid.)), Central Pragmatics (pragmatic knowledge involving application of 

rational intentional strategies, e.g. conversational implicatures (Kasher 1991, p. 391)) and 
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Interface Pragmatics (pragmatic knowledge which involves integration of data from a 

linguistic channel with data from other channels, e.g. indexicals (ibid.)) are processed in the 

central system. 

 One conclusion that can be drawn from previous accounts of cognitive 

architecture in language pragmatics is that the issue about modular or non-modular 

organization is likely to depend on the pragmatic phenomena examined. Our project 

looks at implicitures that would belong to the category of conversational implicitures 

considered in Kasher’s (1991) account as a part of the non-modular central system. We 

will return to the issue of modular architecture underlying processing of implicitures in 

discussions about results of Experiments 3 and 4 looking at contributions of frontal lobes 

to language pragmatics.  

 

D. Deficits in language pragmatics after brain damage  

An important question in the field of language pragmatics, connected to the issues 

about cognitive and neural architecture of these processes, pertains to the role of right 

hemisphere and frontal executive processes in pragmatic processing. This debate stems 

from disparity in accounts of pragmatic deficits observed in patients with right 

hemisphere damage (RHD). Whereas some researchers claim that the holistic processing 

of right hemisphere is crucial for contextual integration in language pragmatics (Myers, 

2001, Myers, 2005), results of other studies suggest that executive processes of the 

frontal lobes might be the key to understanding these deficits (McDonald & Pearce, 1998, 

McDonald, 1999).  
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Right hemisphere damage (hereafter RHD) usually results in a combination of 

deficits in attention (hemineglect), executive function (problems in planning, reasoning 

and control) and visual perception. These problems are often intertwined with a wide 

range of deficits in language pragmatics including problems in understanding of sarcasm 

(Giora, Zaidel, Soroker, Batori & Kasher, 2000), metaphors (Rinaldi, Marangolo & 

Badassarri, 2002), and both comprehension (Foldi, 1987) and production of indirect 

requests (Stemmer & Giroux, 1994). From the clinical point of view, patients with RHD 

have been described as having problems in drawing inferences from discourse, making 

inference revisions, maintaining the discourse and both producing and understanding 

non-literal language (Alexander, Benson & Stuss, 1989; Myers, 2001).  

According to the right hemisphere hypothesis, problems in pragmatics in RHD 

patients stem from a general deficit in integration of information at perceptual as well as 

language levels (Myers, 2005). For instance, RHD patients show biased focus on literal 

forms (Foldi, 1987, Stemmer & Giroux, 1994, Rinaldi et al., 2002), which can be 

conceptualized as over-reliance on local processing and lack of non-literal global 

processing important for context integration. Evidence in support of this theory indicates 

that patients with heavier attentional neglect show more prominent deficits in formulation 

of accurate inferences from pictures than patients with mild forms of neglect despite the 

fact that both groups are equally able to identify objects depicted in the pictures (Myers 

& Brookshire, 1996). In addition, McDonald (2000) found that pragmatic deficits in 

RHD patients are positively correlated with their performance on visuospatial tasks. 
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In contrast, some researchers raised the possibility that deficits observed in RHD 

patients are due to damage to frontal areas of the right hemisphere rather than right 

hemisphere processes in general (Martin & McDonald, 2003). This hypothesis seems 

plausible if we consider that in most of the previous studies examining pragmatic deficits 

in patients with RHD, subjects suffered strokes to the right middle cerebral artery, which 

usually results in broad damage to the right hemisphere including frontal areas. Frontal 

lobes play essential role in control of behavior, goal-directed action, planning and 

monitoring, and deficits to these functions have impact on many cognitive abilities 

including language (Alexander, Benson & Stuss, 1989).  

Support for the connection between frontal lobes and language pragmatics comes 

from studies that examined pragmatic processing in patients with frontal lobe damage. 

McDonald (1993) compared short game explanations produced by two patients with right 

frontal damage with performance of normal controls. The results showed that the patients 

but not controls produced explanations that were confusing and disorganized, repetitive, 

lacking cohesion and detail. Other studies showed that patients with mostly bilateral 

frontal damage had difficulties in production of nonconventional requests (McDonald & 

Pearce, 1998), interpretation of sarcasm (McDonald & Pearce, 1996) and different 

aspects of conversational exchange (Bernicot & Dardier, 2001).  

Even though studies examining pragmatic difficulties of patients with frontal lobe 

damage tested both subjects with frontal damage to the right hemisphere and patients 

with bilateral lesions, the focus of the executive function hypothesis as well as the right 

hemisphere hypothesis is primairily on the RHD. But, the basic assumption about a direct 
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link between right hemisphere and pragmatic processes has been challenged by recent 

studies. When testing a group of patients with RHD, a group with LHD and normal 

controls on a ‘Right Hemisphere Communication Battery’, it has been found that both 

groups of patients scored significantly worse than control subjects (Zaidel, Kasher, 

Soroker & Batori, 2002). Similarly, it has been shown that LHD patients have difficulties 

in understanding conventional metaphors (Giora et al., 2000) and both LHD and RHD 

patients exhibit deficits in understanding conversational implicatures (Kasher, Batori, 

Soroker, Graves, & Zaidel, 1999). Furthermore, a recent study analyzing correlations 

between lesion localization and pragmatic performance indicated that left hemisphere is 

heavily involved in processing of basic speech acts such as assertions or questions 

(Soroker, Kasher, Biora, Batori, Corn, Gil, & Zaidel, 2005). Hence, both the right 

hemisphere hypothesis and the executive function hypothesis focusing on the right frontal 

processes seem to omit some important aspects of neural mechanisms underlying 

language pragmatics.   

To account for the reports of pragmatic deficits in both LHD and RHD patients, 

Giora et al (2000) suggested that organization of pragmatic processes in the brain adheres 

to a salience principle where salience of an utterance is determined by its conventionality, 

frequency or prototypicality. According to this proposal the more salient language is 

processed by the left hemisphere, whereas the right hemisphere reinterpretation processes 

specialize in processing of nonsalient utterances. Following this account, Giora et al. 

(2000) predicted that LHD but not RHD patients would have difficulty in processing of 

salient conventional metaphors, whereas the reverse pattern of performance should 
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emerge in case of processing of noncoventional sarcasm. The first prediction was 

confirmed by the results, since subjects with LHD scored significantly worse than those 

in the RHD group and there was no difference in performance between the RHD subjects 

and normal controls. The results of the experiment examining processing of 

nonconventional sarcasm were less straightforward: both LHD and RHD patients 

performed significantly worse than normal controls with no differences between the 

patient groups.  

In summary, two major points emerge from the previous discussion of studies of 

brain damage in relation to language pragmatics. First, as exemplified in the reviewed 

research (Giora et al, 2000, Zaidel et al., 2002, Soroker et al, 2005), the notion of 

pragmatic processes being solely related to neural substrates in the right hemisphere is 

unlikely. There is evidence that both lesions to the left and the right hemisphere can result 

in deficient pragmatic performance. As mentioned above, results of some studies suggest 

that frontal lobes might be the key to understanding these deficits. But, evidence directly 

supporting this hypothesis is scarce and there is no adequate theory linking executive 

function and processes underlying language pragmatics. To investigate the question about 

involvement of frontal lobes in language pragmatics, this project examined older 

participants with varying degrees of frontal function on impliciture processing with and 

without context in Experiments 3 and 4, respectively. In addition, me specific hypotheses 

about frontal involvement in processing of implicitures were tested in Experiments 5 and 

6 using electrophysiological recordings.  
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E. Cognitive control and language pragmatics: Lessons from task switching 

Our activity and performance in every task is influenced by two major types of 

control: endogenous and exogenous control (Monsell, 2003). The endogenous control 

refers to our intentions and goals, the exogenous control relates to external influences of 

context in which we are doing a specific activity. Both of these sources of control are 

relevant to pragmatic processes which reflect usage of language in a matter that is 

appropriate to internal goals as well as situational context. This section examines 

potential contribution of endogenous and exogenous control processes of the frontal lobes 

to impliciture processing.  

To explore the role of the two hemispheres in endogenous and exogenous control, 

LHD and RHD patients were tested using task-switching paradigm, in which subjects had 

to alternate between object discrimination task and spatial discrimination task every two 

trials (Mecklinger, von Crammon, Springer, Matthes-vonCrammon, 1999). Performance 

of subjects was assessed by calculating average switch cost – the difference between time 

it took to initiate responses on switch-trials (when tasks changed) and repetition trials 

(with the same task being performed). Switch cost was interpreted as a reflection of 

anticipatory endogenous control processes necessary to initiate the change in task 

performance. In addition, Mecklinger et al. (1999) examined interference effects from 

external stimuli by implementing a crosstalk condition in which stimulus combinations 

from the currently inappropriate task were present in the stimulus set for the appropriate 

task. For example, display for the object identification task was organized so, that spatial 

information relevant for the spatial discrimination task was included as well. The results 
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pointed to interesting differences between the LHD and RHD groups with respect to 

switch cost and performance in the crosstalk condition. Whereas LHD patients showed 

significantly higher switch costs than RHD patients, RHD patients performed 

significantly worse than patients with LHD in the crosstalk condition. These findings 

were interpreted as indicating that the main problem of LHD patients lies in endogenous 

control initiating the trial switch and RHD patients have major difficulty in exogenous 

control that would prevent interference from task irrelevant information. These results 

can also be viewed as having broader implications for partitioning of executive function 

into a left hemisphere component crucial for endogenous control and a right hemisphere 

component important in exogenous control. 

Even thought the observed dissociation between left and right hemisphere 

executive processes is very intriguing, it is not clear what the connection between 

endogenous control and language abilities is, and what the right hemisphere mechanisms 

preventing interference from task irrelevant stimuli are. In the search for language related 

mechanisms of endogenous control, it has been suggested that language plays important 

role in self-regulation or self-instruction in goal directed activity (Monsell, 2003). This 

hypothesis is supported by findings from psychophysiological studies using task-

switching paradigm and other frontal function tasks. In a study exploring the time course 

and localization of activity in the Stroop color-word interference task, Markela-Lerenc et 

al. (2004) reported early activation (between 350 and 450 ms) in left prefrontal cortex 

(PFC) presumably reflecting the endogenous control processes initiating the task. 

Similarly, Brass et al. (2005b) analyzed activations in an ERP study of task-switching 
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using dipole modeling based on fMRI data, and the results revealed sources of activation 

in the left inferior frontal junction (IFJ), right inferior frontal gyrus (IFG) and right 

intraparietal sulcus with the frontal areas being more active in the early time window 

between 400 and 460 ms and with the tendency of left IFJ being active before the right 

IFG. Brass et al (2005b) concluded that the prefrontal cortex activation may reflect a 

specification of task goals in a language-like format for initiation. This hypothesis has 

further support in functional neuroanatomical arguments based on the observation that 

IFJ is located at a junction of the premotor domain, the language domain, and the 

working memory domain. Hence, IFJ has a suitable location to provide coordination of 

activity between these different areas to adjust our behavior (Brass et al., 2005a). Finally, 

clinical reports on language difficulties after frontal brain damage imply that lesions to 

left frontal areas can result in problems with initiation and manipulation of speech in 

absence of aphasic symptoms (Alexander, Benson & Stuss, 1989). These findings can be 

interpreted in terms of an underlying endogenous control problem. Thus, it can be 

assumed that language based self-instruction processes play an essential role in 

endogenous control necessary for initiation of task set updating in both non-linguistic and 

linguistic context.  

After examining the question of the role of left hemisphere processes in cognitive 

control, the right hemisphere processes responsible for the interference effects in the 

crosstalk condition in the Mecklinger at al. (1999) study need to be explored. In the 

working memory literature it has been suggested, that right PFC is important in binding 

of information coming from different modalities (Baddley, 2002). Baddley (2002) 
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enriched his model of working memory by a new component called the ‘episodic buffer’ 

possibly associated with the right PFC area. Episodic buffer is characterized as a limited 

capacity temporary storage system capable of integrating information from different 

modalities and representational formats. Postulation of the episodic buffer was primarily 

inspired by experiments showing influence of long term memory on chunking in working 

memory - pointing to the importance of a component where such integration processes 

could occur. The notion of episodic buffer could also explain integration of visual, 

auditory, linguistic and other more abstract representations into one complex 

representation such as a representation of a person in a particular episodic context. It is 

possible that such a component would play an important role in preventing interference 

from context irrelevant information since damage to the binding process would result in a 

‘loose coherence’ of situation relevant information. In light of these considerations, it 

could be claimed that in case of the RHD patients showing interference effects in the 

crosstalk condition (Mecklinger et al., 1999), the problem stemmed from an underlying 

deficit in binding of task relevant information in the episodic buffer.  

Considering the integration processes of the episodic buffer it seems plausible that 

this component would play an important role in any process that requires complex 

binding of information coming from different modalities in a specific context. Such 

integration processes are essential in pragmatic processes of language responsible for 

understanding of indirection, sarcasm or implicitures in context, where information about 

situational context, our conversational partner and our own goals need to be integrated. 

This hypothesis is supported by clinical reports of language deficits in patients with right 
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PFC lesions that describe their production as marked by unanticipated changes of topic, 

piecemeal and tangential utterances with communication reflecting inattention to the 

context (Alexander, Benson & Stuss, 1989). It is thus plausible that the episodic buffer is 

a component of the right hemisphere frontal function essential for efficient pragmatic 

processing in language.  

To summarize, it has been suggested that there are two lateralized components of 

frontal function likely involved in language pragmatics: the endogenous control 

mechanism of the left PFC, and the binding processes of the episodic buffer in the right 

PFC. Whereas the endogenous control mechanisms are responsible for self-initiation of 

the task using language like code of instruction (possibly subvocalization), the right PFC 

mechanisms of binding are important for integrated representation of the context suitable 

for task execution. In terms of pragmatic processes of language, the endogenous control 

is likely important for initiation of context updating for reinterpretation in understanding 

of nonliteral or indirect language where the default, but inappropriate, interpretation 

needs to be rejected in favor of an alternative interpretation. These initiation processes of 

endogenous control activate binding processes of the right frontal areas which integrate 

the contextual information and alternative interpretation consistent with the 

reinterpretation instructions. It is clear that the endogenous control needs to initiate the 

switch of interpretation, and therefore, has to be active earlier than the binding processes 

of the right hemisphere. This sequence is in accordance with Baddley’s (2002) view of 

episodic buffer as a component being controlled by the central executive, and the central 

executive can be viewed as the endogenous control processes of the left PFC.  
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The suggested distinction between endogenous control and binding processes in 

connection to language pragmatics seems to account for the peculiar findings reported 

earlier, showing that both patients with LHD and RHD are impaired in their 

interpretations of nonconventional sarcasm (Giora et al., 2000). It could be claimed that 

the low scores of the two groups of patients were caused by damage to different 

mechanisms of the frontal lobes. While the poor performance of the LHD groups 

stemmed from an underlying deficit in endogenous control, the RHD patients scored 

deficiently because of an underlying deficit in the binding processes of the right frontal 

areas. Hence, the suggested account of the two frontal lobe components in relation to 

language pragmatics has the advantage of explaining a pattern of deficits that is not 

consistent with the salience hypothesis.  

The suggested hierarchy of mechanisms involved in pragmatic processing stands 

in contrast with assumptions of previous ERP studies examining processing of 

metaphors, which were reviewed in the second section. These studies followed the 

‘continuity claim’, according to which processing of nonliterality and indirection differs 

from processing of literal language in terms of cognitive processing demands rather than 

employment of different mechanisms (Ortony et al., 1978; Glucksberg et al., 1982; 

Coulson & Van Petten, 2002). However, the continuity hypothesis is difficult to reconcile 

with the data from patients with RHD damage or frontal damage who have selective 

problems in processing of indirection but not literality. Since these problems persist 

under conditions when indirect and literal items are matched for complexity (for example 

Foldi, 1987), it is unlikely that this difference would be due to processing demands, and 
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thus implies a selective deficit to mechanisms underlying processing of indirection. 

Similar argument could be constructed for nonliterality processing. Following the results 

of lesion research with RHD and LHD patients, our research focuses on exploration of 

hierarchical activation of lateralized frontal mechanisms in processing of implicitures, 

and hence, challenges the assumptions of the continuity hypothesis.  
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CHAPTER 2  PROCESSING OF IMPLICITURES WITH AND WITHOUT 

CONTEXT:  FOUNDATIONAL EXPLORATIONS IN NORMAL 

YOUNG ADULTS 

Since early experimental explorations of pragmatic phenomena, researchers 

pointed to differences in processing of novel and conventional utterances. For example, 

Ortony et al. (1978) and Gibbs (1979) found that processing of novel metaphors in short 

contexts and context-free indirect requests, respectively, takes longer than processing of 

literal sentences. But, this effect diminishes or reverses when sufficient context is 

provided. On the other hand, Glucksberg, Gildea and Bookin (1982) found that non-

literal meaning of free-standing standardized metaphors was processed faster (and thus 

was more readily accessible) than their literal meaning. In addition, Gibbs (1981) found 

that ‘conventional’ requests are processed faster than non-conventional requests. The 

issue of standardized meanings of utterances surfaced again in recent explorations of 

implicitures by Bezuidenhout and Cutting (2002) who assumed, but did not 

experimentally show, that enriched meanings of implicitures were ‘dominant’ and thus 

more readily available than minimal propositions without enriched meanings.  

The purpose of the following explorations of implicitures was to examine 

experimentally the availability of standardized default meanings of free-standing 

implicitures (Experiment 1) and to investigate processing of these standardized utterances 

in contexts that either supported or canceled their default meanings. First, establishing the 

dominant meaning of implicitures was necessary in order to provide a context-free 
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baseline for further comparisons of how these implicitures are processed in context, and 

thus overcoming the shortcoming of Bezuidenhout and Cutting’s (2002) study. 

Furthermore, preference for enriched meanings in context-free presentation would 

suggest that standardization, rather than mandatory operations of minimal proposition 

inference, is the operation determining preferred meanings of utterances. Second, one can 

examine processing of these standardized meanings in contexts favoring or canceling 

their preferred interpretation in order to determine whether interference from the 

dominant meaning will be observed in canceling context. This is important in order to 

establish whether the standardized meaning is mandatorily accessed, even in cases when 

it is not favored by the context. If that is the case, there should be processing difficulty at 

the point when the impliciture needs to be integrated with the canceling context.  

 

A. Experiment 1: Processing of free-standing implicitures in young adults 

The Experiments 1 and 2 build on results reported by Garrett and Harnish (2007). 

Their first experiment assessed the notion of preferred interpretation of implicitures. 

Three types of implicitures were explored: locative (for example ‘It’s raining’), temporal 

(‘I’ve had breakfast’), and possessive (‘I flexed a leg’). Implicitures and matched non-

impliciture sentences were presented in the auditory domain preceded by a phrase 

‘Somebody said’. After each sentence, a one word question (for example ‘Where?’) with 

two possible answers appeared on the computer screen. One of the answers was always 

an impliciture probe (for example ‘here’), the other a non-impliciture probe (for example 

‘there’). Participant’s task was to pick the response corresponding to her understanding of 
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the sentence by pressing a button. The results revealed a clear preference on the order of 

90% or more for impliciture responses to impliciture sentences, but not in the 

corresponding non-implicitures. In addition, participants’ decision times were faster for 

impliciture sentence probes compared to non-impliciture probes. These results held 

across all three impliciture types supporting the notion of a preferred non-literal 

interpretation of implicitures.  

The aim of the following experiment was to replicate the results by Garrett and 

Harnish (2007) and to examine the strength of the default meaning of implicitures in a 

purely visual paradigm using a larger set of items and participants.  The test of a larger 

set of items is motivated both by considerations of generality and by the requirements of 

later experiments for which this initial work provides candidate materials. The auditory 

presentation was replaced by visual presentation in order to be able to use this 

experimental set-up in the following studies involving older adults and 

electrophysiological recordings of brain activity.  

 

1. Methods 

Norming Phase: To assure the quality of the impliciture sentences to be used, 82 

impliciture candidates and their control sentences matched for length and structure were 

presented to native speakers of English (undergraduates at the University of Arizona 

participating in the experiment for a course credit) in a paper and pencil task. The 

objective was to measure the interpretive bias for the implicitures’ content. 24 items out 

of the set were previously used by Garrett and Harnish (2007). For each sentence there 
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were two possible answers – an impliciture probe and a non-impliciture probe - to a 

question about their implicit content. Responses were scored as accurate if the impliciture 

probe was selected. Data from 14 participants with overall accuracy rates 80% or better 

on the impliciture sentences were included in the final evaluations. Items with error rates 

higher than 20% were excluded, resulting in a set of 60 implicitures and control 

sentences. This resulted in an accuracy rate of 95% in favor of the impliciture probe 

across the set of sentences. The initial results on all the items and results after exclusion 

of the items with accuracy rates lower than 80% are listed in Table 1.  

The selected items were further evaluated in two additional pilot runs using a 

computer based speeded two-alternative forced choice task that followed the procedures 

of the main experiment. Overall, data from 46 native speakers of English (undergraduates 

at the University of Arizona participating in the experiment for a course credit) with error 

rates less than 20% were included in the final analyses. Based on the results five items 

were replaced. Average bias for impliciture content across the full set of items was 

89.2%. 
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Table 1 
Accuracy rates for impliciture sentences in the paper and pencil norming test including 
initial results with 82 items and results with only 60 items with accuracy over 80%.  
 
Impliciture Accuracy 
 % agreement 
Type Initial results accuracy > 80% 
Locative 88 95 
   
Temporal 88 94 
   
Possession 90 95 
   
Overall 89 95 
      

 
 

Participants: 40 (10 male, 30 female) native speakers of English, without history 

of language or learning disabilities participated in this experiment. Participants were 

undergraduates at the University of Arizona (average age 20, range 18-24) and received 

class credit for their participation.  

Materials: All items were preceded by the phrase ‘Somebody said:’. 60 

impliciture sentences and 60 non-impliciture sentences matched for length and structure 

were used (see Figure 1 and Figure 2). Three impliciture types were examined: 20 

locative implicitures, 20 temporal implicitures and 20 possessive implicitures. Each item 

was followed by a question word with impliciture and non-impliciture response printed 

underneath. 24 filler items with preferred non-impliciture interpretation were included in 

the set to avoid response bias. The set of items was pseudorandomly ordered so that 3 

implicitures of the same type or non-impliciture sentences would never follow more than 

three times in a row. Similarly, the set up prevented more than three consecutive correct 

responses in the same position (left or right). Additional 21 items were used for practice 
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at the beginning of the testing session (15 items) and at the beginning of each block of 

items (2 items).  

 

Figure 1 
Example of a presentation sequence and an impliciture item in Experiment 1.  

 

 
 

Somebody said, 

 
 

It’s a beautiful afternoon. 

 
 

Where? 
HERE  THERE 
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Figure 2 
Example of a presentation sequence and a non-impliciture item in Experiment 1. 

 

 
 

Somebody said, 

 
 

It’s a beautiful butterfly. 

 
 

Where? 
HERE  THERE 

 
 
Procedure: All stimuli were presented visually on a computer screen. First the 

phrase ‘Somebody said:’ appeared for 500 ms and subsequently an impliciture or non-

impliciture sentence was presented. After participants read the sentence, they pressed a 

spacebar on a computer keyboard with their left hand to advance to the question display. 

To respond to the question they selected a response by pressing one of two ‘LEFT’ or 

‘RIGHT’ labeled keys with the index finger or the middle finger of their right hand. 

Sentence reading time, decision time and responses were recorded. The testing session 

lasted approximately 25 minutes. 
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2. Results:  

Decisions: First, accuracy rates for the impliciture sentences were scored. A 

response was judged as accurate if the participant selected an impliciture probe in 

response to an impliciture sentence. Missing responses and timeouts were counted as 

incorrect responses. Accuracy rates for implicitures showed a clear preference for 

impliciture probes, 88% on average across the impliciture types, with locative 

implicitures showing the strongest bias (93%). Complete results are summarized in Table 

2. A 2 x 3 repeated measures ANOVA with the factors of sentence type (impliciture, non-

impliciture) and impliciture type (locative, temporal, possession) was conducted on the 

decision reaction times. The results are shown in Table 3. They revealed a significant 

effect of sentence type by both subjects and items with responses to implicitures being 

significantly faster than to non-impliciture controls (F1(1,39) = 97.54, p < .0001;  F2(1, 

19) = 131.77, p < .0001). The impliciture types also showed a significant main effect 

(F1(2,78) = 9.33, p< .001; F2(2, 38) = 7.32, p < .01), and there was no interaction 

between the two factors (F1(2,78) = 2.00, p = .14; F2(2, 38) = .71, p = .50). T-tests 

comparing the impliciture and non-impliciture pairs for the impliciture types showed that 

the significant differences held across the three impliciture subtypes. 
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Table 2 
Accuracy rates for decisions favoring impliciture probes in Experiment 1 with young 
adults.  
 
Impliciture Accuracy 
Type (% agreement) 
Locative 93 
  
Temporal 83 
  
Possession 89 
  
Overall 88 
    
 

 
Sentence reading times: A 2 x 3 repeated measures ANOVA with the factors of 

sentence type (impliciture, non-impliciture) and impliciture type (locative, temporal, 

possession) was calculated on the sentence reading times (summarized in Table 3). There 

was no main effect of sentence type in the subject analyses, but the item analyses 

revealed a significant effect (F1(1,39) = 1.72, p = .20; F2(1, 19) = 4.49, p < .05). The 

factor of impliciture type showed a significant effect in both F1 and F2 analyses 

(F1(2,78) = 155.51, p< .0001; F2(2, 38) = 6.83, p < .01). The interaction between the two 

factors was not significant (F1(2,78) = 1.88, p = .31; F(2, 38) = .50, p = .61). To compare 

the effects within impliciture subtypes, we conducted t-tests comparing impliciture and 

non-impliciture means. The subject analyses did not show any significant effects but t-

tests on items revealed a significant effect for locative (t(19) = 1.83, p < .05) and 

temporal implicitures (t(19) = 2.23, p < .05).  
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Table 3 
Experiment 1: Decision reaction times and impliciture/non-impliciture reading times for 
free-standing implicitures tested in young adults.  
 
Impliciture  Decisions  Sentence  
Type   Difference reading Difference 
Locative          
 Impliciture 1145 577** 1196 68 
 Non-Impliciture 1722  1264  
Temporal      
 Impliciture 1379 448** 1318 79 
 Non-Impliciture 1827  1397  
Possession     
 Impliciture 1190 559** 1573 27 
  Non-Impliciture 1749   1600   
Overall           
 Impliciture 1238 528** 1362 58 
  Non-Impliciture 1766   1420   
 * p < .05     
 ** p < .01     

 
 
3. Discussion:  

The most important finding of the first experiment clearly indicated that the non-

literal standardized meaning is the preferred interpretation for locative, temporal and 

possession implicitures used in our study. The experimental confirmation of the 

preference for the standardized impliciture interpretation builds the foundation for further 

exploration of impliciture processing in context, while avoiding the basic shortcoming of 

the Bezuidenhout and Cutting (2002) study. The results also showed a significant 

difference in decision time for implicitures and non-impliciture sentences. This points to 

the possibility that meaning of implicitures might be easier to access, perhaps due to the 

standardized nature of these utterances. But, one needs to be cautious in interpreting these 

findings. While the impliciture and non-impliciture pairs were roughly matched on length 
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and sentence structure, careful controlling of the frequency of words in sentences and 

their phrasal structure would be needed for a more conservative comparison. Finally, we 

observed significant main affects for impliciture types both on decision time and sentence 

reading time measures. As shown in Table 3 locative, temporal and possession 

implicitures differed on reaction time and reading time measures, with locatives being the 

fastest to process, possession implicitures showing the slowest reading time,s and 

temporals exhibiting the slowest decision time. These differences point to possible 

differences in processing of these impliciture types – an issue that will become more 

visible in the following experiment. But, it is also possible that some of these differences 

are due to unequal average length of impliciture sentences in the impliciture groups. In 

conclusion, findings of Experiment 1 replicated the findings by Garrett and Harnish 

(2007) in a visual paradigm on a larger set of items and with higher number of 

participants.  

 

Experiment 2: Processing of implicitures in context in young adults 

This experiment was a replication and an extension of the second experiment by 

Garrett and Harnish (2007). The original experiment tested understanding of implicitures 

embedded in contexts, which favored the impliciture interpretation, and contexts, which 

went against the default information. Just as in Experiment 1, context presentation was 

followed by a question word with an impliciture probe and a non-impliciture probe. The 

contexts, impliciture sentences, and decision displays were presented visually in a self-

paced reading, two-alternative forced choice task. Participants provided their decision 
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responses verbally by triggering a voice key with onset of their response. Context reading 

time, impliciture reading time, decision time as well as impliciture or non-impliciture 

responses were recorded. The results showed significantly longer decision times to 

implicitures embedded in canceling contexts compared to implicitures in enabling 

contexts. There were no corresponding differences in context reading times and 

impliciture reading times. These findings suggested that for these types of implicitures, 

contextual constraint operates on a primary interpretation driven by the sentence content. 

Experiment 2 examined processing of implicitures in context using a manual 

button-pressing procedure to record decision times instead of the voice key trigger used 

in Garrett and Harnish’s (2007) study. This modification in procedure was made in order 

to have same response measures for both free-standing implicitures (Experiment 1) and 

implicitures in context in this experiment. We also aimed to establish behavioral findings 

with a procedure that could be later used in a study recording electrophysiological 

responses (Experiments 5 and 6).  

Examination of implicitures in context bears on the issues of mandatory retrieval 

of a preferred inference in a context favoring an alternative interpretation. According to 

some accounts, for example the local pragmatic processing model (LPP) tested by 

Bezuidenhout and Cutting (2002), a default inference is not derived unless favored by the 

context. This means that processing of implicitures in contexts supporting and canceling 

the dominant meaning should not differ. On the other hand, an alternative model suggests 

that a standardized inference will always be derived, and thus will create a processing 

interference, when presented in a context contradicting the dominant meaning.  
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1. Methods: 

Norming Phase: Impliciture sentences that were previously presented free-

standing were now embedded in canceling and enabling contexts. Enabling contexts 

supported the implicitures’ content; cancelling contexts supported alternative content.  

 

Example of an enabling context: 

 

Growing orchids: You are Josephine 

Janet ran a florist shop and she kept a complex 

of greenhouses to grow some of her own plants. 

Her friend Josephine wanted to tour the place 

and see the different types of flowers. 

When they walked into the orchid room, 

it was like moving into a moist jungle. 

Josephine turned to Janet and said, ‘Wow, 

it feels very humid.’ 

 

Where? 

HERE                    THERE 

 

 

 

  



 
 
 
 56
 
   
Example of a canceling context: 

 

Island climates: You are the park ranger 

The park ranger on St. John told us: 

‘Climate on Caribbean Islands 

can vary greatly within a few miles 

even on small islands like this one. 

On the east coast where we are now, it’s dry 

and almost desert like. But, on the other side, 

a couple of miles west, it will be lush, and 

it feels very humid.’ 

 

Where? 

THERE                    HERE 

 
To ensure quality of our test materials, prospective contexts with implicitures as 

final sentences were first evaluated in an off-line paper and pencil task. 70 pairs of 

enabling and canceling contexts were created with 70 implicitures as final sentences. 24 

of the contexts were previously used in a study by Garrett and Harnish (2007). Contexts 

were 40 to 70 words in length and each context pair was matched for length and 

complexity. The two versions of test materials were counterbalanced so that an 

impliciture sentence appeared only once in each booklet, either in an enabling or 
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canceling context but not both. Participants were asked to circle the appropriate 

impliciture or non-impliciture probe to a question listed after each context. Accuracy was 

determined by compliance with context, either the impliciture or the non-impliciture 

content. The objective was to determine whether the two contexts were equally effective 

in producing a strong bias toward one of the two alternative forced choices, as the 

examples above illustrate.  Data from 83 native speakers of English (undergraduates at 

the University of Arizona fulfilling a course requirement) with error rates less than 10% 

were taken into account. Only contexts with error rates less than 10% were selected in 

establishing a set of 60 impliciture sentences in 120 contexts (60 enabling and 60 

canceling).  

The contexts were further validated on three different computer versions of the 

task. Data from 67 native speakers of English with overall error rates smaller than 20% 

were included in the final analyses. Based on the results, six of the contexts were 

replaced and three contexts were adjusted. The accuracy rate for both enabling and 

cancelling contexts was 90% or better across the ultimately selected materials set. 

Participants: Participants in Experiment 2 were the same as in Experiment 1 and 

were tested immediately after they completed Experiment 1.   

Materials: Impliciture sentences were the same as in Experiment 1, but embedded 

in canceling and enabling contexts selected in the norming phase described above. The 60 

canceling-enabling context pairs were pseudo-randomly divided into two lists – each of 

the lists contained 3 groups of 20 locative, temporal and possessive contexts with half of 

the contexts in each type being canceling and half enabling. The two lists of items were 
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counterbalanced. Items in each of the lists were divided into 3 blocks of 20 items. An 

additional 11 practice items were included in the experiment – 8 items at the beginning of 

the task and 1 practice item at the beginning of each block.  

Procedure: All stimuli were presented visually on a computer screen in a self-

paced reading paradigm. Participants had to press a spacebar with their left hand to 

advance through the contexts line by line. After participants had read the final impliciture 

sentence, they proceeded to the question display where they selected a response by 

pressing one of two keys (labeled LEFT and RIGHT) either with the index finger or the 

middle finger of their right hand. Participants’ responses, in addition to their context 

reading time, impliciture reading time, and decision time, were recorded.  As noted 

above, this experiment was presented as the second task in the experimental session, right 

after Experiment 1, and it took about 25 minutes to complete.  

 

2. Results:  

 Decision: Average rate for responses compliant with contexts was 93%. These 

rates differed across the enabling and canceling contexts with the enabling contexts being 

responded to correctly in 97% of cases compared to 88% for the canceling contexts. The 

context compliance rates differed across the impliciture subtypes as summarized in Table 

4. 
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Table 4: 
Context compliance rates for implicitures embedded in enabling and canceling contexts 
in Experiment 2 with young adults. 
 
Impliciture Context Type 
Type Enabling Canceling
Locative 97 88 
   
Temporal 99 87 
   
Possession 96 90 
   
Overall 97 88 
      

 

 A 2 x 3 repeated measures ANOVA with the factors of sentence type 

(impliciture, non-impliciture) and impliciture type (locative, temporal, possession) was 

calculated for the decision reaction times (see Table 5 for complete results). There was a 

significant effect of the context type (F1(1, 39) = 22.77, p < .001, F2(1, 19) = 15.8, p < 

.01) with decisions to implicitures in enabling contexts being made significantly faster 

than to implicitures in canceling contexts. The main effect for impliciture subtypes was 

also significant (F1(2, 78) = 46.70, p < .001; F2(2, 38) = 36.87, p < .0001). Finally, there 

was a significant interaction between context types and impliciture types (F1(2, 78) = 

6.18, p < .01; F2(2, 38) = 4.05, p < .05). T-tests conducted on the decision reaction times 

in enabling and canceling contexts for impliciture subtypes revealed significant 

differences for locatives (t(39) = 2.21, p < .05 ), temporals (t(39) = 4.81, p < .01 ) as well 

as possession implicitures (t(39) = 2.29, p < .05) in subject analyses, and a significant 

effect only for temporals (t(19) = 4.89, p < .01) in item analyses.  
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Table 5 
Experiment 2: Decision times, impliciture sentence reading times and context reading 
times on implicitures embedded in contexts tested in young adults.  
 
  Decisions  Implicitures  Contexts  
Context type  Difference  Difference  Difference
Locative           
 Enabling 1077 71* 959 -6 1074 19 
 Canceling 1148  953  1093  
Temporal       
 Enabling 1290 229** 1044 119** 1223 21 
 Canceling 1519  1163  1244  
Possession       
 Enabling 1204 115* 1068 65* 1166 13 
  Canceling 1319   1133   1179   
Overall             
 Enabling 1190 129* 1024 59* 1154 25 
  Canceling 1319   1083   1179   
 * p < .05       
 ** p < .01       

  

Sentence reading time: The 2 (context type) by 3 (impliciture type) ANOVA for 

sentence reading time revealed a marginally significant main effect of the context type by 

subjects and a significant effect by items (F1(1, 39) = 3.87, p = .056; F2(1, 19) = 5.36, p 

< .05). We also obtained a significant effect of impliciture type but only in the subject 

analyses (F1(2, 78) = 16.16, p < .001; F2(2, 38) = 2.27, p = .12). The interaction between 

the two factors was marginally significant by subjects (F1(2, 78) = 2.99, p < .056), but 

not significant in item analyses (F2(2, 38) = 2.21, p = .12). T-tests exploring the 

differences in reading times for the three types of implicitures in enabling and canceling 

contexts showed a significant effect for temporals (t1(39) = 2.44, p < .01) and possession 

implicitures (t1(39) = 1.97, p < .05) in subject analyses and a significant effect only for 

possession implicitures in item analyses (t2(19) = 3.20, p < .01) .  
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Context reading time: A 2 x 3 ANOVA with context type and impliciture type as 

factors was conducted on the data. There was no main affect of context type (F1(1, 39) = 

2.20, p = .15; F2(1, 19) = 1.35, p < .26). The main effect for impliciture type was 

significant (F1(2, 78) = 86.77, p < .001; F2(2, 38) = 3.86, p < .05). The interaction 

between the two factors was not significant (F1(2, 78) = .22, p < .80; F2(2, 38) = .03, p = 

.97). 

 

3. Discussion:  

Results of Experiment 2 replicated findings obtained by Garrett and Harnish 

(2007) for decision reaction time. In addition, the current experiment showed a 

significant effect for sentence reading time. These two effects indicate that the default 

interpretation of an impliciture needs is automatically activated and needs to be 

suppressed in case of canceling contexts. Such results support a model with a mandatory 

inference of the default meaning regardless of context compliance. The Local pragmatic 

processing model is not consistent with these findings. The fact that we obtained an effect 

of impliciture reading time is consistent with Bezuidenhout and Cutting (2002) and 

provides further support for a default model or a parallel model (Bezuidenhout and 

Cutting, 2002; Shapiro and Murphy, 1993). Here the default is understood not as a 

minimal proposition but as a dominant meaning of an utterance that can be established by 

standardization as in the case of implicitures. The results obtained do not allow for direct 

comparison of the default and parallel accounts. Finally, there was no effect of context 

reading time. This result was expected provided that the enabling and canceling pairs of 
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contexts were well matched on length and complexity. The difference in compliance 

rates, however, should not be ignored, and does suggest a possible difference in 

contextual effectiveness for canceling and enabling information. We will return to this 

issue in later discussion. 
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CHAPTER 3   NEUROPSYCHOLOGICAL EVIDENCE: PROCESSING 

OF IMPLICITURES IN OLDER ADULTS 

After establishing the basic findings about processing of free-standing 

implicitures and implicitures in context in young adults, the research described in this 

chapter examines the role of executive function in language pragmatics in older adults. It 

has been previously shown that functioning of frontal lobes tends to decline with age. 

However, the degree of the decline varies individually. So, within the population of older 

adults, there are individuals with frontal lobe function in normal or above average range, 

but there are also those who perform in the lower than average range. This variability has 

been previously used in studies of the role of frontal lobes in memory for context, such as 

remembering a room in which one saw a chair or remembering a voice that spoke a 

sentence (Glisky, Rubin and Davidson 2001). It has been shown that older adults with 

low frontal function have more difficulty in memory for context than older adults with 

high frontal function (ibid.). There are different processes - such as planning, integration 

of context or monitoring - summarized under the label of the frontal function. According 

to their results, the measures used in the Glisky, Rubin and Davidson (2001) primarily 

taped into processes integrating different aspects of experience. 

Though speculative at this stage, it is possible that the processes underlying 

memory for context might be similar to those essential for pragmatic processing of 

language in context. This is because understanding of metaphor or engaging in a 

conversation depends on integration of the context in which they are used, and processes 
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of context representation and integration do not seem to be content specific. Regardless 

of the precise overlap of these processes, however, the variation in frontal function 

attested serves the objective of directly testing the involvement of frontal lobes in 

impliciture processing.   

We examined the performance of older adults with varying degrees of frontal 

function on impliciture processing with or without context. Conducting a study on the 

role of frontal lobes in processing of implicitures on an older population avoids most of 

confounds concerning research with patients with frontal lobe damage. This is because 

the population of older adults displays variability in frontal lobe function that is still 

within the normal range of variation. The frontal lobe decline of some older adults is 

detectable in neuropsychological testing, but this population does not display the wide 

range of potentially confounding deficits such as affective or attentional deficits that are 

usually pronounced in patients with frontal lobe damage. 

 

Experiment 3   Processing of free-standing implicitures in older adults 

 The first experiment examined performance of older adults on free-standing 

implicitures using the same procedures as in Experiment 1 with young adults. It was 

predicted that older adults with lower frontal function would not differ from older adults 

with higher frontal function in processing of free-standing implicitures. This is because 

processes involved in deciphering the meaning of implicitures as standardized utterances 

are likely associated with lexical functions in more posterior areas of the brain. 
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1. Methods 

Participants: 29 normal older adults over the age of 65 were recruited from the 

local community. One participant was excluded because of error rates higher than 20% 

on the test of implicitures without context. Another participant was excluded because of 

fatigue effects due to length of the testing session that, according to her own report, 

resulted in high error rates on the last test. As a result, 27 older participants (17 women, 

11 men) were included in the testing sample.  

Based on results of factor analyses by Glisky, Polster and Routhieaux (1995) we 

calculated a composite frontal lobe scores for each participant. The calculations produced 

z-scores based on a normative sample of 227 normal older adults. The following tests 

contributed to the FL scores: Mental Arithmetic from the Wechsler Adult Intelligence 

Scale-Revised (WAIS-R; Wechsler, 1981), number of categories on modified Wisconsin 

Card Sorting Test (Hart, Kwentus, Wade, & Taylor, 1988), Backward Digit Span from 

Wechsler Memory Scale-III (WMS-III, Wechsler, 1997), total number of words produced 

in a Word Fluency Test, only initial letters F, A, and S were used (Spreen & Benton, 

1977), and Mental Control from WMS-III (Wechsler, 1997). The composite frontal 

scores were calculated giving equal weighting to each test, and correcting for the 

differential effects of age on the individual tests. The characteristics of the overall group 

of participants are listed in Table 6.  
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Table 6 
Characteristics of older adults who participated in Experiment 3 and Experiment 4.  
 Overall  Low FL function   High FL function 
 N = 27  N = 17  N = 10 
Variable M SD   M SD   M SD 
Age 73.6 6.2  74.8 6.1  71.5 6.2 
Mental Arithmetic 13.3 3.3  12.2 2.8  15.2 3.2 
WCST 3.9 2.3  3.2 2.4  5.0 1.7 
Backwards Digit Span 7.1 2.2  6.0 1.4  9.0 2.1 
FAS 42.1 8.3  38.8 7.1  47.9 7.1 
Mental Control 24.6 4.3  22.6 3.5  27.8 3.7 
Frontal Score -0.2 0.6   -0.5 0.4   0.4 0.3 

Note. FL = frontal lobe; WCST = Wisconsin Card Sorting Test; FAS = word fluency test 
for letters F, A, and S.  
 

 Materials: Stimuli were identical to those used in Experiment 1 with young adults. 

Procedure: Testing sessions started with the battery of the five previously 

described neuropsychological tests. The neuropsychological testing took about 40-45 

minutes. Afterwards, participants were tested on free-standing implicitures following 

procedures of Experiment 1.  

 

2. Results 

 Decisions: The average bias for impliciture probes in response to impliciture 

sentences was 92%. The accuracy rates for impliciture subtypes are listed in Table 7. 

Individual accuracy rates ranged from 82% to 99%.  
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Table 7 
Accuracy rates for decisions favoring impliciture probes in Experiment 3 with older 
adults.  
 
Impliciture Accuracy 
Type (% agreement) 
Locative 94 
  
Temporal 94 
  
Possession 88 
  
Overall 92 
    

 
 

Correlations of error rates with frontal scores of participants are reported in Table 

8 and depicted in Figure 3. Overall, there was no significant relationship between frontal 

scores and error rates on free-standing implicitures (r = -0.32, t = 1.62, p = 1.11). This 

result held across the impliciture subtypes with the exception of temporal implicitures, 

which passed the significance test (r = -0.4, t = 2.16, p = 0. 04). There were no significant 

correlations between frontal scores and decision reaction times. 

Table 8 
Correlations between frontal scores and error rates on implicitures presented without 
contexts. 

 Impliciture 
 
 

 
 

 

 

Types 

Context free 

presentation 

Locative -0.28 

Temporal -0.40* 

Possession -0.04 

Overall -0.32 

* p < .05 
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Figure 3 
Correlations between frontal scores and errors for implicitures presented without context. 
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 We conducted a 2 x 3 repeated measures ANOVA on the data with the factors of 

sentence type (impliciture, non-impliciture) and impliciture type (locative, temporal, 

possession). The results revealed a main effect of the sentence type (F1(1,26) = 76.18, p 

< .001; F2(1, 19) = 337.84, p < .001) that held across the impliciture subtypes in t-test 

comparisons. There was also a significant main effect of the impliciture type (F1(2,52) = 

9.65, p< .001; F(2, 38) = 12.04, p < .001). The interaction between the two factors was 

not significant (F1(2,52) = 3.10 , p = .05; F2(2, 38) = 1.50, p = .24). 

Sentence reading time: A 2 (sentence type) x 3 (impliciture type) repeated 

measures ANOVA revealed a significant main affect of the sentence type (F1(1,26) = 

8.78 , p < .01; F2(1, 19) = 7.00 , p < .05), a significant main effect of the impliciture type 

(F1(2,52) = 99.68, p< .001; F(2, 38) = 16.37, p < .001), and a significant interaction 
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between the two factors (F1(2,52) = 6.90, p < .01; F(2, 38) = 4.01 , p < .05). T-tests on 

the differences between impliciture and non-impliciture sentences revealed significant 

effects for locatives and temporals, but not possession implicitures. Finally, frontal scores 

of older participants did not significantly correlate with their sentence reading times. 

 
Table 9 
Experiment 3: Decision reaction times and impliciture/non-impliciture reading times for 
free-standing implicitures tested in older adults.  
Impliciture  Decisions  Sentence  
Type   Difference reading Difference 
Locative          
 Impliciture 1944 1262** 1804 194** 
 Non-Impliciture 3206  1998  
Temporal      
 Impliciture 2294 1378** 1941 153** 
 Non-Impliciture 3672  2094  
Possession     
 Impliciture 1994 1762** 2506 -46 
  Non-Impliciture 3756   2460   
Overall           
 Impliciture 2077 1467** 2084 100** 
  Non-Impliciture 3544   2184   
* p < .05      
** p < .01      

 
 
 
3. Discussion 

The most important finding of Experiment 3 shows that frontal lobe function is 

not, on this evidence, necessary to success with implicitures presented without context. 

This is based on the result that there was no correlation between frontal scores and error 

rates of our older participants. This could be because decisions about the meaning of 

impliciture sentences can be made by reliance on lexical functions associated with more 

posterior areas. In addition, results of Experiment 3 for decision reaction times replicated 
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findings of Experiment 1 with young adults showing that decisions about implicitures are 

executed significantly faster than decisions about non-implicitures. But, our findings for 

sentence reading times differed from the results in young adults – older participants were 

significantly faster at reading implicitures than non-impliciture sentences. Among the 

impliciture subtypes this effect was obtained for locatives and temporals. It might be that 

the significant results for sentence reading times surfaced in the older population because 

of on average longer reaction times for this population compared to young adults.  

 

Experiment 4   Processing of implicitures in context in older adults 

Just as in the case of free-standing implicitures, performance on implicitures 

presented in enabling contexts should not be heavily influenced by differences in frontal 

function. In enabling contexts participants can arrive at the correct response solely by 

relying on the meaning of the impliciture in the final sentence, without the necessity to 

integrate the context with the impliciture. But, in order to respond correctly in canceling 

contexts, participants have to combine the information in the context with the impliciture 

and overcome the bias of the standardized impliciture meaning in the final sentence. Both 

contextual integration and suppression of the standardized interpretation of implicitures 

are processes associated with frontal function. Therefore, it was predicted that older 

adults with lower frontal scores would make more errors in responding to canceling 

contexts than those with higher frontal scores. Specifically, a significant negative 

correlation between error rates and frontal scores of our participants was expected for 

implicitures embedded in canceling contexts.  
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1. Methods: 

 Participants: Older adults from Experiment 3 participated in Experiment 4 right 

after they completed Experiment 3.  

 Materials: Implicitures and contexts used were identical to the materials in 

Experiment 2 with young adults.  

 Procedure: The experimental procedure followed in this experiment was identical 

to the procedure in Experiment 2 with young adults.  

 

2. Results: 

 Overall results: 

Decisions: The average context compliance rate for implicitures embedded in 

contexts was 93%, with participants making more errors on canceling (9%) than enabling 

contexts (4%) (see Table 10 for context compliance rates across the context types and 

impliciture types).  

Table 10 
Context compliance rates for implicitures embedded in enabling and canceling contexts 
in Experiment 4 with older adults. 
 
Impliciture Context Type 
Type Enabling Canceling
Locative 94 92 
   
Temporal 97 88 
   
Possession 97 92 
   
Overall 96 91 
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The overall error rates for individual participants ranged from 18% to 0%. The 

results of correlation analyses exploring the relationship between frontal lobe scores and 

error rates on implicitures in enabling and canceling contexts are summarized in Table 11 

and depicted in Figure 4. There was no significant correlation between the frontal scores 

of participants and their error rates on implicitures embedded in enabling contexts (r = -

0.34, t = 1.81, p = .08). This non-significant result held across the impliciture subgroups. 

But, the frontal scores significantly correlated with participants’ error rates on 

implicitures presented in canceling contexts (r = -0.71, t = 5.05, p < .0001). The 

significant negative correlation was sustained across the impliciture subtypes. A 

comparison of the two correlations - frontal scores-enabling contexts and frontal scores-

canceling contexts - showed a significant difference (Z = 1.9, p = 0.025) (DeCoster, 2005 

following Steiger, 1980). For decision times there was no significant effect for canceling 

contexts, but we observed a significant correlation for enabling contexts (r = -.44, t = 

2.45, p = 0.04). However, this significant effect was not robust and disappeared after data 

from the slowest participant was excluded. 
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Table 11 
Correlations between frontal scores and error rates on implicitures embedded in enabling 
or canceling contexts.  
  Context Types  

Implicitures Enabling Canceling

Locative -0.21  -0.39*   

Temporal -0.18  -0.45* 

Possession -0.29   -0.65** 

Overall -0.34 -0.71**

* p < .05 

** p < .01 

 

Figure 4 
Correlations between error rates and frontal scores for implicitures presented in contexts.  
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 The reaction time and reading time results for older adults are summarized in 

Table 12. A 2 x 3 ANOVA with the context type and the impliciture type as factors was 

used to analyze the decision reaction times. There was a main effect of decision time in 

subject analyses (F1(1,26) = 5.75, p < .05), but not in analyses by items (F2(1, 19) = .36, 

p = .56). We observed a main effect of impliciture type (F1(2,52) = 30.21, p< .001; F2(2, 

38) = 17.25, p < .001), and a significant interaction between the two factors by subjects 

(F1(2,52) = 10.60, p < .001; F(2, 38) = 2.22, p = .12). T-tests for differences between 

decisions in enabling and canceling contexts revealed only one significant effect – for 

temporals in subject analyses (t1(26) = 5.02, p < 001).  

 
 
Table 12 
Experiment 4: Decision times, impliciture sentence reading times and context reading 
times on implicitures embedded in contexts tested in older adults.  
 
  Decisions  Implicitures  Contexts  
Context type   Difference  Difference  Difference
Locative             
 Enabling 2096 -167 1587 50 1393 137** 
 Canceling 1929  1637  1530  
Temporal        
 Enabling 2187 458** 1890 118 1585 63* 
 Canceling 2645  2007  1648  
Possession        
 Enabling 1857 313 1650 180* 1472 87 
  Canceling 2170   1830   1559   
Overall               
 Enabling 2058 112* 1703 127* 1480 79** 
  Canceling 2170   1830   1559   
* p < .05        
** p < .01        
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Sentence reading time: The frontal scores did not significantly correlate with 

impliciture reading times.  

A 2 x3 analysis of variance was conducted on the sentence reading time results 

with the factors of context type (enabling, canceling) and impliciture type (locatives, 

temporals, possession implicitures). There as a significant main effect for context type by 

subjects but not items (F1(1,26) = 6.59, p < .05; F2(1, 19) = 1.16, p = .30). The main 

effect for impliciture types was significant in both analyses (F1(2,52) = 10.71, p< .001, 

F2(2, 38) = 6.69, p < .01). The interaction between context types and impliciture types 

was not significant (F1(2,52) = 1.10, p = .34; F(2, 38) = 1,15, p = .33). Within the 

impliciture subtypes, only possession implicitures showed a significant effect for 

differences in sentence reading times between impliciture in enabling and canceling 

contexts (t(26) = 2.40, p < .05).  

 Context reading time: The frontal scores did not significantly correlate with 

impliciture context reading times.  

A two-way ANOVA with the factors of context type(2 levels) and impliciture 

type (3 levels) was performed on the average readings times for context. Since all 

contexts consisted of 8 lines, a value averaging across the 8 lines was used in the 

analyses. There was a significant main effect of context type by subjects (F1(1,26) = 

8.13, p < .01; F2(1, 19) = 1.61, p = .22), and a significant main effect of impliciture type 

by subjects (F1(2,52) = 28.62, p< .001; F2(2, 38) = 3.14, p = .06). The interaction 

between the two factors was not significant (F1(2,52) = 2.26, p = .11; F(2, 38) = 1.91, p = 

.18). T-tests on the differences in context reading time within the impliciture subtypes 
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revealed a significant effect for locatives (t1(26) = 3.27, p < .01; t2(19) = 2.12, p < .05) 

and temporals (t1(26) = 2.05, p < .05; t2(19) = .29, p = .39).  

 Comparisons for the high frontal and the low frontal groups: 

The high discrepancy between the results of subject (overall significant effects for 

decision time, sentence reading time and context reading time) and item analyses (no 

overall significant results) suggested that some of the effect might be due to notable 

difference between participants in our study. Therefore, we divided the original group of 

participants into two subgroups of participants with low frontal scores (less than 0) and 

high frontal scores (above 0). 17 participants were included in the low frontal group and 

10 participants were in the high frontal group.  

 Results for older participants with low frontal scores: 

 Results of analyses for older adults with low frontal scores are summarized in 

Table 13. 

Decisions: A 2 x 3 ANOVA (context type by impliciture type) was conducted on 

the data. There was not significant effect for context type (F1(1,16) = 1.52, p < .24) but 

there was a significant result for the main factor of impliciture type (F1(2,32) = 12.92, p 

< .001). The interaction between the two factors was significant as well (F1(2,32) = 4.88, 

p < .05). T-tests revealed a significant difference between decision times in enabling and 

canceling contexts for temporals (t1(16) = 3.48, p < .01) , but not the other impliciture 

subtypes. 

 Sentence reading time: Analyses of variance for sentence reading time with 

factors of context type (enabling, canceling) and impliciture type (locatives, temporals, 
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possession) showed that there was not significant effect for context type in the low frontal 

older adults (F1(1,16) = .98, p = .34). The differences between different impliciture 

subtype were significant (F1(2,32) = 10.02, p < .001). There as not interaction between 

the two factors (F1(2,32) = .50, p = .61).  

 Context reading time: 

 Finally, a 2 x 3 ANOVA for context reading time with the factors of context type 

and impliciture type revealed a significant effect of context type (F1(1,16) = 11.53, p < 

.01), a significant effect of impliciture type (F1(2,32) = 15.52, p < .001), and no 

interaction between the two factors (F1(2,32) = 2.54, p = .10). T-tests for the differences 

between enabling and canceling contexts within the impliciture subtypes showed a highly 

significant effect for locatives (t1(16) = 3.90, p < .01) and the other two impliciture types 

were marginally significant as well (temporals – t1(16) = 1.74, p = .051; possession 

implicitures – t1(16) = 1.60, p = .065).  
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Table 13 
Experiment 4 – Older adults with low frontal scores: Decision times, impliciture sentence 
reading times and context reading times on implicitures embedded in contexts. 
  Decisions  Implicitures  Contexts  
Context type  Difference  Difference  Difference
Locative              
 Enabling 2304 -236 1522 58 1479 219** 
 Canceling 2068  1580  1698  
Temporal        
 Enabling 2347 374** 1950 -14 1693 78 
 Canceling 2721  1936  1772  
Possession       
 Enabling 1999 77 1600 118 1545 100 
  Canceling 2076   1718   1644   
Overall               
 Enabling 2216 72 1690 54 1572 132** 
  Canceling 2288   1745   1705   
* p < .05        
** p < .01        

 
 
 Results for older participants with high frontal scores: 

 Table 14 shows summary of the results for older adults with high frontal scores.  

 Decisions: Decision reaction times of older adults with high frontal scores were 

analyses using a 2 x 3 ANOVA with the two factors of context type and impliciture type. 

There was a significant main effect of context type (F1(1,9) = 5.35, p < .05), a significant 

main effect of impliciture type (F1(2,18) = 23.45, p < .001), and the interaction between 

the two factors was significant as well (F1(2,18) = 8.80, p < .01). Analyses looking at 

differences in the effects between the different impliciture subtypes showed that the main 

effect of context type was primarily carried by the temporals (t1(1,9) = 3.6978, p < .01) 

whereas results for the other two impliciture types were not significant.  

 Sentence reading time: A 2 x 3 ANOVA with the factors of context type and 

impliciture type was also conducted on the sentence reading times in the group of older 
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adults with high frontal scores. The results showed a main effect of the context type 

(F1(1,9) = 8.59, p < .05), but there was no significant main effect impliciture type 

(F1(2,18) = 2.32, p = .16) and the interaction between the factors was not significant 

either (F1(2,18) = 1.91, p < .18). T-tests for context effects within impliciture subtypes 

revealed significant results for temporals (t1(9) = 2.08, p < .05) and possession 

implicitures (t1(9) = 3.64, p < .01).  

 Context reading time: Finally, an analysis of variance with the same factors as in 

case of previous measures (context type – 2 levels and impliciture type – 3 levels) was 

performed on the data. There was no significant effect for the context types (F1(1,9) = 

.02, p = .90). The results for the main effect of impliciture type were significant (F1(2,18) 

= 18.02, p < .001), but there was no interaction between the factors (F1(2,18) = 2.39, p = 

.12). There were no significant effects for the difference between reading of enabling and 

canceling contexts within the impliciture subtypes.  
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Table 14 
Experiment 4 – Older adults with high frontal scores: Decision times, impliciture 
sentence reading times and context reading times on implicitures embedded in contexts. 
 
  Decisions  Implicitures  Contexts  
Context type  Difference  Difference  Difference
Locative              
 Enabling 1744 -52 1698 37 1247 -2 
 Canceling 1692  1735  1245  
Temporal        
 Enabling 1915 601** 1788 342* 1400 36 
 Canceling 2516  2130  1436  
Possession       
 Enabling 1617 8 1735 372** 1348 -44 
  Canceling 1625   2107   1303   
Overall               
 Enabling 1759 185* 1740 250* 1332 -3 
  Canceling 1944   1990   1328   
* p < .05        
** p < .01        

 
 
 
3. Discussion: 
 The results of our examination of implicitures embedded in enabling and 

canceling context provide evidence that frontal lobes play an important role in pragmatic 

processing, but only when integration of linguistic context is required for correct 

interpretation of utterances. This was the case of implicitures presented in canceling 

contexts, where we observed a highly significant negative correlation between the frontal 

scores of older adults and their error rates.  In these contexts, to arrive at the correct 

response, which goes against the standardized default interpretation of the impliciture, the 

context has to be integrated with the impliciture in its final sentence. But, frontal lobe 

function is not, on our evidence, necessary to success with implicitures embedded in 

contexts congruent with the default meanings of implicitures. For those items, 
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participants can arrive at the correct response by pure reliance on the meaning of the final 

sentence without integration of the context preceding the sentence. As we mentioned in 

discussion of Experiment 3, processing of standardized implicitures might be associated 

with more posterior lexical areas of the brain.  

The similar performance of high and low frontals for this condition could also be 

due to relative ease in integration of enabling contexts with implicitures. Even though the 

context pairs were equated for complexity, the canceling contexts may place higher 

demands on integration because of the need to overcome the implicit bias of the 

impliciture. The findings looking separately at the decision reaction time and reading 

time results for the low frontal and high frontal group support this alternative. Whereas 

older participants with high frontal scores  showed significant effects for decision time 

and sentence reading time just like young adults in experiment 2, the low frontal group 

did not exhibit these effects and produced a significant results for context reading instead 

(see Table 15).  

It is also important to note that we observed significant differences in reaction 

times and effects for the different impliciture types in all the measures used. This 

suggests that there might be processing differences between different types of 

implicitures. Further examination specifically focusing on these differences is necessary 

in order to track possible sources of different processing patters across locative, temporal, 

possessive and other types of implicitures such as scalars.  

 Based on our results there is no simple answer to the question about involvement 

of frontal lobes in language pragmatics. While it is clear that frontal lobes are essential 
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for correct interpretation of pragmatic utterances when integration of linguistic context is 

heavily involved, it is not the case when correct inferences can be made based on 

standardized meanings of utterances. It is possible, that the involvement of frontal lobes 

in language pragmatics will vary not only according to reliance of context integration, but 

also across different pragmatic phenomena, and with respect to their degree of 

standardization.  

 
Table 15 
Summary of the significant effects in young adults, older adults with high frontal scores 
and older adults with low frontal scores.  
 
  Decisions  Implicitures  Contexts  
Group   Difference  Difference  Difference
Low F              
 Enabling 2216 72 1690 54 1572 132** 
 Canceling 2288  1745  1705  
High F        
 Enabling 1759 185* 1740 250* 1332 -3 
 Canceling 1944  1990  1328  
Young        
 Enabling 1190 129** 1024 59* 1154 25 
  Canceling 1319   1083   1179   
*p < .05        
**p < .01        
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CHAPTER 4   ELECTROPHYSIOLOGICAL CORRELATES OF 

IMPLICITURE PROCESSING 

After establishing the connection between processing of implicitures in canceling 

contexts and functioning of frontal lobes in Experiments 3 and 4, the purpose of 

Experiments 5 and 6 was to explore the involvement of frontal lobes in processing of 

implicitures using psychophysiological measures. EEG activity was recorded while 

participants were processing free-standing implicitures (Experiment 5) and implicitures 

embedded in supporting or canceling contexts (Experiment 6).   

Experiment 5 will investigate event related potential (ERP) responses to 

implicitures presented without context. We expect to observe an N400 to the final words 

in impliciture sentences. Experiment 6 will examine modulation of the ERP responses as 

a consequence of implicitures being presented in contexts. It is predicted that processing 

of implicitures in contexts that cancel the standardized implicit information, will result in 

context revision processes that will be reflected in a frontal component peaking in the 

400-500 ms range.  This activation may be more pronounced in the right frontal areas 

indicating the integration processes of the episodic buffer.  

 

A. Experiment 5 Event-related potentials in response to free-standing implicitures 

 Electrophysiological responses to impliciture and nonimpliciture sentences used 

in Experiments 1 and 3 were examined in this experiment. Since these sentences were not 

embedded in contexts we expected the traditional semantic integration effects in the 
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N400 range (Kutas & VanPetten, 1994).  Familiarity and higher frequency have been 

previously shown to attenuate the amplitude of N400. Therefore, we predicted smaller 

effects for final words in impliciture sentences than for non-implicitures. We also 

expected that distribution of the N400 for implicitures would be mostly posterior. In line 

with our findings in the previous two experiments with older adults, we did not expect the 

frontal lobes to be activated in any prominent way when free-standing implicitures are 

being processed. 

 

1. Methods: 

 Participants: 22 right handed young adults (average age 21, range 18-37; 6 male, 

16 female) who were native speakers of English participated in this experiment. All of 

them were students at the University of Arizona. They did not have any history of 

neurological or psychiatric problems, were not on any medication, and did not have 

immediate family members (parents and siblings) who were left-handed. 13 of them 

participated in the study to fulfill a credit requirement, 9 were paid for their participation. 

 Materials: Impliciture and non-impliciture sentences previously used in 

Experiments 1 and 3 were the stimuli in this experiment. They were organized 

pseudorandomly into three blocks as in previous experiments.  

Procedure: Preceding each sentence, the phrase ‘Somebody said’ was presented 

for 500 ms followed by a blank screen for 655 ms. Sentences were presented word by 

word. Each word was presented for 200 ms followed by a blank screen interval that was 

word length dependent – 37 ms for each character in the word. After the final word in the 
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sentence, there was a blank screen interval of 1100 ms plus an interval dependent on the 

number of characters in the word. Afterwards, the decision display with an impliciture 

probe and a non-impliciture probe was presented and disappeared when a participant 

responded, or after a timeout of 5000 ms. Participants were pressing ‘RIGHT’ and 

‘LEFT’ labeled buttons on a computer mouse with the index finger and the middle finger 

of their right hand. There was a 1500 ms blank screen period after participant’s response 

and before the beginning of the next trial. The stimulus presentation sequence is depicted 

in Frigure 5.  

 
Figure 5: 
Stimulus presentation sequence for Experiment 5. 
 

 
Somebody said, 

 
It’s 

 
 
a 
 

 
beautiful 

 
 

afternoon. 

 
Where? 

HERE       THERE 
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EEG recording: The EEG data was recorded with Ag/AgCl electrodes placed on 

64 sites following the extended 10-20 system. The electrodes were referenced to the left 

mastoid and off-line re-referenced to the average voltage of both mastoids. Additional 

four electrodes were used to monitor eye blinks – one below the left eye, one above the 

left eye and two in a horizontal position next to eyes. The impedances of the electrodes 

were reduced below 5 kΩ. EEG and EOG data were recorded continuously with a low-

pass filter of 70 Hz and digitized online with a sampling rate of 500 Hz. The recording 

was locked onto the presentation of the final word in the sentence. 

 Using Neuroscan software the EEG data was scanned for eye movements and 

other artifacts. Using Samslitch method the eye artifacts were removed from the data in 

the Neuroscan software. Trials containing additional artifacts were rejected. A low pass 

filter of 15 Hz was applied on the data. For the following analyses, electrode sites were 

pooled together to define nine regions of interest: left anterior (F7, F5, F3, FC5, FC3), 

midline anterior (FPZ, FZ, AF3, AF4, F1, F2), right anterior (F8, F6, F4, FC6, FC4), left 

central (C3, C5, T7, FT7, CP3), midline central (FCZ, CPZ, C1, C2, CP1, CP2), right 

central (C4, C6, T8, FT8, CP4), left posterior (CP5, TP7, P5, PO7, PO5), midline 

posterior (POZ, PZ, P3, P4, P1, P2), and right posterior (CP6, TP8, P6, PO8, PO6).  

 

2. Results: 

 Behavioral results:  

 The accuracy rate for implicitures without context across the subtypes was 91%, 

ranging from 89% possession implicitures to 94% for locatives. These results 
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(summarized in Table 16) are comparable with the rates in Experiment 1 with young 

adults and Experiment 3 with older adults.  

 

Table 16 
 Experiment 5: Accuracy rates for free-standing implicitures measured as a bias towards 
the impliciture-probe response. 
 
Impliciture Accuracy 
Type % agreement 
Locative 94 
  
Temporal 90 
  
Possession 89 
  
Overall 91 
    

 

 A 2 x 3 ANOVA with the factors of sentence type and impliciture type was 

conducted on the data. The average reaction times and differences between conditions are 

depicted in Table 17. The results revealed a significant effect of sentence type (F1(1,21) 

= 59.77, p < .001), and significant main effect for impliciture type (F1(2,42) = 7.68, p < 

.01). The interaction between the two factors was significant as well (F1(2,42) = 10.67, p 

< .001). T-tests comparing the three impliciture subtypes with non-implicitures of 

comparable length and structure showed significant results for all the subtypes (locatives 

- t1(1,21) = 7.54, p < .001; temporals - t1(1,21) = 4.71, p < .001; possession implicitures - 

t1(1,21) = 6.22, p < .001).  

 
 
 

  



 
 
 
 88
 
   
Table 17 
Experiment 5: Decision reaction time to free-standing implicitures and non-implicitures. 
 
Impliciture  Decisions  
Type   Difference
Locative       
 Impliciture 997 420** 
 Non-Impliciture 1417  
Temporal    
 Impliciture 1270 188** 
 Non-Impliciture 1458  
Possession   
 Impliciture 1018 421** 
  Non-Impliciture 1440   
Overall       
 Impliciture 1095 343** 
  Non-Impliciture 1438   
* p < .05    
** p < .01    

 
  

Event-related potential analyses: 

 Following our expectations about an N400 in response to the experimental 

sentences, the event potential analyses focused on the 300-500 ms window. Overall, we 

observed an N400 component that was more pronounced for the non-impliciture 

sentences and was more prominent at the central and posterior sites. Differences in 

negativity across the anterior, central and posterior sites were compared using analyses of 

variance.  

A two way ANOVA for the anterior regions with the main factors of sentences 

type (impliciture, non-impliciture) and electrode site (16 locations) revealed a significant 

effect of electrode site (F(15, 285) = 3.64, p < .001) and no other significant effects.  
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At the central sites, a 2 x 16 ANOVA with the same factors showed a significant 

effect of sentence type (F(1,19) = 6.70, p < .05). There was no main effect of electrode 

site, but we observed a significant interaction between the two factors (F(15, 285) = 4.32, 

p < .001). Within the central region, the same pattern of results held for the midline 

central (F(1,19) = 7.24, p < .05; interaction – F(5, 95) = 3.26, p < .01) and right central 

regions (F(1,19) = 6.32, p < .05; interaction – F(4, 76) = 6.98, p < .001). There were no 

main effects in the left central region, even though the factor of sentence type was 

approaching significance (F(1,19) = 3.98, p = .06), but there was a significant interaction 

between the sentence type and the electrode site (F(4, 76) = 8.57, p < .001). 

A 2 x 16 ANOVA with the same factors as at the anterior and central sites was 

also conducted in the posterior region. The results showed a significant main effect of 

sentence type (F(1,19) = 8.56, p < .01) and no other significant effects. 

 A sample of the data at selected electrodes summarizes the effects in Figure 6. 
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Figure 6 
Experiment 5: Event-related brain potentials elicited by sentence-final words in free-
standing impliciture sentences.  
Legend: red color – implicitures, green color – non-implicitures. 
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3. Discussion:  

 Just like in Experiments 1 and 3, the behavioral results confirmed that 

implicitures are responded to faster than non-implicitures. Based on our ERP findings, 

both implicitures and non-implicitures elicited a negative going component peaking about 

400 ms after the onset of the sentence final word, with more central and posterior 

distribution. These characteristics are consistent with the N400 that reflects semantic 

integration processes. The N400 had significantly higher amplitude for non-impliciture 

sentence compared to implicitures at the central and posterior sites. This result is not 

surprising if we consider that implicitures are standardized utterances, and thus have the 

advantage of higher familiarity and possibly higher frequency in contrast to non-

impliciture sentences used. This results in lower semantic integration demands reflected 

in diminished N400. It is important to note that the observed effects may be reversed if 

novel utterances with implicit meanings are examined. This again shows how important 

the issue of standardization and assessment of the dominant meaning of an utterance is 

when pragmatic processes are investigated. 

 

B. Experiment 6 Event-related potentials in response to implicitures in context 

This experiment examined electrophysiological responses to implicitures 

embedded in enabling and canceling contexts, just as in Experiments 2 and 4.  Results of 

the previous experiments showed that impliciture sentences undergo more complex 

processing in cancelling than in enabling contexts. We expected that these higher 

integration demands would be reflected in ERP responses in the frontal areas.  We 
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hypothesized that, rather than a linguistic N400, a negative component in the frontal areas 

peaking around 470 ms after the onset of the sentence final word would be observed 

(Brass et al., 2005). This frontal component was previously reported in task switching 

literature as reflecting the initiation of switch and the context reintegration efforts (ibid.). 

For implicitures embedded in enabling contexts we expected a diminished frontal 

activation. This would be because of smaller integration requirements when the context 

and the content of the final sentence match.  

 

1. Methods: 

 Participants: The same group of participants as in Experiment 5 was tested right 

after they finished Experiment 5.  

 Materials: This experiment used implicitures presented in either enabling or 

canceling contexts as in Experiments 2 and 4.  

 Procedure: The contexts were presented line by line using a self-paced reading 

procedure – participants were pressing a button with their left hand to move through the 

contexts. The final impliciture sentence of each context was presented word by word, 

following the procedures described in Experiment 5. The presentation of the decision 

display was also the same as in the previous experiment. Participants were pressing 

‘RIGHT’ and ‘LEFT’ labeled buttons on a computer mouse with the index finger and the 

middle finger of their right hand. EEG recording procedures were the same as in 

Experiment 5.  
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2. Results: 

 Behavioral results:  

 Decisions: Context compliance rates for decision in both enabling and canceling 

contexts were high in Experiment 6. Participants selected the impliciture-probe in 

enabling contexts in 94% of cases. Non-impliciture probes were preferred in canceling 

contexts in 91% of cases. Context compliance rates for impliciture subtypes are listed in 

Table 18.  

 

Table 18 
Experiment 6: Context compliance rates for implicitures embedded in enabling and 
canceling contexts. 
 
Impliciture Context Type 
Type Enabling Canceling 
Locative 95 90 
   
Temporal 95 93 
   
Possession 94 91 
   
Overall 94 91 
      

 
 

An analysis of variance was conducted on the decision reaction times testing the 

significance levels of two main factors – the context type and the impliciture type. The 

results are summarized in Table 19. There was no significant effect of context type 

(F1(1,21) = .25, p = .62), but the analysis revealed a significant main effect of impliciture 

type (F1(2,42) = 25.09, p < .001). The interaction between the two factors was significant 
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as well (F1(2, 42) = 5.29, p < .01). T-tests for effects of context type within the 

impliciture subtypes showed that there was significant result for locatives (t1(1,21) = 

2.21, p < .05), but this effect went in the opposite direction – decisions in enabling 

contexts took longer than in canceling contexts. There was also a significant effect for 

temporal in the predicted direction (t1(1, 21) = 4.81, p < .001). Possession implicitures 

did not show a significant difference in decision reaction times in enabling and canceling 

contexts.  

 
Table 19 
Experiment 6: Decision times and context reading times for implicitures embedded in 
enabling and canceling contexts. 
 
  Decisions  Contexts  
Context type  Difference  Difference 
Locative          
 Enabling 986 -86* 1117 -15 
 Canceling 899  1103  
Temporal      
 Enabling 1122 119* 1229 16 
 Canceling 1241  1246  
Possession     
 Enabling 989 52 1145 37 
  Canceling 1041   1182   
Overall           
 Enabling 1032 9 1164 18 
  Canceling 1041   1182   
* p < .05      
** p < .01      

 
 

 Context reading time: A 2 x 3 ANOVA (context type, impliciture type) was 

conducted on the data to examine differences in reading times between enabling and 

canceling contexts. There was no significant result for the factor of context type 
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(F1(1,21) = .63, p = 44). There was a significant main effect for impliciture type 

(F1(2,42) = 33.96, p < .001). Interaction between the two factors was not significant 

(F1(2,42) = 2.48, p = .10), and there were no significant effects of the enabling/canceling 

differences for any of the impliciture subtypes.  

 Event-related potential analyses:   

 Negative 350-550 ms effects: Visual exploration of the data pointed to a negative 

component peaking between 460-490 ms after the onset of the sentence final word that 

was more prominent for implicitures in enabling context (see Figure 7). Analyses of 

variance were conducting at the anterior, central and posterior sites to assess the size of 

the difference between the enabling and canceling conditions. Average amplitude values 

across the 350-550 ms window were used in the analyses. 

 An ANOVA with the main factors of context type (enabling, canceling) and 

electrode site (16 levels) was performed on the data. There was a significant effect of 

context type (F(1,19) = 4.62, p < .05), no effect of electrode site and no significant 

interaction between the two factors.  

 At the central sites, a 2 x 16 ANOVA with the same factors did not show a 

significant effect of context type, even thought it showed a trend toward a significant 

result (F(1,19) = 3.93, p = .06). There was a significant effect of electrode site (F(15,285) 

= 2.6, p < .01), but the interaction between the two factors was not significant. 

 In the posterior region, a 2 x 16 ANOVA (context type by electrode site) did not 

show any significant effects of the context type. There was significant main effect of 

  



 
 
 
 96
 
   
electrode site (F(15,285) = 4.86, p < .001). There was no interaction between the two 

factors. 

   

Figure 7 
Experiment 6: Event-related brain potentials elicited by sentence-final words of 
implicitures embedded in enabling and canceling contexts. Focus is on the negative 
component in the 400-500 ms range at the anterior sites. 
Legend: blue color – implicitures in enabling contexts, green color – implicitures in 
canceling contexts, red color – a comparison wave in response to free-standing 
implicitures from Experiment 5.  
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Late positivities: Graphic depiction of the event related potentials to implicitures 

in enabling and canceling contexts pointed to a late positive component that was more 

pronounced for the canceling condition (see Figure 8). We examined this late positivity in 

the 550-850 window at anterior, central and posterior sites. 

 An analysis of variance with the two factors – context type (2 levels) and 

electrode side (16 levels) – was first used to assess possible effects at the anterior sites. 

The results did not yield any significant effects. 

 The same type of ANOVA was conducted at central sites. There was no 

significant effect of context type, but the main effect of electrode site was significant 

(F(15,285) = 5.09, p < .001). There was no significant interaction between the factors of 

context type and electrode site. 

 Finally, a 2 x 16 ANOVA was performed on the data from the posterior region. 

There was no significant effect of context type. The main effect of electrode site was 

significant (F(15,285) = 10.64, p < .001) and the interaction between the two factors 

approached significance (F(15,285) = 1.62, p = .07). 
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Figure 8 
Experiment 6: Event-related brain potentials elicited by sentence-final words of 
implicitures embedded in enabling and canceling contexts. A positive component that 
was most prominent at the posterior sites. 
Legend: blue color – implicitures in enabling contexts, green color – implicitures in 
canceling contexts, red color – a comparison wave in response to free-standing 
implicitures from Experiment 5.  
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3. Discussion: 

 Experiment 6 investigated event-related potentials to implicitures embedded in 

contexts matching their implicit meanings and context canceling their preferred 
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interpretation. We expected the higher processing demands in the case of canceling 

contexts to be reflected in a more pronounced negative component at the frontal sites. 

Our findings revealed a negative component with anterior distribution in the 350-550 ms 

window. There was no semantic N400 associated with posterior areas. These results 

supported our hypothesis that context appropriate integration processes are associated 

with frontal areas of the brain. However, based on our predictions we expected this 

negative component to be more pronounced for the canceling context condition – as a 

reflection of higher integration demands under these circumstances. Contrary to that, the 

negative component showed higher amplitude for the enabling context condition. We 

speculate that this finding may be the result of earlier integration of implicitures in 

enabling contexts, whereas the canceling condition requires more time for integration and 

thus does not show such a prominent effect in the 350-550 ms window. Following this 

argument, it would be possible that the more demanding integration of implicitures in 

canceling contexts is reflected in later positive components. While visual investigation of 

the data suggested this possibility, the statistical analyses were not significant, even 

though they showed a trend in the expected direction in some cases. This insignificant 

result might be genuine, or due to factors such as sites chosen for analyses or high 

variability across the subjects. Additional analyses and testing may shed more light on 

these results.  

 Finally, we should note that the behavioral findings did not show the decision 

effects observed in Experiments 2 and 4. It is likely, that these effects were diminished by 

the presentation mode chosen in this experiment. A word by word presentation of the 
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impliciture sentence may have encouraged immediate integration of the sentence with the 

context. In addition, the delay of more than 1100 ms after the final word of the 

impliciture sentence may have created the time for integration of the sentence with the 

context before the actual question about the sentence meaning was encountered. Thus the 

earlier observed effects were likely diminished due to the delayed presentation of the 

decision display. 

 Overall, the exploration of event-related potentials in response to implicitures 

pointed to some interesting observations about processing of implicitures context-free 

and embedded in contexts. While context-free processing seems to rely on sentence 

integration processes reflected in the semantic N400, implicitures in context seem to 

engage different processes associated with frontal areas. This lends further support to our 

findings with older adults. Nature of these frontal processes needs to be further examined.  
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CHAPTER 5   FROM THE ‘STANDARD’ MODEL TO THE 

HIERARCHICAL ACCOUNT OF FRONTAL PROCESSES IN 

LANGUAGE PRAGMATICS 

In six experiments we examined interactions between executive function 

processes and language pragmatics using behavioral, neuropsychological and 

electrophysiological methods. The study started with initial explorations of implicitures 

presented with or without context to evaluate how processing of the standardized 

meaning under these conditions is reflected in reaction time measures. After establishing 

the basic effects, the experimental materials were used in older adults with varying 

degrees of frontal function and the relationship between the frontal function and the 

performance of participants was examined. Finally, electrophysiological measures were 

used in two exploratory experiments to examine event-related markers of impliciture 

processing. The results will now be considered in relation to the models of pragmatic 

processing and related issues outlined in the introductory chapter. 

 

A. A preliminary model of impliciture processing 

The issue of mandatory processing of literal meanings (or minimal propositions) 

has been central to the experimental explorations, and theoretical models, of pragmatic 

processing since the first research studies in 1970’s (starting with Clark and Lucy, 1975; 

recently Bezuidenhout and Cutting, 2002). As noted by some researchers early on 

(Ortony et al, 1978; Glucksberg et al., 1982; Janus and Bever, 1985), processing of 
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pragmatic inferences strongly depends on standardized or novel nature of the utterances 

under investigation. But, consequences of this issue for the models of pragmatic 

processing have not been fully considered.  

 Results of experiments reported here for  free-standing implicitures clearly show 

that for the classes of standardized implicitures we examined - namely locative, temporal, 

and possession implicitures – there is a preferred interpretation that native speakers of 

English agree on. But, this dominant interpretation is not the literal meaning of the 

impliciture sentence. This observation shows that a standard model proposing a 

mandatory inference of a literal interpretation of a pragmatic utterance is not a suitable 

account of how standardized implicitures are processed. Based on our findings, a more 

appropriate model of impliciture processing would stipulate that a dominant 

interpretation of an utterance depends on standardization procedures. It is possible that 

the literal first preference would apply to utterances without a standardized meaning, but 

our results do not speak to this issue. 

 After establishing that standardized implicitures we examined have an implied 

dominant interpretation, the next issue addressed pertained to processing of the preferred 

meaning in context. The main issue concerned the necessity to retrieve the dominant 

meaning in a context favoring the non-standardized interpretation of an impliciture. This 

is an important issue distinguishing models emphasizing redundancy of dominant 

meaning processing if the context contradicts this meaning (for example the LPP model 

based on relevance theory by Sperber and Wilson, 1986: Bezuidenhout & Cutting, 2002), 

and models that postulate interference from the dominat meaning in such situations 
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(conceptualized variously as the parallel models or serial models by Shapiro and Murphy, 

1993 and Bezuidenhout and Cutting, 2002). Our results showed that standardized 

meanings of implicitures presented in contexts contradicting their preferred interpretation 

cause interference in processing that results in longer reading times of implicitures and 

longer decision times about their meaning compared to presentation in agreeing contexts. 

These findings are not in compliance with relevance based accounts, but do not 

distinguish between models that would postulate the dominant meaning being processed 

first (serial model) or in parallel (parallel models) with the context compliant meaning.  

Our data from older adults  and ERP results addressing the involvement of frontal 

lobes in processing of implicitures lend further support to the conclusion favoring 

dominant meaning first models (whether parallel or serial). Involvement of frontal 

function can be interpreted as an indicator of context integration processes applying 

world knowledge and other domain-general information in order to infer a meaning of an 

utterance. According to the relevance-based accounts, the context is always necessary in 

specifying the interpretation of an utterance, and therefore, one would expect frontal 

involvement in both enabling and canceling contexts. We found a relationship between 

frontal function and processing of implicitures in canceling contexts, but this was not the 

case for implicitures in contexts favoring their default interpretation (Experiment 4). It 

cannot be claimed on the basis of these results that frontal activity was absent, of course, 

but the evidence suggests less reliance on such processes when the impliciture default is 

appropriate. Importantly, there was no relationship between processing of context-free 

implicitures and frontal function suggesting that one can arrive at the correct 
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interpretation of the impliciture without context restricting operations by reliance on 

more posterior, possibly lexical, processes. The ERP results provided further support to 

these finding. While free-standing implicitures elicited an N400 in central and posterior 

areas, implicitures presented in contexts were associated with an anterior component 

peaking in a late 400 ms window. 

 In summary, findings of this study indicate that a dominant meaning first model is 

more suitable for explaining the processing of standardized locative, temporal, and 

possession implicitures. In this model, the dominant meaning is understood as the 

preferred interpretation of utterances in a context-free presentation, which is, in our case, 

the standardized meaning of implicitures. Further research is needed to determine the 

serial or parallel nature of such a mechanism.  

 

B. Frontal lobes in language pragmatics 

 Our examination of the role of frontal lobes in language pragmatics was primarily 

motivated by the debate about neural substrates of pragmatic processing. Traditionally, it 

has been claimed that the holistic processing of the right-hemisphere is essential for 

proper use of language in context (Myers, 2001, Myers, 2005), but recent accounts point 

to involvement of frontal lobes in pragmatics (McDonald & Pearce, 1998; Bernicot & 

Dardier, 2001). This issue was examined using a population of older adults with varying 

degrees of frontal function and using ERP data.  

The results of our experiments with older adults showed that frontal lobes are 

involved in pragmatic processing that requires suppression of the dominant meaning of 
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an utterance and integration of the alternative meaning with the context. But, frontal 

lobes were not necessary for correct interpretation of implicitures in enabling contexts 

and without contextual constraints. Null results in the later two conditions were 

interpreted in terms of possible reliance on more posterior lexical processes in those 

tasks.  We concluded that the involvement of frontal lobes in processing of implicitures 

depends primarily on the necessity to integrate context with the utterance. Possibly, 

inhibition of the dominant meaning and monitoring of the correct interpretation are also 

involved.  

Examination of implicitures with and without context using ERP recording lent 

further support for involvement of frontal lobes when integration of context with an 

impliciture is important. Whereas context-free implicitures activated an N400 in the 

posterior and central areas (Experiment 5), implicitures in context elicited a negative 

going component in the later 400 ms range that was dominant at the anterior sites 

(Experiment 6).  

 Finally, we can relate our findings to general considerations of the 

cognitive and neural architecture underlying pragmatic processing. In his consideration of 

modular processes in language pragmatics, Kasher (1991) suggested that conversational 

implicatures are part of Central pragmatics, which involves application of rational 

intentional strategies, and is thus non-modular. Involvement of frontal lobes in processing 

of implicitures (generalized conversational implicatures in Grice’s (1975) terms) 

embedded in canceling context could serve as evidence supporting Kasher’s hypothesis. 

But, contrary to the Kasher, we also found lack of frontal involvement in processing of 
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free-standing implicitures, and implicitures in enabling contexts in older adults. As our 

findings show, the subcategory of generalized conversation implicatures, at least 

standardized locatives, temporals and possession implicitures, seems to act as a part of 

Central Pragmatics only when suppression of their dominant meaning is required. This 

suggests that the category of conversational implicatures as a whole can not be 

conceptualized as a part of Central Pragmatics. It might be that the subtype of 

particularized conversational implicitures, marked by heavy reliance on context, will be 

shown to operate on the principles of Central pragmatics.  It could be that involvement of 

frontal lobes will vary not only based on the context integration processes, but also across 

different classes of pragmatic phenomena. Moreover, different processing might be 

associated with specific subtypes within the class – processing of implicitures other than 

standardized locatives, temporals and possession implicitures we examined might employ 

slightly different neural substrates.  

 

In summary, this project provided evidence in support of the involvement of 

frontal lobes in language pragmatics when integration of a pragmatic utterance with the 

context is required. Consequences of these findings for current models of impliciture 

processing and theories of cognitive and neural architecture underlying language 

pragmatics were considered. Future research focusing on converging evidence from 

different on-line experimental methods combined with new theoretically distinctions will 

be needed to further elucidate the mechanism connecting executive function with 

language pragmatics. 
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APPENDIX 1: EXAMPLE OF A TEMPORAL IMPLICITURE 

EMBEDDED IN AN ENABLING AND A CANCELING CONTEXT 

(USED IN EXPERIMENTS 2, 4, 6) 

 
 
 

Example of an enabling context: 
 

Taking a coffee break: You are Penny 
Susie looks at the clock and notices its past 

coffee time. She gets up from her desk in the 
workroom at Raytheon headquarters. 
She stops at Penny’s desk and says: 

‘Hi, I am ready --let’s go across the street 
to Starbucks and get some espresso. 

Penny replies, ‘Sorry Susie, 
I had a coffee break.’ 

 
WHEN? 

ONCE   TODAY 
 

 
 
 

Example of a canceling context: 
 

Working conditions: You are Susie 
Susie is working at her second temp job  

and describing it to friend Penny. 
 ‘These guys at my new job are slave drivers. 

 There’s no letup from 8-12. The job I had 
 last month was a better deal.  

On that job, they were a lot nicer. 
They didn’t treat us like short term help. 

I had a coffee break.’ 
 

When? 
TODAY    ONCE 
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APPENDIX 2: EXAMPLE OF A POSSESSION IMPLICITURE 

EMBEDDED IN AN ENABLING AND A CANCELING CONTEXT 

(USED IN EXPERIMENTS 2, 4, 6) 

 
 
Example of an enabling context: 
 

Buying art works: You are the woman in the black hat 
A woman in an expensive silk dress and 

black hat sat at the front during the art auction. 
Few except the auctioneer could observe her. 

Her bidding signals were also concealed 
from others. Her hands were in her lap. 

When she wanted to bid, she waited quietly 
until the auctioneer looked her way and then 

she lifted a finger. 
 

Whose? 
HIS   HERS 

 
 
 
 
Example of a canceling context: 
 

Investigating the crime: You are Dr. Scarpetta 
The famous coroner Dr. Kay Scarpetta 
is carefully investigating a crime scene. 

She is a very smart lady doing difficult work. 
The victim is a young man sprawled on the floor. 

His hand clutches a scrap of paper with writing on it. 
Dr. Scarpetta cautiously examined the man's hand 

and was able to remove the paper after 
she lifted a finger. 

 
Whose? 

HERS   HIS 
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