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       Empirical evidence for an inflationist lexicon 
  Abstract:     Although Generative and Cognitive grammars both assume that some 
linguistic forms are stored as wholes while others are strung together from simpler 
parts, they differ with respect to the units that may be stored in the lexicon, and 
therefore in the rules that combine them. Within the Generative framework, the 
determining factor for storage is regularity. In contrast, for Cognitive grammari-
ans frequency of use is an important factor determining whether a form is stored 
as a whole or (de)composed on-line.  

  The studies summarized in this paper show that speakers are sensitive not 
only to the (continuous) frequency/probability of use of single words but also 
of compositional bigrams  (I really),  trigrams  (I really like),  and quadgrams  
(I really like it).  They clearly support the Cognitive view of a redundant, inflati-
onist lexicon that is comprised of a myriad of more or less entrenched linguistic 
units of different lengths. Implications regarding the entrenchment of N-grams, 
the opacity of an entrenched N-gram, and the threshold for holistic storage of an 
N-gram are discussed.  

  Keywords: the mental lexicon; multi-word sequences; lexical bundles; self-paced 
reading; immediate free recall; speech production, ERP.  
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 1 Introduction 
 Dual-route models of language assume that some linguistic forms are stored and 
retrieved as wholes while others are composed from simpler parts via rules. Gene-
rative and Cognitive grammars are two examples of dual-route models, which 
differ, among other things, with respect to what is stored in the lexicon and what 
is not. Within the Generative framework (e.g., Chomsky 1993; Jackendoff 2002; 
Halle and Marantz 1993; Marantz 1995), regular forms are computed online (e.g., 
 ask  +  -ed  →  asked ;  drown  +  -ed  →  drowned  ) whereas irregular forms are stored 
and retrieved as wholes (past tense of  see  is  saw ). However, for Cognitive gram-
marians, (e.g. Langacker 19987, 1991; Bybee and Hopper 2001; Croft 2007; Gold-
berg 2009), infrequent forms are generated from smaller parts (e.g.,  drown  +  -ed  
→  drowned  ) whereas frequent ones are stored/retrieved as wholes (past tenses of 
 ask  and  see  are  asked  and  saw ). 
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 In a similar fashion, regular multi-word sequences such as  I really like it  (i.e. 
multi-word sequences that can be interpreted on a word-by-word basis, which may 
or may not have a specialized unitary meaning) are, in the Generative framework, 
composed through grammatical rules from atomic units but irregular ones such 
as  grow in the telling  ‘the more you tell it, the larger, wilder, better, etc. the story 
gets’ are stored and retrieved as wholes. Under the Cognitive view, frequently used 
multi-word sequences, whether regular or irregular, are stored and retrieved as 
wholes whereas infrequent ones are composed via rules from subordinate parts 
(shorter multi-word sequences, e.g.,  I really ,  really like it , and/or individual words, 
e.g.,  I ,  like ). It follows that the Generative lexicon is a streamlined, atomic one 
while the Cognitive lexicon incorporates redundancy and is thus inflationist. 

 Although there is evidence for both the Generative (e.g., Embick et al. 2000; 
Pinker and Ullman 2002; Grodzinsky and Friederici 2006; Newman at al. 2007; 
Marslen-Wilson 2007) and the Cognitive views (e.g. Arnon and Snider 2010; Bybee 
and Scheibman 1999; Bybee and Hopper 2001; Schmitt et al. 2004, Joanisse and Sei-
denberg 2005; Bybee 2007; Jiang and Nekrasova 2007, Wray, 2002, 2008; Goldberg 
2009), the jury is still out on the question of what is stored and what is not (Weinert 
2010). In this paper, we present further evidence lending support to the latter view. 

 2 Lexical bundles and self-paced reading 
 In Tremblay et al. (2011), we investigated the idea put forth by Biber et al. (1999) 
that lexical bundles are stored and processed holistically. 1  To do this, we ran 
three self-paced reading experiments modelled after Schmitt et al. (2004) where 
we compared four- and five-word lexical bundles such as  I don’t know what  and 
 in the middle of the  to matched non-lexical bundles, for example  I do know what  
and  in the front of the . We reasoned that if lexical bundles are stored and ret-
rieved as single units they would be read more quickly than comparable non-
lexical bundles. Indeed, retrieving one lexical bundle from memory ought to be 
faster than accessing four or five individual words and stringing them together 
via grammatical rules. 

 Lexical bundles were defined as having a frequency of occurrence of ten per 
million or more while five-word bundles had a frequency of at least five per million 
(Biber et al. 1999). Frequency counts were taken from the  BYU: British National 
Corpus  (BNC; Davies 2004). Lexical bundles and non-lexical bundles differed in 

  1  “Time pressure makes it more difficult for speakers to exploit the full innovative power of 
grammar and lexicon: instead, they rely heavily on well-worn, prefabricated word sequences, 
readily accessible from memory”. (Biber et al. 1999: 1049. Also see Schmitt 2005). 
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one word only, which, in lexical bundle sequences, was never shorter or more fre-
quent than in the other type of sequence. This was done in order to ensure that any 
reading advantages stemming from lexical bundles could not be attributed to these 
words. Indeed, it is well established that shorter or more frequent words (e.g.  do  
and  front ) are processed more quickly than longer or less frequent ones ( don’t  and 
 middle ). It is important to note that in non-lexical bundle sequences the great majo-
rity of these words were shorter and more frequent. Thus, if lexical bundles have no 
psychological reality, non-lexical bundle sequences ought to be read faster. Both 
types of sequences were embedded in the same carrier sentences (e.g.  I sat _____ 
bullet train  for the  in the middle of the  /  in the front of the  stimulus pair) in an effort 
to control for confounding factors that may arise at the sentential level. 

 Participants either saw a sentence containing a lexical bundle (e.g.,  I sat in 
the middle of the bullet train ) or one containing its non-lexical bundle counterpart 
( I sat in the front of the bullet train ). In the first self-paced reading experiment, 
the first word of a sentence was presented in the centre of a computer screen 
(see Figure 1A). To see the following word, participants pressed the space bar. 
Reading times were defined as the time elapsed from the appearance of a word 
on the screen to the time when a participant pressed the space bar to see the 
next word. In the second experiment, participants saw the first portion of a sen-
tence. The second portion, which contained the (non-)lexical bundles of interest, 
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Figure 1: (A) Word-by-word self-paced reading: Participants pressed the space bar to see the 
next word. (B) Portion-by-portion self-paced reading: Participants pressed the space bar to see 
the next portion. (C) Sentence-by-sentence self-paced reading: Participants pressed the space 
bar to see the next sentence.
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and the third portion appeared after participants pressed the space bar (once for 
each portion; see Figure 1B). In the third experiment, a sentence was presented 
in its entirety and participants pressed the space bar to see the next sentence (see 
Figure 1C). 

 In all three experiments, lexical bundles and sentences containing lexical 
bundles were read faster on average than their non-lexical bundle counterparts 
(13 milliseconds faster in the first experiment, 124 milliseconds in the second one, 
and 389 milliseconds faster in the third one; a millisecond is a thousandth of a 
second) thus lending support to the hypothesis put forth by Biber et al. (1999). 

 3 Lexical bundles and sentence recall 
 The lexical bundle facilitatory effect was replicated in two follow-up word and 
sentence recall experiments reported in Tremblay et al. (2011). In these experi-
ments, which were modelled after Savin and Perchonock (1965), the sentences 
containing lexical bundle and non-lexical bundle sequences used in the three 
self-paced reading experiments described above were presented either visually 
(Figure 2A) or auditorily (Figure 2B). They were followed by a series of six mono-
morphemic words of equal length and frequency of use (e.g.  date ,  dice ,  male , 
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Figure 2: (A) Visual sentence and word recall. (B) Auditory sentence and word recall. 
Participants are asked to remember a sentence and six words for later recall.
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 page ,  pool ,  tape ). The task was to remember the sentence and as many single 
words as possible. 

 The idea underlying these experiments is that an individual’s working 
memory can contain up to 7 ± 2 units (Miller 1956). If lexical bundles are stored 
and retrieved as single units, then committing such a sequence to memory would 
require one slot. Non-lexical bundles, however, would require four or five slots 
(one for each word). Therefore, it ought to be easier to correctly recall sentences 
that contain lexical bundles because one would need to retrieve fewer units from 
memory. In other words, there would be fewer opportunities for one to retrieve 
the wrong unit or to substitute a unit that one doesn’t remember with another 
one. Moreover, there ought to be plenty of space left to store additional words 
when a sentence contains a lexical bundle, but not when it contains a non-lexical 
bundle. 

 In both the auditory and visual modalities, sentences containing lexical 
bundles were more accurately recalled than those that did not. Tremblay et al. 
(2011) also found that, in the visual modality only, more words were recalled after 
sentences containing lexical bundles. These results suggest, again, that lexical 
bundles are psychologically real. 

 4  From lexical bundles to non-idiomatic 
multi-word sequences 

 In the latter five experiments, we strictly looked at the effects of the frequency of 
occurrence of four- and five-word lexical bundles on processing, keeping other 
things constant. It is possible, however, that single word frequencies  as well as  
the frequency of smaller sequences contained within longer ones also affect pro-
cessing. This would lend further support to the inflationist lexicon. If th  is is   the 
case, one may wonder whether linguistic processing occurs in a cascaded, staged 
fashion (e.g., Levelt 1989, 1992; Jescheniak and Levelt 1994; Levelt et al. 1999) or 
in parallel (Dell 1986; McClelland 1987; Caramazza 1997; Alario et al. 2002, Hand 
et al. 2010). In other words, does activation in the brain strictly move from one 
level of representation to the next (from single words to bigrams to trigrams to 
quadgrams, e.g. from  I  to  I really  to  I really like  to  I really like it  or from  I really like 
it  down to the words that comprise it) or does it flow from any level of representa-
tion to any other (e.g. the level of activation of  I really  modulates the level of acti-
vation of  I really like it  and vice versa; the level of activation of  the  influences the 
degree to which  in the middle  is activated and vice versa)? Interactions between 
single word frequencies ( as ), bigram frequencies ( as far ), trigram frequencies ( as 



114   Antoine Tremblay

far as ), and quadgram frequencies ( as far as I  ) would indicate that multi-word 
sequence processing unfolds in parallel, which, one can argue, is in line with the 
idea of an inflationist lexicon. 

 Another important point is that probabilistic measures such as mutual infor-
mation (i.e., the association strength between two or more words, e.g., between 
 in ,  the ,  way , and  of , which is often used in corpus linguistics), and/or probability 
of use (a.k.a. cloze probability, i.e. the probability of a word occurring given pre-
vious context, e.g., the probability  of  occurring given  in the way , which is often 
used for the assessment of native and second language learning), may also affect 
multi-word sequence processing and may even trump frequency of use (as in, e.g. 
Ellis and Simpson-Vlach 2009). 2  

 4.1 Four-word sequence production 

 Tremblay and Tucker (2011) investigated these issues in the context of a four-word 
sequence production task. In this study, we endeavoured to investigate multi-
word sequence frequency effects not by comparing high versus low frequency 
sequences, that is, lexical bundles versus non-lexical bundles, but rather by 
considering frequency as a continuous variable. To do this, we showed partici-
pants four-word sequences with frequencies ranging from very low to very high 
(in our sample, from 0.3 to 85 occurrences per million words). Whole-sequence 
(quadgram) frequency counts were taken from the  Contemporary Corpus of Ame-
rican English  (COCA; Davies 2008). Single word, bigram, and trigram frequencies 
were also obtained. Bigram, trigram, and quadgram mutual information and log 
 probability of use values were computed. 

 Quadgrams were presented as wholes to participants one at a time (e.g.,  at 
the end of ,  I don’t think that ,  in the United States ; see Figure 3). They were asked 
to say them aloud. We measured the time it took to access linguistic material from 
the mental lexicon, to plan utterances, and to onset production by measuring the 
time between the moment a four-word sequence appeared on the screen to the 
time participants began producing them. We also measured motor program exe-
cution times by measuring the time it took participants to produce a sequence. 

 Both the production onset time analysis and the production duration analysis 
revealed numerous main effects and interactions between single-word frequen-
cies and the frequency of occurrence, probability of use, and mutual information 

  2  Another issue is that there may not be a threshold for holistic storage such as the one 
proposed, for example, by Biber et al. (1999), meaning that processing would be affected by 
frequency of use in a continuous rather than a step-wise manner (Arnon and Snider 2010). If 
there is such a threshold, its value remains to be empirically determined (Nordquist 2009). 
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of N-grams of various lengths (including quadgrams). In the production onset 
time analysis, log probabilities of use were the most important variable family 
and accounted for 0.93% of the total variability in the data, closely followed 
by mutual information values (0.85%) and finally by frequencies of occurrence 
(0.21%). This suggests that the main process underlying recognition was one of 
competition (Marslen-Wilson 1995) between a bigram, trigram, or quadgram and 
other N-grams similar to them (i.e.,  at the age of  competing with  at the age when , 
 at the age where , . . . for selection; see Section 6.1 for more details). 

 In the production duration analysis, however, frequencies of occurrence were 
by far the most important, accounting for 1.11% of the total variability in the data, 
and was followed by log probabilities of use (0.05%). Surprisingly, mutual infor-
mation values did not have any explanatory power at this stage. What is import-
ant during production proper is the number of times one has accessed/produced 
a linguistic item. The neuromotor routines that instantiate a sequence’s phonetic 
form become more fluent with repetition resulting in reduction and  coarticulation 
(Bybee 2001, 2006, and references cited therein). 

 In brief, these results suggest not only that multi-word sequences are stored 
in the mental lexicon, but also that they are processed in parallel as wholes and 
as parts. This brings further support to the existence of a redundant, inflationist 
lexicon. 
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Figure 3: Four-word sequence production. Participants are asked to say out loud the four-word 
sequences that appear on the screen.
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 4.2 Four-word sequence recall 

 Tremblay and Baayen (2010) ran a four-word sequence recall experiment using 
the same stimuli as in Tremblay and Tucker’s (2011) production task. Participants 
were presented with a series of six four-word sequences and asked to remem-
ber them for subsequent recall (there were 72 blocks for a total of 432 four-word 
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  Figure 4 : Four-word sequence recall with event-related brain potential recordings. (A) Parti-
cipants were shown 432 four-word sequences six at a time (72 blocks) and asked to recall as 
many as they could. (B) While participants were performing the task, event-related brain 
potentials were recorded from their scalp. This portion of the experiment is discussed in 
Section Holistic retrieval or speeded composition?. (i) A group of neurons in cortex is firing 
synchronously. (ii) Each neuron produces a small electrical potential. These small potentials 
sum together to create a bigger potential (an ERP) that can be recorded from the scalp. (iii) The 
positive end of the potential. (iv) The negative end of the potential. (v) Electrodes placed on a 
participant’s scalp to record ERPs. (C) From top to bottom: ERPs recorded at Fz (midline front), 
Cz (midline central), Pz (midline parietal), and Oz (midline occipital). The  x -axis is time in 
milliseconds and the  y -axis is microvolts. 
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sequences; see Figure 4A). While participants were performing the task, event-
related brain potentials (ERPs, also known as electro-encephalograms or EEGs) 
were recorded from their scalp (see Figure 4B). We will discuss the ERP portion of 
the experiment in Section 5. 

 Statistical analyses revealed that the frequency of use of the third and 
fourth words of a sequence, of the first and second trigram of a sequence, 
and of the log probability of occurrence of the sequence as a whole affected 
the probability with which that sequence would be correctly recalled. Most 
interestingly, the quadgram probability effect varied according to whether the 
four-word sequence was a phrase (e.g.,  in the same way ,  a lot of people ,  I don’t 
want to ), or not (e.g.,  in the middle of ,  to deal with the ,  I don’t know if  ). 3  Alt-
hough the log probability effect was present whether a sequence was a stand-
alone phrase or not (the higher a sequence’s probability of occurrence, the 
better one’s chances of correctly recalling it), the facilitatory effect was much 
stronger for stand-alone phrases. 

 In sum, given that whole-form frequency effects are commonly assumed to 
reflect holistic processing (e.g. Baayen, 2007, Bybee, 2007, Janssen, Bi, & Cara-
mazza, 2008, Cholin, 2008), the results summarized here support the Cognitive 
concept of a redundant, inflationist lexicon where four-word sequences  as well 
as  their component parts are stored as wholes in the lexicon and processed in 
parallel. 

 5 Holistic retrieval or speeded composition? 
 As just mentioned above, whole-form frequency effects have been assumed to be 
the hallmark of holistic processing. Nevertheless, it is possible that such effects 
index speeded rule-based composition instead. Numerous studies have demonst-
rated syntactic priming (e.g. Grompel and Pickering 2007; Bernolet and  Hartsuiker 
2010; Haskell et al. 2010, Christianson et al. 2010), suggesting that Generative pro-
cesses may be speeded by repetition. Following this line of thought, frequently-
generated multi-word sequences may be (de)composed more quickly because 

  3  Phrases are defined as having no missing material (they are complete). For instance,  in the 
same way  is a phrase because it can be inserted in a sentence as is, without adding anything 
to it:  [It can be done] [in the same way] . However,  in the middle of  is not a phrase because 
linguistic material should be appended for it to be complete:  [He was walking] [in the middle of 
+ the street] . Sequences such as  I don’t want to  are considered to be phrases because they are 
complete and can stand alone. For example,  JOHN: Do you want to go to the fair tonight? MARY: 
I don’t want to.  
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the application of compositional rules is more practiced. Therefore, the mental 
lexicon may still be an atomic one even if whole-form frequency is found to affect 
the processing of regular, non-idiomatic multi-word sequences. The present state 
of our knowledge, based largely on behavioural reaction-time studies, does not 
enable us to adequately discriminate between the two competing hypotheses. 
Given that whole-form frequency effects have been and remain at the centre of the 
“holistic processing versus on-line rule-based computation” debate, it is crucial 
to gain a better understanding of the exact nature of these effects. The only study 
we are aware of that investigated this specific issue is reported in Tremblay (2009) 
and Tremblay and Baayen (2010). Here the ERP  component of the chunk recall 
experiment described above is discussed. 

 Event-related brain potentials are recordings of the electrical potentials 
generated by neurons. They are the means by which neurons communicate 
with one another. The potentials generated by single neurons are too small 
to be recorded at the scalp. However, if a large group of neurons start firing 
synchronously (see [i] in Figure 4B), the potentials generated by each indivi-
dual neuron sum to a much bigger one (see [ii] in Figure 4B). Such a potential 
is called an event-related potential (ERP) because it is tied to the onset of a 
particular event, for instance the appearance of a four-word sequence on a 
computer screen. The ERP, which has a positive and a negative end (see [iii] 
and [iv] in Figure 4B), can be recorded from electrodes placed on the scalp 
(see [v] in Figure 4B) and subsequently analyzed. The ERPs look like the ones 
shown in Figure 4C, where the  x -axis is time in milliseconds (a millisecond is 
a thousandth of a second) and the  y -axis is microvolts (a microvolt is a milli-
onth of a volt). The lines represent the average ERPs recorded at four midline 
positions on the scalp from the front of the head (Fz at the top of the figure) to 
its back (Oz at the bottom of the figure). 

 After analyzing the ERPs recorded while participants were performing the 
recall task, we found that the probability of use of a four-word sequence affected 
ERP amplitudes at frontal and posterior scalp sites 110–150 ms after a sequence 
appeared on the screen, which is thought to be the fastest  single words  can be 
accessed (e.g. Sereno et al. 1998; Hauk and Pulvermuller 2004; Penolazzi et al. 
2007). At frontal sites (the front of the head), more negative ERP amplitudes were 
associated with greater quadgram probabilities. At posterior sites (the back of the 
head) ERP amplitudes were greatest for quadgrams with a lower probability of 
use and decreased rapidly until there was little or no activity (a flat line) from mid 
to higher probability values. 

 The fact that four-word sequences as wholes affected brain activity as early 
as single words have in previous studies suggests two things. First, at some stage 
of processing whole-form frequency and probability of occurrence may index 
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holistic retrieval rather than speeded rule-based composition. Second, at least 
some regular, non-idiomatic four-word sequences are equivalent to single words 
in that they are stored as wholes in the mental lexicon. 

 6 Implications 
 The studies summarized here show that speakers are sensitive not only to the 
(continuous) frequency/probability of use of single words but also of composi-
tional bigrams ( I really ), trigrams ( I really like ), and quadgrams ( I really like it ). 
They clearly support the Cognitive view of a redundant, inflationist lexicon that 
is comprised of a myriad of more or less entrenched linguistic units of different 
lengths. Such exemplars can be taken to be the basis on which emerge more 
and more abstract “frames” (Cienki 2007), “constructions” (Goldberg 1995; Croft 
2007), “patterns” (Hunston and Francis 2000), “morpheme equivalent unit” 
(Wray 2008), or “lexical bundles” (Biber et al. 1999), such as for example  I __ 
like it ,  I __ __ it ,  __ really like it ,  __ __ like it ,  I really like __ ,  I really __ __ , and 
 Subject + Verb + Object . 

 6.1 Entrenchment of an N-gram 

 According to Langacker (1987: 59, 100) and Schmid (2007: 119), frequency is a 
measure of progressive (i.e., continuous) entrenchment of linguistic units of any 
degree of complexity. For Geeraerts et al. (1994), however, the entrenchment of a 
linguistic unit does not result from the number of times it was used in general, but 
rather from how many times it was used  relative  to other linguistic units related to 
it. Based on the study results presented above, both views are correct. 

 Before explaining why both views are correct, it is worth clarifying what 
the terms “frequency of use” and “probability of use” actually mean. While fre-
quency of use measures the salience of a particular N-gram relative to everything 
else, probability of use is a measure of the salience of an N-gram relative to other 
N-grams of the same family. For example, the trigram  I think that’s  can be thought 
of as a family of quadgrams which is comprised of  I think that’s a ,  I think that’s 
what ,  I think that’s the ,  I think that’s why , and so forth. 

 In the studies summarized above that investigated N-gram lexical access (i.e. 
the self-paced reading tasks, the sentence and word recall experiments, the chunk 
recall experiment, as well as the pre-production stage of the speech production 
study), the probability of use of an N-gram emerged as the most important pre-
dictor. However, in the production stage of the speech production experiment 
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frequency of use was the most important one. As Tremblay and Tucker (2011: 319–
320) write, this may indicate that the main process underlying lexical access is 
one of competition between N-grams and their family members (Marslen-Wilson 
1995), whereas sheer repetition underlies the entrenchment of the neuromotor 
routines that instantiate a sequence’s phonetic form (Bybee 2001, 2006). 

 In a nutshell, the exact definition of the term “entrenchment” is dependent 
on the situation at hand, that is, whether one is accessing a linguistic unit (in this 
case, entrenchment should be defined as per Geeraerts et al. 1994) or whether 
one is producing it (where entrenchment should be construed as per Langacker 
1987 and Schmid 2007). 

 6.2 Opacity of an entrenched N-gram 

 We usually think of an entrenched N-gram as being an un-analyzable, opaque 
unit. However, as Langacker (1987: 59) notes, “When a complex structure coa-
lesces into a unit, its sub-parts do not thereby cease to exist or be identifiable 
as substructures . . . Its components do become less salient, however, precisely 
because the speaker no longer has to attend to them individually”. The results 
reported here clearly support Langacker’s idea. Indeed, the frequency/probabi-
lity of use of quadgrams  as well as  their component parts (i.e., unigrams, bigrams, 
and trigrams) affected language processing in the chunk recall experiment and 
the speech production task. 

 The next step in better understanding the entrenchment and opacity (or lack 
thereof) of N-grams will be to take a closer look at the complex interactions that 
arise between N-grams of various lengths. One could hypothesize, along the lines 
of Langacker (1987: 59), that as the frequency/probability of use of an N-gram 
increases, the effects on language processing of its component parts will decre-
ase. Nevertheless, these effects will not disappear entirely even when the fre-
quency/probability of use of the “parent” N-gram is extremely high. 

 6.3 Threshold for N-gram holistic storage 

 An empirically based frequency/probability threshold for the holistic storage 
of an N-gram remains to be determined (Nordquist 2009). However, the results 
of the chunk recall experiment with electro-encephalogram recordings (EEG) 
provide a possible answer to this question, at least for stand-alone, phrasal qua-
dgrams (i.e.,  in the United States ,  they don’t have to ,  she was going to , and  he 
shook his head  versus non-phrasal ones such as  but there is no ,  the result of a , 
and  I don’t think it’s ). The probability of occurrence of such quadgrams affected 
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ERP amplitudes recorded from electrodes placed at the back of the head 110–150 
milliseconds after they were shown on a computer screen (Tremblay and Baayen 
2010). In and of themselves, these results support the view that (at least some 
aspect of) quadgrams are stored and retrieved as wholes. This conclusion is 
further supported by the fact that (1) these ERPs are thought to originate from 
the ventral extra-striate cortex of the fusiform gyrus (Di Russo et al. 2002), and 
(2) functional magnetic resonance imaging (fMRI) and positron emission tomo-
graphy (PET) studies have reported activation in this cortical region during word, 
object, and face presentations, which diminished with repeated presentations 
(Rossion et al. 2001, and references cited therein). These latter observations, 
which mirror the results from the chunk recall experiment with EEG recordings, 
are generally attributed to “better (or faster) performance at processing these 
stimuli and could be taken to be the neural correlates of perceptual priming or 
implicit memory processing . . . In other words, these deactivations reflect a faci-
litation in neural computations when the same information is processed again” 
(Rossion et al. 2001: 1027). 

 More importantly here, the probability of occurrence effect on ERP amp-
litudes recorded at the back of the head were not a straight line, but rather 
U-shaped. For quadgrams with a (log) probability of occurrence between 
–7 (lowest) and –2 (mid), posterior ERP amplitudes decreased as the proba-
bility of occurrence increased. However, for quadgrams with a probability 
of occurrence between –2 (mid) and 4 (highest), posterior ERP amplitudes 
rema ined the same (i.e., did not increase or decrease). In short, it is conceiv-
able that the threshold for holistic storage of phrasal quadgrams is a (log) 
probability of occurrence of –2. 

 7 Conclusion 
 In line with Cognitive models of language, the results of the studies described 
above point to the existence of a redundant, inflationist lexicon where non-
idiomatic, regular sequences of words are stored  as well as  the shorter sequences 
contained within them. Given such a lexicon, what would the operations perfor-
med by the computational system look like? There should at least be two basic 
operations: Appending a pre-fabricated sequence to another one (e.g.,  [He shook 
his head] + [for the first time]  →  He shook his head for the first time ), and filling 
in open slots with the appropriate lexical material (e.g.,  [___ shook ___ head] + 
[she] + [her]  →  She shook her head ). There may be a third one namely, the dele-
tion of some overlapping portions of two sequences that are to be appended to 
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one another (e.g.,  The problem is  +  is that the  →  The problem is that the ). Evidence 
that this third operation may exist comes from speech production errors such as 
 The problem is is that the . . .  In this particular case, it is as though the speaker 
retrieved the sequences  the problem is  and  is that the  as wholes and appended 
them to one another but “forgot”, so to speak, to delete one of the two  is -s. In the 
 Contemporary Corpus of American English  there are about 1000 such instances 
and some (very educated) native speakers of English I know make this error all 
the time. In fact, they say  the problem is is that the  so often that this sequence 
may have become one holistic unit stored in their lexicon. 

 A redundant lexicon entails that there is, at least in principle, more than one 
way to create one and the same utterance. The sentence  She shook her head for 
the first time  might be generated by retrieving a sequence with two open slots, 
filling them with the appropriate lexical material, and appending the resulting 
sequence to another four-word sequence ( [___shook___head] + [she] + [her] → 
[She shook her head] + [for the first time]  →  She shook her head for the first time ) 
or it may be composed in many other ways (e.g.,  [She shook] + [her head] + [for 
the] + [first time] ,  [She] + [___ shook her] + [head] + [for the first time] , and so 
forth). The question then is how can we know how an utterance was generated? 

 It is conceivable that the utterance formation process follows the path of 
least resistance. The most efficient path might be one where speakers retrieve 
the longest possible sequences that are the most easily accessible and assemble 
them together. Sometimes, it may be that a whole utterance is retrieved and used 
without further ado. Other times, retrieving two or more overlapping sequences 
and deleting the overlapping portions might be more efficient. Then again, one 
may wonder whether appending and deleting is more cost effective than filling 
out open slots. Furthermore, is retrieving longer sequences from the lexicon more 
resource intensive than retrieving smaller units? Is it more costly to perform ope-
rations on longer sequences than on shorter ones? Is it more effortful to use the 
storage system than the computational system? Moreover, can the path of least 
resistance be defined in the same way for every speaker? That is, does everyone 
rely to the same extent on the storage and computational systems or do some rely 
more heavily on the storage system while others on the computational system? 
Finally, can the formation of one specific utterance by one specific individual 
vary as a function of external factors such as time of day, how many margaritas 
one has had, and/or how well one has slept the night before? 

 To the best of my knowledge, these questions remain unanswered. Answe-
ring them, however, will bring us one step closer to figuring out exactly how we 
use language. This information will ultimately enable us to refine existing models 
of language and/or to develop new, cognitively plausible ones. 

  Dalhousie University, Canada  
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