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Abstract

Although generative and construction grammars both assume
that some linguistic forms are stored/retrieved as wholes while
others are strung together from simpler part, they differ with
respect to the units that may be stored in the lexicon, and
therefore in the rules that combine them. Within the gener-
ative framework, the determining factor for storage is regu-
larity. In contrast, for construction grammarians frequency
of use is an important factor determining whether a form
is stored as a whole or (de)composed on-line. We present
empirical evidence from self-paced reading, sentence recall,
and chunk production experiments showing that speakers are
sensitive to the frequency of use of regular, non-idiomatic
multi-word sequences (at the end of), thus suggesting that
they are stored/retrieved as wholes (favoring the construction-
ist view). However, these frequency effects could rather re-
flect speeded/practiced rule-based (de)composition. Results
from our chunk recall experiment with event-related potential
recordings suggest that (some aspects) of such multi-word se-
quences may be holistically stored/retrieved.
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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. Generative and con-
structionist grammars are two examples of dual-route mod-

els, which differ, among other things, with respect to what
is stored in the lexicon and what is not. Within the gen-
erative framework (e.g., Chomsky, 1993; Jackendoff, 2002;
Halle & 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 ofseeis saw). For construction grammari-
ans, however, (e.g., Bybee & Hopper, 2001; Goldberg, 2009;
Sinclair, 1991; Wray, 2002, 2008) infrequent forms are gen-
erated from smaller parts (e.g.,drown + –ed → drowned)
whereas frequent ones are stored/retieved as wholes (past
tenses ofaskandseeareaskedandsaw).

In a similar fashion, regular multi-word sequences such as
I really like it are, in the generative framework, composed
through grammatical rules from atomic units but irregular
ones such asgrow in the telling ‘the more you tell it, the
larger, wilder, better, etc. the story gets’ are stored and re-
trieved as wholes. Under the constructionist 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 constructionist lexicon
incorporates redundancy and is thus inflationist.



Although there is evidence for both the generative (e.g.,
Embick, Marantz, Miyashita, O’Neil, & Sakai, 2000; Pinker
& Ullman, 2002a; Grodzinsky & Friederici, 2006; New-
man, Ullman, Pancheva, Waligura, & Neville, 2007; Marslen-
Wilson, 2007) and the constructionist views (e.g., Arnon &
Snider, 2010; Bybee & Scheibman, 1999; Bybee & Hop-
per, 2001; Wray, 2002; Joanisse & Seidenberg, 2005; Bybee,
2007; Wray, 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.

Lexical Bundles and Self-paced Reading
In Tremblay, Derwing, Libben, and Westbury (in press), we
investigated the idea put forth by Biber et al. (1999) that lex-
ical bundles such asin the middle of theare stored and pro-
cessed holistically. In three self-paced reading experiments
we compared sentences containing lexical bundles (e.g.,in
the middle of the) and matched control multi-word sequences
(e.g.,in the front of the). Four-word lexical bundles were de-
fined 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). Note that lexical bundles
may span traditional syntactic boundaries. Frequency counts
were taken from theBYU: British National Corpus(BNC;
Davies, 2004). Lexical bundles and control sequences dif-
fered in one word, which, in target lexical bundle sequences,
was never shorter or more frequent than in control sequences.
Lexical bundles and control 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 thestimulus pair). In
the first experiment, sentences were presented one word at a
time. Participants navigated through the sentences by press-
ing the space bar. In the second experiment, sentences were
presented portion-by-portion. The first portion, which didnot
contain the target or control sequence, appeared in the center
of a computer screen; the remaining two portions appeared
after participants pressed the space bar (once for each por-
tion). In the third experiment, sentences were presented as
wholes; participants had to press the space bar to see the next
sentence. Reading times were measured from the moment a
word/portion/sentence appeared on the screen to the time a
participant made a button press. In all three experiments, lex-
ical bundles and sentences containing lexical bundles were
read faster than the control multi-word sequences thus lend-
ing support to hypothesis put forth by Biber et al. (1999).

Lexical Bundles and Sentence Recall
The lexical bundle facilitatory effect was replicated in two
follow-up word and sentence recall experiments (in the audi-
tory and visual modalities). In these experiments, sentences
containing lexical bundles and control non-lexical bundlese-
quences were presented to participants. Each sentence was
followed by a series of six monorphemic words (of equal
length and frequency of use, e.g.,date, dice, male, page,
pool, tape). Participants were asked to recall the sentences

and as many single words as they could remember. In both
the auditory and visual modalities, sentences containing lexi-
cal bundles were more accurately recalled than those that did
not. It was also found that, in the visual modality only, more
words were recalled after sentences containing lexical bun-
dles. These results suggest, again, that lexical bundles are
stored and retrieved as wholes as put forth by Biber et al.
(1999).

Non-idiomatic Multi-word Sequences,
Production, and Recall

In the latter five experiments, we strictly looked at the ef-
fects of the frequency of occurrence of four- and five-word
sequences 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 processing, which would lend further support to
the inflationist lexicon concept. Moreover, there may be in-
teractions between single word, bigram, trigram, and quad-
gram frequency, which would indicate that these variables
share the same processing stage (Hand, Miellet, O’Donnell,
& Sereno, 2010). Furthermore, probabilistic measures such
as mutual information (the association strength between two
or more words) and/or the probability of occurrence (the
probability of a word occurring given a previous context of
a certain length) may also affect multi-word sequence pro-
cessing and may even trump frequency of use (as in, e.g.,
Ellis & Simpson-Vlach, 2009). Finally, there may not be
a threshold for holistic storage meaning that frequency ef-
fects affect processing in a continuous rather than a step-wise
manner (Arnon & Snider, 2010).1 Tremblay and Tucker (in
preparation) investigated these issues in the context of a four-
word sequence production task. Four hundred and thirty two
four-word sequences were presented to participants one at
a time (e.g.,at the end of, I don’t think that,in the United
States). Participants were simply asked to say them aloud.
Production onset latencies were measured from the onset of
presentation to the moment participants began production;
production durations were also measured. Whole-sequence
(quadgram) frequency counts, taken from theContemporary
Corpus of American English(COCA; Davies, 2008), ranged
roughly from 0.03 to 85 occurrences per million words. Sin-
gle word, bigram, and trigram frequencies were also ob-
tained; bigram, trigram, and quadgram mutual information
and log probability of occurrence values were computed. Our
analyses revealed numerous main effects as well as interac-
tions between single-word frequencies and the frequency of
occurrence, probability of occurrence, and mutual informa-
tion of N-grams of various lengths (including quadgrams).
In Tremblay and Baayen (2010)’s four-word sequence recall
experiment, where the same stimuli as in the Tremblay and
Tucker (in preparation) paper were used, a number of sig-
nificant main effects and interactions between probabilistic

1If there is such a threshold, its value remains to be empirically
determined (Nordquist, 2009).



measures of N-grams of various lengths were also found (in-
cluding quadgrams; see below for more details about the ex-
periment).

Given that whole-form frequency effects are commonly as-
sumed to reflect holistic processing (e.g., Baayen, 2007; By-
bee, 2007; Janssen, Bi, & Caramazza, 2008; Cholin, 2008),
the results presented here support the constructionist con-
cept of a redundant, inflationist lexicon where four-word se-
quencesas well assmaller sequences and single words would
all be stored as wholes in the lexicon (e.g.,at-the-end-of, at-
the-end, the-end-of, at-the, the-end, end-of, at, the, end, of).

Holistic Storage / Retrieval or Speeded /
Practiced (De)composition?

As just mentioned above, whole-form frequency effects
have been assumed to be the hallmark of holistic process-
ing. Nevertheless, it is possible that such effects index
speeded/practiced rule-based (de)composition instead. Nu-
merous studies have demonstrated syntactic priming (e.g.,
Grompel & Pickering, 2007; Bernolet & Hartsuiker, 2010;
Haskell, Thornton, & MacDonald, 2010; Christianson, Luke,
& Ferreira, 2010), suggesting that generative processes
may be speeded by repetition. Following this line of
thought, frequently-generated multi-word sequences may be
(de)composed more quickly because the application of com-
positional rules is more practiced, either for particular syn-
tactic structures or possibly for the combination of specific
multi-word sequences. 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 for instance. The present state of our knowledge,
based largely on behavioural reaction-time studies, does not
enable us to adequately discriminate between the two com-
peting hypotheses. Given that whole-form frequency effects
have been and remain at the center 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 ef-
fects. The only study we are aware of that investigated this
specific issue is Tremblay and Baayen (2010).

In this study, participants were presented with 72 series
of six four-word sequences (sequences were presented as
wholes). After each series, they were asked to recall as many
sequences as they could. While they were performing the
task, electro-encephalogram recordings were made (EEGs,
which are recordings of the brain’s electrical activity). Using
generalized additive modeling (GAM; see Tremblay, 2009;
Hendrix, 2009; Tremblay & Baayen, 2010, for more details)
we found that the probability of occurrence of a four-word
sequence affected EEG amplitudes at frontal sites 110–150
ms after a sequence appeared on the screen (after controlling
for single-word and N-gram probabilistic variables as wellas
other confounding factors), which is thought to be the fastest
single wordscan be accessed (e.g., Sereno, Rayner, & Pos-
ner, 1998; Hauk & Pulvermuller, 2004; Penolazzi, Hauk, &
Pulvermuller, 2007). Although this finding suggests that (at

least at some stage of processing) whole-form frequency may
index holistic storage and retrieval rather than speeded rule-
based composition, the jury is still out on this issue.
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