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Abstract

For many years, acquisition of verbal morphology has been an issue of much debate
within linguistic theory, research on first and second language acquisition, mental
grammar representation, and cognitive processing. The proponents of the Dual
Mechanism account claim that regularly inflected forms are computed by a rule-
processing system, while morphologically irregular forms are processed in
associative memory. The opposite Single Mechanism account claims that both
regular and irregular forms are processed in associative memory. In the present PET
study significant rCBF increase in the anterior cingulate gyrus of the left hemisphere
(24 BA) was shown for regular verb generation.This may support the rule-based
(de)compositional account.
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Introduction
For many years, acquisition of verbal morphology has been an issue of
much debate within linguistic theory, research on first and second
language acquisition, mental grammar representation, and cognitive
processing. The “English past tense debate”, which addresses the
issue of “nature vs. nurture”, explores whether the processing of
regular and irregular morphology is driven by two distinct
mechanisms, or by one single mechanism. The proponents of the
Dual Mechanism account claim that regular forms are computed by a
rule-processing system, while irregular morphological forms are
processed in associative memory. The opposite view claims that both
regular and irregular forms are processed in associative memory (see
for discussion Chernigovskaya & Gor, 2001; Gor 2010). Jaeger et al.
(1996) has made an attempt to find the cerebral localization of
regular vs. irregular English verb processing, with the data discussed in
support of the Dual Mechanism account. However, Chandler & Skousen
(1997) published their own interpretation showing that Jaeger’s results
are not in conflict with the Single Mechanism Account.

The available brain-imaging data on regular/irregular verb generation
are conflicting, which reflects the controversies in the state-of-the-art
neurolinguistic data interpretation in (e.g., Demonet et al. 2005, Sidtis 2006).
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This research suggests that being one of the basic brain mechanisms, the
error-detection processor (Bechtereva et al., 1968, 2005) may be implicated
in linguistic procedures — as it does with all the other cognitive tasks — from
routine actions to arithmetic problem solving. Its function is to compare the
current status with virtual templates and rules stored in memory. Following
it a certain processing routine is chosen under appropriate circumstances.

Our approach predicts that if a verbal form is generated on the basis of a
default template (regular forms) it should be automatically checked for rule
adequacy, and thus the error detector will be activated. Conversely, if there
is no difference between rule-based procedures and associative memory
retrieval, its activation will take place in both cases. As the key area for this
mechanism is anterior cingulate cortex (Mathalon et al., 2003), it was
selected as the region of interest that will make it possible to distinguish
between the two accounts.

The aim of the study was to reveal the level of functional activity in
anterior cingulate cortex caused by the generation of regular/irregular verbs,
nonce verbs, and plural of nouns.

Methods

Subjects

Twelve native right-handed Russian-speaking volunteers, age 22-29,
provided written informed consent for participation in the study.

Experimental task

Stimuli (4 word lists in black letters on a white background) were presented
at random on a color monitor 1,5 m from the nasion. The stimuli were: the i-
class semi-regular verbs (warm-up), singular nouns (N), irregular verbs (I),
the aj-class regular verbs (R), the aj-class nonce verbs (Q). During each of
the four experimental conditions, subjects viewed the sequence of 65 words
at a rate of one word every 2 s, with exposure time from 80 to 160 ms with
1850 ms intervals. Subjects produced 1* person singular past tense forms for
verbs and plural forms for nouns. Participants were asked to perform each
task continuously for approximately 135 s, because a minimum of 90 s of
stimulus data duration is required for acquiring a statistically valid image of
brain activity.

Data acquisition and analysis

During PET scans the regional cerebral blood flow (rCBF) was measured
with Scanditronix PC2048-15B PET-scanner; the standard protocol was
described elsewhere (Kataeva & Korotkov, 2007). PET data processing was
performed with SPM8 and WFU Picatlas software (Maldjian et al., 2003).
After spatial normalization of images, the mean rCBF was measured in four
volumes of interest (VOIs) corresponding to Brodman areas (BA) 24 and 32
of left and right hemispheres. Differences in global flow were discarded by
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normalization for the mean acquired activity in the field of view (Arndt et
al., 1996) and rCBF was expressed as percentages of mean global CBF. A
repeated measures MANOVA was used for statistical analysis with the test
conditions as within-subjects effect. The significance level was set at p=0.01.
The post-hoc analyses with p=0.01 (Fisher LSD test) were used to assess the
individual differences.

Results and discussion

The evaluation of rCBF found that the PET-condition with regular verbs
generation was characterized by increased levels of regional cerebral blood
flow in comparison with all the other conditions, within the volume of
interest corresponding to 24 Brodmann area (BA) in the anterior cingulate
gyrus of the left hemisphere: R>N (p<0,0004); R>Q (p<0,0001) and R>I
(p<0.0009).
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Figure 1. Generation of regular verbs associated with increased rCBF in left
anterior cingulated cortex (BA 24). Notations: R- regular verb production; I-
irregular verb production; N- noun production; Q — nonce verb production; L
24 — left BA 24.

A significant rCBF increase in the anterior cingulate gyrus of the left
hemisphere (24 BA) was shown for regular verb generation in comparison
with all the other conditions (irregular, nonce verbs, and nouns). These data
indicate that left anterior cingulate cortex is an important brain area
subserving the mechanism of regular verbal processing. This is consistent
with the rule-based (de)compositional account: The error detector checks if
the word matches the systematic and productive rules; it is not activated
when the inflected forms are idiosyncratic. It might be argued that these
findings are compatible with both the Dual and Single Mechanism accounts.
And indeed, BA 24 activation cannot exclude the possibility of a unitary
rule-based morphological mechanism for inflectional paradigms. Event-
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related fMRI imaging is a promising method to explore the relationship
between regular and irregular verbal processing.
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