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Abstract Second language (L2) learners often have persistent
difficulty with agreement between the number of the subject
and the number of the verb. This study tested whether deviant
L2 verb number agreement reflects maturational constraints
on acquiring new grammatical features or resource limitations
that impede access to the representations of L2 grammatical
features. L1-Chinese undergraduate students at three age of
arrival (AoA) levels were tested for online verb agreement
accuracy by completing preambles in three animacy combina-
tions: animate–inanimate [AI; e.g., The officer(s) from the
station(s)], inanimate–animate [IA; e.g., The letters from the
lawyer(s)], and inanimate–inanimate [II; e.g., The poster(s)
from the museum(s)]. AI should be less costly to process than
IA or II sequences, because animacy supports the subject in AI
but competes with the subject for control of agreement in IA
sequences, and is neutralized in II. Agreement accuracy was
greater overall for AI than for IA or II, and although an AoA-
related increase in erroneous agreement after plural subjects
occurred for IA and II, there were no AoA effects for AI.
Higher scores on memory tasks were associated with greater
agreement accuracy, and the memory tasks significantly pre-
dicted variance in erroneous agreement when AoA was
partialed out. The fact that even late learners can do verb
agreement in the case of AI demonstrates that they can acquire
new grammatical features. The greater difficulty with agree-
ment in the case of IA or II than of AI, in conjunction with the

results for the memory tasks, supports the resource limitation
hypothesis.
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In many languages, verbs overtly agree with the subject in
number, person, and/or gender. As compared to languages
such as French and Italian, English has an impoverished sys-
tem of verb agreement: Apart from auxiliary and copular
verbs such as be and have, singular and plural verb forms
are morphologically identical in the present tense, with the
sole exception of third person singular, in which a phonolog-
ical variant of /s/ attaches to the verb stem. Yet despite the
overt simplicity of the English verb agreement paradigm, first
language (L1) Chinese learners of English as a second lan-
guage (L2ers) are notoriously unreliable in supplying verbs
with inflections for agreement and tense, even after many
years of immersion in the L2 (e.g., Lardière, 2003, 2006).
For some language researchers, this inflectional difficulty is
in line with the view that the acquisition of L2 morphology
and syntax is constrained by a critical period that precludes
attaining native proficiency in grammatical features present in
the L2 but absent in the L1 (e.g., Hawkins, 2000, 2001;
Hawkins & Chan, 1997; Hawkins & Liszka, 2003).
However, other researchers attribute grammatical deviance
in even proficient L2ers to resource limitations rather than to
deficient mental representations for the L2 grammatical fea-
tures (e.g., McDonald, 2006; Miyake & Friedman, 1998;
Prévost & White, 2000). The present work is an examination
of whether online difficulty with verb number agreement in
L1-Chinese L2ers reflects biological constraints on acquiring
grammatical features that are not instantiated in the L1, or
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whether late L2ers may possess these features, but cannot
always gain access to them when the task demands are high.

The critical or sensitive period hypothesis, as originally
formulated by Lenneberg (1967) for L1 acquisition, and by
Penfield and Roberts (1959) for L2 acquisition, assumes that
an increasing decline in brain plasticity from early childhood
to puberty circumscribes the optimal period for native-like
attainment of a language. This hypothesis is now widely ac-
cepted for L1 acquisition and for L2 phonology (e.g., Flege,
Yeni-Komshian, & Liu, 1999; Granena & Long, 2013), but it
remains controversial for the acquisition of L2 morphology
and syntax. Behavioral evidence for the hypothesis largely
consists of an inverse correlation between accuracy on gram-
maticality judgment tests and age of arrival (AoA) in the L2-
dominant country; the closure of the critical period is defined
as the age at which the association is no longer significant
(Johnson & Newport, 1989). However, the limits of the pur-
ported critical period vary more with the similarity of the L1
and L2 grammars than with age. For L1 Chinese and Korean
learners of L2 English or Spanish, peak sensitivity for L2
acquisition is seen until about age 7, followed by an age-
related decline that ends somewhere between age 15
(Granena & Long, 2013) and age 23 (Flege et al., 1999). For
L1 Spanish learners of L2 English, native-like attainment is
possible until about age 17 and is followed by a gradual age-
related decline that extends to age 44 (Birdsong & Molis,
2001).Moreover, AoA is often confoundedwith variables that
also influence end-state proficiency such as years of exposure
to the L2: When Flege et al. held AoA constant in L1 Korean
groups that differed in their numbers of years of education in
the United States, L2 grammatical proficiency depended on
years of L2 schooling.

Representational deficiency or performance
limitations?

For some language researchers, morphosyntactic deficiency in
advanced late-L2 learners reflects performance limitations rath-
er than defective or absent mental representations for the gram-
matical features in question. Prévost and White (2000; White,
2010) attributed the omission of obligatory inflections on
English verbs (i.e., past tense -ed and third person singular -s)
to temporary difficulty accessing representations for the inflec-
tions during communication pressure. McDonald (2006) as-
cribed grammatical deficiency to limitations of L2 resources,
and reported a significant correlation between reaction times on
an auditory grammaticality judgment task and verbal working
memory in late L2ers from a variety of L1s. She further dem-
onstrated that natives responded to the grammaticality test like
L2ers under conditions intended to stress processing resources
(white noise, memory load, and compressed speech). Hopp
(2010, Exp. 4) demonstrated that the processing of

morphosyntax in German sentences presented word by word
deteriorates in natives at elevated processing speed. Native
German speakers became less accurate at detecting violations
of case and gender marking with successive reductions in the
rate at which words were presented; at the slowest rate
(250 ms), natives surpassed proficient L1 Dutch and English
in accuracy, but at a rate of 71 ms, their accuracy deteriorated to
the level seen in L1 Dutch and English at 250 ms.

One might argue that interventions such as white noise and
speeded word presentation impact grammatical judgments by
reducing the accurate perception of grammatical features rath-
er than by degrading processing of the features. However, this
possibility does not seem to apply to the concurrent memory
load paradigm. There is convincing evidence from French
natives that extrinsic memory load adversely affects subject–
verb agreement accuracy (Fayol, Hupet, & Largy, 1999;
Fayol, Largy, & Lemaire, 1994; Hupet, Fayol, &
Schelstraete, 1998), and evidence that extraneous memory
load has particularly severe consequences for agreement ac-
curacy in individuals with low working memory span
(Hartsuiker & Barkhuysen, 2006). It thus seems as if access
to (or retrieval of) mental representations for grammatical fea-
tures is delayed or inefficient when processing resources are
strained, even in the case of native speakers.

In summary, there is support for maturational constraints
on ultimate proficiency in L2 grammars, but there is also sup-
port for a resource limitation account, although the evidence
has come largely from research with native speakers rather
than late L2ers.

The challenge of inflections for L1 Chinese

The Chinese language is ideally suited for examining whether
L2ers can acquire grammatical features that are not part of
their L1 experience, and thus cannot be acquired through
transfer from the L1. From a critical-period perspective, post-
pubescent L1-Chinese L2ers should have difficulty mastering
inflectional morphology such as subject–verb agreement,
tense, or number, because Chinese does not use inflections
or otherwise mark agreement. Grammatical and semantic re-
lations are conveyed through context, word order, animacy,
and free standing function-like words. Verbs can occur with
particles that carry aspectual and modal information, but verbs
do not attach inflections for person or number. Also, common
nouns do not bear obligatory inflections for number, gender,
or case. For example, a speaker of Mandarin Chinese might
say san zhi bi (Bthree stick pen^) where an English speaker
would say three pens; the number word san (Bthree^) is
followed by the classifier zhi (Bstick^), but the noun (bi) is
the same for singular and for multiple instances of the referent
(Cheng & Sybesma, 1999; C. N. Li & Thompson, 1989).
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Near-native attainment of L2 inflectional morphology
is possible in the case of grammatical features that also
occur in the L1 (Hopp, 2010). In contrast, English ver-
bal inflectional morphemes of tense and agreement are
problematic even for highly proficient L1-Chinese
L2ers. Lardière (1998a, 1998b, 2003, 2006) examined
morphological variability in the speech of Patty, an L1
speaker of Mandarin and Hokkien who moved to the
United States at the age of 22. After 10 years’ residence
in the United States, Patty’s production of obligatory
inflections for past tense -ed and third person singular
-s was extremely deficient (34 % and 5 % production,
respectively); 8 years later, there was no improvement.
Similarly, Goad, White, and Steele (2003) reported low
production of tense and agreement morphology in L1
Mandarin Chinese late learners’ descriptions of pictures
(length of residence in Canada = 6 months to 5 years).

Although the above reports are consistent with the
tenets of the critical-period hypothesis, there is also ev-
idence that late L2ers are able to acquire representations
for tense and agreement. Goad et al. (2003) reported
nat ive- l ike performance when thei r sample of
inflection-deficient L2ers was tested for knowledge of
tense and agreement morphology through grammaticality
judgments rather than production. Similarly, L1-
Mandarin late L2ers supplied past and perfective inflec-
tions 90 % of the time when producing sentences they
had previously read under conditions directing attention
to inflections (Goad & White, 2008).

Copular be and auxiliary be, have, and do can be
used to assess underlying knowledge of tense and agree-
ment because they do not add inflections for person,
number, or tense. High production (about 90 %) of be
variants (is, was) and of related verbal forms (has,
have) does in fact occur in the spoken and written
English of L1 Chinese (Goad et al., 2003; Lardière,
1998a, 1998b, 2003, 2006). On the basis of such find-
ings, it has been proposed that late learners possess
intact mental representations for tense and agreement,
but may be unable to access these representations and/
or procedures for integrating inflections with syntactic
features when resources for processing the L2 are
stressed (Prévost & White, 2000; White, 2010; see
also Hopp, 2010).

Empirical studies on verb number agreement

Knowledge of subject–verb agreement in L1-Chinese L2ers
has largely been examined through sentence processing rather
than production. The paradigm for this work was introduced
by Pearlmutter, Garnsey, and Bock (1999, Exp. 1), who stud-
ied the trajectory of sensitivity to agreement violations in

natives with self-paced word-by-word reading of grammatical
and ungrammatical versions of sentences such as (1) and (2):

(1) The key to the cabinet was/were rusty from many years
of disuse. (SS)

(2) The key to the cabinets was/were rusty from many years
of disuse. (SP)

In (1), the head noun (key) and local noun (cabinet) are
both singular (SS), whereas in (2), a singular head noun com-
bines with a plural local noun (SP). An effect of grammatical-
ity emerged at the adjective (rusty), in the shape of prolonged
processing time following agreement violations: Reading
times at the verb and adjective were faster for the match
(SS) than for mismatch (SP) version, mirroring the attraction
effect seen in oral completion of SP preambles such as The key
to the cabinets (Bock & Miller, 1991). (Attraction refers to
erroneous agreement with the local noun phrase rather than
the subject in mismatch preambles; e.g., The key to the cabi-
nets were rusty.)

Jiang (2004, Exp. 1) used self-paced reading to examine
online sensitivity to agreement violations in 30 L1-Chinese
graduate students who had resided in the United States from
6 months to 5 years and had studied English for a minimum of
7 years, with a start age ranging from 7 to 14. The grammatical
versions of SP and SS sentences such as (1) and (2) were
presented in the guise of a reading comprehension task. In
L1-English controls, reading times were significantly
prolonged at the verb and adjective for SP relative to SS
(consistent with Pearlmutter et al., 1999). Longer reading
times at the verb for SP than for SS sentences were also seen
in the L2ers, but the difference was not reliable, and no
difference emerged between SP and SS sentences at the
adjective. According to Jiang, the absence of attraction reflects
insensitivity to the plural inflection on the local noun of SP
sentences during online processing. But if the L2ers were
insensitive to plural morphology, reading times for plural
and singular nouns should be comparable. However, the fact
that they took significantly longer for plural than for singular
local nouns suggests greater difficulty processing plural than
singular nouns, rather than an insensitivity to plural inflec-
tions. This difficulty could, in turn, reduce the resources avail-
able for detecting deviant verb agreement, especially if L2
resources were limited to begin with.

Jiang (2004, Exp. 2) next examined responsiveness to de-
viant agreement in sentences with plural verbs and singular
local nouns. Grammaticality was manipulated by means of
head number, such that sentences with a plural head noun
and singular local noun (PS) were grammatical, whereas SS
sequences were ungrammatical, as in (3) and (4);

(3) The bridges to the island were about ten miles away. (PS)
(4) *The bridge to the islandwere about tenmiles away. (SS)
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In natives, reading times at the postverb phrase were sig-
nificantly prolonged for ungrammatical sequences, indicating
responsiveness to violations of agreement. Longer postverb
reading times for ungrammatical SS than for grammatical PS
sentences also occurred in the L2ers, but the difference was
not significant.

Jiang recognized that the results for the L2ers could also
reflect a deficiency in processing subject–verb agreement as
well as insensitivity to inflections for plurality. To disambig-
uate the two possibilities, the participants in Experiment 2 also
responded to violations of pronoun-be agreement (e.g., She
am a professor.), and these sentences did elicit reliably longer
reading times from the L2ers than did grammatical pronoun-
be agreement (I am a professor.). Jiang concluded that the
L2ers had acquired number agreement, but could not dis-
tinguish grammatical PS from ungrammatical SS se-
quences due to insensitivity to the plural morpheme on
the head noun of PS sentences. In other words, Jiang
seems to argue that the grammatical PS sequences were
processed as SS sequences, so that both PS and SS
were perceived to contain verb number errors.

It would not be surprising if be agreement emerges earlier
for pronouns than for nouns, simply because pronoun–be con-
cord involves a small set of pairings that are either unique (I
am) or highly consistent (s/he/it is/was, you/we/they are/were),
and accordingly can be acquired as memorized, unanalyzed
chunks. One should thus be cautious about accepting that the
L2ers had mastered number agreement due to their sensitivity
to deviant pronoun–be agreement. In addition, it is not clear
whether they were insensitive to inflections for plurality, were
insensitive to deviant agreement (implying a representational
deficit for agreement), or took longer to access/retrieve the
representations for inflections and/or verb agreement online.

The present work used online completion of preambles
such as The letter(s) from the lawyer(s) to examine the pro-
duction of subject–verb agreement in L1 Chinese at three
AoA levels: early (AoAs = 0 to 10 years old), intermediate
(AoAs = 11 to 15), and late (AoAs = 16 to 24). AoAwas used
to index age at immersion in the L2 and was manipulated in
order to examine whether agreement accuracy declines as a
function of increased AoA (consistent with the critical-period
hypothesis). However, a decline could also result from con-
straints on L2 processing resources that interfere with efficient
access to representations of agreement and procedures for
computing agreement. These possibilities could be disambig-
uated by manipulating preamble difficulty (so that some were
easier to process than others). Results indicating that late
learners can compute subject–verb agreement (even if this
were restricted to easy-to-process preambles) would argue
against maturational constraints on acquiring new grammati-
cal features. Evidence that they can compute agreement on the
easy but not on the difficult-to-process preambles would be
consistent with the resource limitation hypothesis.

The resource limitation hypothesis was also directly eval-
uated by testing participants on the following memory tasks;
digit span forward (DF), digit span backward (DB), and an
alphabet-ordering task that required mentally rearranging the
order of orally presented words alphabetically (modeled after
Craik, 1986). The DF and DB tasks were used because they
activate a functional neural system associated with working
memory (right dorsolateral prefrontal cortex and bilateral in-
ferior parietal area, although DB activates a larger area includ-
ing left dorsolateral prefrontal cortex and Broca’s area (Gerton
et al., 2004)). An inverse relation between scores on the mem-
ory tasks and verb agreement errors would strengthen the
resource limitation hypothesis, as it would indicate that the
likelihood of erroneous agreement was greater for individuals
with fewer resources than for those with greater resources (cf.
Hartsuiker & Barkhuysen, 2006).

Preamble processing cost was initially varied by manipulat-
ing plausibility (e.g., The cheque from the client . . . void/
dishonest), but implausible preambles elicited an excessive
number of agreement errors even from natives. It was decided
to instead manipulate preamble difficulty through animacy, for
reasons elaborated below. Processing costs should be lower
when animacy relations in the preambles concur with process-
ing expectations and, conversely, higher when the animacy re-
lations conflict with processing expectations.

Manipulating processing cost through animacy

Animates are better remembered than inanimates (Bonin,
Gelin, & Bugaiska, 2014). The distinction between animates
and inanimates is fundamental in human cognition (Rakison
& Poulin-Dubois, 2001) and is incorporated in the agreement
systems of many languages (Corbett, 2000, 2006). Animates
enjoy a privileged processing status over inanimates in many
languages, including English and Chinese, which share a pref-
erence for sentences with an animate–inanimate order (as op-
posed to inanimate–animate order). In English natives, the
animate–inanimate order preference can override the default
preference for the active voice and motivate production of
passives such as (5) below, which has an active counterpart
with inanimate–animate order. Similarly, the animacy prefer-
ence counteracts production of inanimate–animate passives
such as (6), and promotes production of the active voice
instead:

(5) The nurse was knocked down by the truck.
(6) The cake was decorated by the chef.

Sentences that are incompatible with animacy-processing
preferences decrease memory for sentence voice (e.g.,
Dewart, 1979), override the effectiveness of syntactic priming
(Bock, 1986, Exp. 1), and negatively affect preschoolers’
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acquisition of the passive voice, relative to compatible
sentences (Lempert 1989, 1990).

Animacy is a more crucial cue to grammatical and semantic
relations in Chinese than is English, because grammatical re-
lations are not marked through inflections and subject–verb
agreement (Matthews & Yip, 2011; Xuefang, 2010).
Additionally, word order is more flexible in Chinese relative
to English, and thus is not always a good cue to the relations
between words in sentences. Wang, Schlesewsky, Bickel, and
Bornkessel-Schlesewsky (2009, Exp. 2) reported faster and
more accurate processing of Chinese transitive sentences in
animate–inanimate order (7) than in sentences in the reverse
order (8):

(7) Yanyuan lijie-le xiaoshuo.
Actor understand-ASP novel.

(8) Xiaoshuo jiayu-le yanyuan.
Novel educate-ASP actor.

Sentence interpretation studies have shown that L1 Chinese
with low or intermediate English proficiency rely heavily on
animacy information when struggling to interpret sequences
such The monkey the apple bumps, The apple bumps the
monkey, and Bumps the monkey the apple. With increased pro-
ficiency in English, they shift to the native English strategy of
assigning the subject to the noun immediately preceding the
verb (Liu, Bates, & Li, 1992; Su, 2001a, 2001b).

The present work is based on preambles in three animacy
combinations: animate–inanimate (AI), inanimate–animate
(IA), and inanimate–inanimate (II). In AI preambles such as
(9) below, animacy and word order are congruent cues to the
agreement controller (the head noun or subject), whereas in IA
preambles such as (10), the processing priority given to ani-
mates competes with assigning agreement control to the head
noun. In the case of inanimate–inanimate preambles such as
(11), animacy is neutralized.

(9) The chef for the dinner (AI)
(10) The penalty for the student (IA)
(11) The piano for the wedding (II)

AI is consistent with animacy preferences in both Chinese
and English sentences, and thus allows for transfer of semantic
processing strategies from Chinese to English. Accordingly,
AI sequences are expected to be easier to process than IA
sequences, in which animacy processing priorities compete
with assigning agreement control to the head noun.
Resolving this conflict is expected to require deeper, more
intensive semantic–syntactic processing than in the case of
AI preambles, and to diminish the resources needed for com-
puting subject–verb agreement. II preambles should also be
more difficult than AI, because word order is the only cue to
the subject, but II should be less difficult than IA, due to the

absence of animacy-induced conflict. Deviant agreement
should therefore be more common for IA than for AI pream-
bles, with II falling in between.

An animacy-neutralized AA (both animate) condition was
not added because representations with overlapping semantic
features can create concept confusability in memory
(Solomon & Pearlmutter, 2004) and increase aberrant agree-
ment (cf. Barker, Nicol, & Garrett, 2001). There is consider-
able semantic overlap between noun pairs such as chef and
emperor, because both are living, human, sentient beings,
whereas one can choose inanimate noun pairs that share few
semantic features (e.g., design–airplane).

The hypotheses and predictions can be summarized as
follows:

1. Maturational limits on acquiring new grammatical fea-
tures will be reflected by an AoA-related increase in de-
viant verb agreement. Conversely, the absence of AoA
differences in verb agreement accuracy would argue
against this hypothesis, even if an AoA effect is only
absent in the case of AI.

2. The resource limitation account of agreement errors
would be supported by

(a) an AoA-related increase in errors on IA and II pre-
ambles, concomitantly with its absence for AI, and

(b) an inverse correlation between the memory tasks and
verb agreement errors.

Method

Participants

A group of 74 Introductory Psychology students at the
University of Toronto participated in exchange for course
credit; 55 students from 17 to 58 years of age (M = 21.1, SD
= 6.5) claimed Chinese as their first language, and 19 from 17
to 19 years of age (M = 18.5) were native English speakers.
The L1-Chinese participants were split into three AoA groups
according to their statedAoA in an English-dominant country:
early (n = 19), 0 to 10 years (M = 4.7); intermediate (n = 19),
11 to 15 years (M = 13.1); and late (n = 17), 16 to 25 years (M
= 19.0). The early arrivals included Canadian-born partici-
pants who acquired Chinese before English. The accumulated
lengths of residence in an English-dominant country ranged as
follows: early, 9 to 23 years; intermediate, 1 to 9 years; and
late, 6 months to 33 years (see Table 1 for the means and
demographic characteristics of the AoA groups). Late arrivals
had received at least 4 years’ instruction in English prior to
arrival and had met the University of Toronto requirements for
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proficiency in English (a minimum score of 650 on the Test of
English as a Foreign Language; i.e., high intermediate).

Preamble completion task

Materials The experimental preambles (Appendix) were 60
complex noun phrases with a head noun (subject), a local
(nonhead) noun embedded in a prepositional phrase, and an
adjective or past participle at the end. The AI, IA, and II
sequences, exemplified in (12)–(14), were each represented
by 20 preambles:

(12) AI: The officer(s) from the station(s) . . . suspicious.
(13) IA: The letter(s) from the lawyer(s) . . . lost.
(14) II: The bridge(s) from the island(s) . . . repaired.

Four different versions of each preamble were created by
varying the grammatical number of the head and local nouns
(SP, SS, PP, and PS). Each version was assigned to one of four
lists, and only one version appeared in each list. This design
allowed within-subjects comparisons of animacy and gram-
matical number. All of the preambles could felicitously be
completed with a form of be, in which case SP/SS would be
expected to elicit is or was, whereas PP/PS should elicit
are or were. Copular seem, become, appear, and so
forth, were also expected, but they were much less com-
mon than be in pilot work. Another 40 items were
fillers in the form Determiner + Adjective + Noun . .
. Adjective (e.g., The chubby baby . . . unhappy). The
fillers were balanced for noun animacy and number.

Norming Plausibility, noun frequency, and distributivity were
controlled in order to ensure that the experimental items in
each animacy condition did not vary with respect to other
variables that might influence agreement accuracy.
Plausibility ratings were obtained from 20 undergraduate

students who rated paired sentences ending in the predicate
of the preamble; one sentence started with the head noun of
the preamble, and the other started with the local noun:

(15) The bridge was repaired.
(16) The island was repaired.

Plausibility was rated on a 7-point scale, where 7 indicated
a completely acceptable and comprehensible sentence.
Plausibility weights were computed for each dyad by
subtracting the mean rating for the sentence with the local-
noun subject from the mean for the head-noun version. The
weights in the three conditions were comparable (Ms: AI =
4.02, IA = 3.70, II = 3.95), F2(2, 56) < 1. (Positive weights
indicate that the head noun was a more plausible subject than
the local noun.)

Noun frequency The SUBTLEXUS corpus (Brysbaert &
New, 2009) provided word frequency counts for the singular
and plural versions of the head and local nouns in each
animacy combination (see Table 2 for the mean log10
frequencies). Frequencies were disproportionately higher for
singular than for plural nouns [head and local nouns: respec-
tive F2s(1, 57) = 127.69 and 205.20, ps < .001], but there were
no reliable differences in the mean frequencies of either head
or local nouns in each animacy condition [F2s(2, 57) < 1].

Distributivity Distributive preambles are SP preambles in
which the grammatically singular head noun can be construed
as denoting more than one instance of the referent, as in (17):

(17) The photo on the postcards was colorful.

Distributivity was controlled because it can enhance SP
errors (e.g., Vigliocco, Butterworth, & Garrett, 1996).
Sixteen undergraduates decided whether the head noun of

Table 1 Demographic characteristics of the early, intermediate, and late age-of-arrival groups: Means (SDs) and F values

Variable Early Intermediate Late F (2, 52)

Chronological age 19.0 (1.40)c 19.2 (0.65)c 23.9 (5.3)a,b 4.86*

Age of arrival 4.7 (4.31)b,c 13.1 (1.49)a,c 19.0 (2.78)a,b 97.10**

Length of residence 13.8 (4.57)b,c 5.7 (2.48)a,c 5.0 (7.50)a 16.57**

Years in an L2 school 11.1 (2.42)b,c 5.6 (2.58)a,c 1.8 (1.94)a,b 71.19**

Age understood L2 7.3 (3.04)b,c 13.5 (1.88)a 15.3 (4.20)a 32.20**

Age spoke L2 7.3 (2.99)b,c 13.4 (1.98)a,c 16.5 (4.52)a,b 36.36**

Age conversed in L2 7.8 (3.48)b,c 13.7 (2.02)a,c 17.6 (4.61)a,b 34.97**

Pct daily speaks L2 78.1 (17.22)c 61.4 (28.37) 49.4 (26.74) 6.24*

Pct daily L2 exposure 80.6 (21.05)b,c 56.6 (26.71)a 44.7 (26.78) 9.45**

L2 = English, Pct = percentage; ns: early = 19, intermediate = 19, late = 17. Tukey HSD, alpha = .05: a differs significantly from early arrivals; b differs
significantly from intermediate arrivals; c differs significantly from late arrivals. * p < .01, ** p < .001.
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the SP version of each experimental preamble implied a sin-
gular or a plural entity. No reliable differences were apparent
between the mean conceptual plurality weights for the three
animacy conditions (MAX = 2; AI = 0.07, IA = 0.17, II =
0.11), F2(2, 57) = 2.22, p = .12.

Preamble completion procedure The preambles were cen-
tered in 16-point bold Times New Roman font on 10.1 ×
15.2 cm index cards. Participants were instructed to read the
preamble out loud and to complete it orally as quickly as
possible. The preambles were manually administered in a dif-
ferent random order to each participant and remained in view
while the participant responded. Target preambles that did not
elicit a response within 5 s were readministered after the re-
maining items had been presented. The responses were
audiotaped for later verification of the experimenter’s written
record. A shoulder-level screen prevented the participants
from observing what the experimenter wrote.

The memory tasks were presented after the preamble task,
as follows. The DF task required participants to repeat se-
quences of four to eight numbers of increasing sequence
length. The DB task required repeating sequences of three to
seven numbers in backward order. For the alphabet task, par-
ticipants heard sequences of unrelated one- or two-syllable
concrete nouns, starting with three nouns and progressing in-
crementally to seven. The nouns of each sequence started with
different letters and differed phonologically and semantically.
The participants then repeated the sequence alphabetically,
according to the first letter of the word (e.g., mask–arrow–
pen should be repeated as arrow–mask–pen).

All three tasks were presented in monotone intonation at a
1-s interitem rate. There were two trials for each sequence
length, with different numbers or words on each trial. Two
points were credited on each trial when all numbers or words
were repeated in the specified order; one point was given
when there was an error in order but all numbers or words
were reported. No credit was given otherwise. The task ended
when the participant failed both trials of a particular sequence
length. The maximum score was 20 on each task. The DF

preceded the DB task for half of the participants, and vice
versa for the rest; the alphabet task was always last.

Results and discussion

Preamble completion task

ScoringResponses to the experimental preambles were coded
as (1) correct agreement, when the verb was inflected for
number and agreed in number with the head noun (e.g., The
baker of the cakes was excellent); (2) agreement error, when
an inflected verb disagreed in number with the head noun; this
category included subsequently corrected errors (e.g., The ba-
ker of the cakes were . . . was excellent); or (3) other (e.g.,
uninflected verbs such as became, a change of head or local
noun number, no verb, or no response).

Table 3 displays the frequencies in each response category
by group, head number, and local noun number. Figures 1 and
2 show the breakdowns of responses by animacy. The visual
comparison of the data for early arrivals and native speakers
indicated fewer agreement errors in natives, but similar pat-
terns for animacy and grammatical number. In contrast,
animacy patterns between early and later arrivals differed
markedly. Consequently, the results for natives were com-
pared statistically to early arrivals only. The R software (R
Development Core Team, 2011, version R2.12.0) was used
to conduct binomial mixed-effect logistic regression analyses
(lmer) on verb agreement errors in binary form (incorrect vs.
correct; all other response types were entered as BNA^; see
Baayen, 2008). In all models, subjects and items were entered
as crossed random effects (intercept only).

Early arrivals versus native speakers The predictors in the
regression were group (native, early AoA); animacy (AI, IA,
II); head number (singular, plural); local noun number; all
two-way interactions between group, animacy, and head noun;
the Head Noun × Local Noun interaction; and the Group ×
Animacy ×HeadNoun interaction. Deviant agreement was less
common in natives than in early arrivals [Ms = 3.53 vs. 8.26;
log-odds estimateB = –1.937 (SE = 0.71), z = –2.738, p < .001],
but animacy was not a significant predictor (all contrasts, p >
.05). Errors were more common for singular than for plural
head nouns (log-odds estimate B = 1.712, SE = 0.38, z =
4.448, p < .001) and for plural than for singular local nouns
(log-odds estimateB = 0.788, SE = 0.25, z = 3.151, p < .001). In
addition, the difference between mismatch errors (Ms: SP =
3.45, PS = 1.39) and match errors (Ms: SS = 0.26, PP = 0.76)
was greater for singular than for plural head preambles
(reflected by the Head × Local Noun interaction: log-odds es-
timate B = –3.807, SE = 0.42, z = –9.059, p < .001).

Table 2 Mean log10 frequencies (SDs in parentheses) for the singular
and plural versions of the head and local nouns in each animacy
combination

Animacy Head Nouns Local Nouns

Singular Plural Singular Plural

AI 2.66 (0.73) 2.10 (0.63) 3.44 (0.58) 2.44 (0.59)

IA 3.02 (0.42) 2.24 (0.44) 3.21 (0.87) 2.56 (0.72)

II 2.85 (0.82) 2.24 (0.61) 3.20 (0.63) 2.36 (0.47)

Frequencies were obtained from SUBTLEXUS (Brysbaert & New, 2009).
A = animate, I = inanimate.
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Overall AoA and animacy effects The results in Table 3
indicate fewer agreement errors in early arrivals than in later
arrivals (consistent with critical-period constraints on acquir-
ing L2 grammars). However, Figs. 1 and 2 indicate that the
age-related increase in deviant agreement is restricted to IA
and II preambles with a plural head noun. The fact that AoA
effects are absent (or minimal) in the case of AI preambles is
inconsistent with the critical-period hypothesis, since it im-
plies that early and late L2ers do not differ in their potentials
to acquire new grammatical features.

Statistical analyses confirmed the visual impressions
above. The predictors were AoA (early, intermediate, late);
animacy (AI, IA, II); head number; local noun number; all
interactions between group, animacy, and head number; and
the Head × Local Noun interaction. The model was pruned
stepwise by deleting nonsignificant interactions when likeli-
hood ratio tests indicated that the deletion did not degrade the
fit of the model. It should be noted that variables with three
levels generate complex models, because two levels are com-
pared to the default (which corresponds to the alphabetically
earlier level), but these two levels are not compared with each
other. In particular, the regression compared intermediate and
late AoAs to early AoAs (the intercept or baseline for AoA),
and both IA and II to AI (the intercept for animacy). The
contrasts between intermediate and late AoAs and between
IA and II were obtained by changing the intercept.

No significant AoA differences in number agreement were
elicited by AI preambles (log-odds estimate Bs = 0.513 and
0.528, SEs = 0.40 and 0.41, zs = 1.278 and 1.294, ps = .20).
Intermediate and late AoA did not differ reliably from each
other in the production of IA and II verb number errors (ps >

Table 3 Total correct agreement, agreement errors, and proportions of
agreement errors in natives and L1-Chinese L2ers by AoA group (SDs in
parentheses)

Response Type Proportion of Errors

Condition Correct Errors Othera

Natives (n = 19)

SP 224 (1.40) 42 (1.25) 19 (1.09) .16 (.03)

SS 263 (1.75) 3 (0.30) 19 (1.09) .00 (.00)

PP 253 (2.83) 13 (0.75) 19 (1.15) .05 (.02)

PS 252 (4.17) 9 (0.48) 24 (1.30) .03 (03)

Early AoA (n = 19)

SP 174 (4.41) 90 (4.34) 21 (1.9) .34 (.03)

SS 267 (1.75) 7 (1.06) 11 (1.36) .02 (.01)

PP 251 (2.79) 16 (1.6) 18 (1.11) .06 (.02)

PS 220 (4.17) 44 (3.8) 21 (1.86) .17 (.03)

Intermediate AoA (n = 19)

SP 182 (3.81) 86 (3.57) 17 (1.59) .32 (.03)

SS 253 (2.59) 13 (1.79) 19 (1.97) .05 (.01)

PP 231 (3.04) 30 (2.39) 24 (2.02) .11 (.02)

PS 194 (2.25) 79 (3.32) 12 (1.44) .29 (.02)

Late AoA (n = 17)

SP 205 (3.43) 47 (3.01) 3 (0.53) .18 (.02)

SS 239 (1.91) 13 (1.63) 3 (0.57) .05 (.01)

PP 201 (2.79) 50 (2.83) 4 (0.60) .20 (.01)

PS 174 (3.99) 78 (3.82) 3 (0.30) .31 (.03)

MAX = 285 for all groups, except late = 255; Proportion of Errors = total
errors/(total errors + total correct); AoA = age of arrival in L2-dominant
country, S = singular, P = plural. aOther = uninflected verbs or noun
number change, unscoreable.
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Fig. 1 Mean verb number agreement errors by age-of-arrival (AoA) group and animacy (A = animate, I = inanimate) for singular–plural (SgPl)
preambles (dark bars) and singular–singular (SgSg) preambles (light bars).



.19), but both groups produced significantly more IA and II
errors than early arrivals [log-odds estimate Bs = 0.904 and
1.026, respectively, for intermediate vs. early contrasts for
both IA and II (SEs = 0.36 and 0.40, respectively), zs =
2.487 and 2.595, ps = .012 and .009; Bs = 1.259 and 1.473
for late vs. early contrasts for IA and II (SEs = 0.36 and 0.39),
zs = 3.452 and 3.738, ps < .001]. Animacy did not reliably
influence subject–verb agreement in early arrivals (error Ms:
AI = 2.38, IA = 2.78, and II = 3.00; SDs = 2.32, 2.89, and
3.21; ps = .15 to .67). For intermediate arrivals, II (M = 3.53,
SD = 1.68) did not differ reliably fromAI or IA (respectiveMs
= 3.47 and 3.90, SDs = 2.5 and 2.04, ps = 22 and .16), but AI
elicited fewer errors than IA (log-odds estimate B = 0.727, SE
= 0.28, z = 2.557, p = .01). In late arrivals, IA and II did not
differ reliably (Ms = 4.31 and 3.70, SDs = 2.05 and 2.15, p =
.26), and both elicited significantly more errors than AI (M =
3.06, SD = 2.65) [log-odds estimateBs = 1.066 and 0.787 (SEs
= 0.28 and 0.29), zs = 3.752 and 2.72, ps < .001 and .006].
Finally, mismatch preambles (SP/PS) elicited more errors
across AoA than did match preambles (SS/PP), reflected by
a significant Head × Local Noun interaction: log-odds esti-
mate B = –3.399 (SE = 0.25), z = –13.707, p < .001.

Effect of head number The next set of contrasts confirmed
that the age-related changes in the effect of the number of the
head noun were restricted to IA and II; AI errors were com-
parably greater after singular than after plural head nouns
across AoA (Ms for singular and plural: early = 1.37 and
0.95; intermediate = 1.95 and 1.47; late = 1.71 and 1.35; ps
> .30). However, in the case of IA, the singular head > plural
head asymmetry for early arrivals differed significantly from
the head number asymmetry for both intermediate and late
arrivals (Ms: early = 1.58 and 1.31 vs. intermediate = 1.48
and 2.42, late = 1.26 and 3.24; log-odds estimate Bs = .877
and 1.753 (SEs = 0.43 and 0.45), zs = 2.052 and 3.901, ps =
.04 and <.001). II displayed the same AoA differences in head

number asymmetry as IA (Ms for singular and plural: early =
2.15 and 0.89, intermediate = 1.63 and 1.95, late = 0.78 and
2.90) [log-odds estimate Bs = 1.900 and 2.836 (SEs = 0.84 and
0.83), zs = 2.25 and 3.48, ps = .02 and <.001]. Intermediate
AoAs, in turn, differed significantly from late AoAs for both
IA and II [Bs = 0.876 and 1.437 (SEs = 0.43 and 0.44), zs =
2.055 and 3.227, ps = .04 and .001].

It is plausible that inefficient processing of plural morphol-
ogy contributed to the age-related increase in singular verbs
after plural head nouns and the concomitant reduction in SP
errors seen in Fig. 1. Even so, the absence of reliable AoA
differences for AI preambles implies that late L2ers are as
capable of acquiring new grammatical features as are early
arrivals. The animacy effects revealed in Figs. 1 and 2 and
confirmed by the statistical analyses are precisely what would
be expected if processing II and IA preambles consumes more
resources than is the case for AI, and consequently leaves
fewer resources for computing verb number agreement (and/
or efficient processing of plural inflections). The next section
provides evidence supporting the resource limitation hypoth-
esis, in the form of results from the memory tasks.

Memory tasks

Table 4 contains means for the DF, DB, and alphabet
tasks. One-way between-subjects analyses of variance
(ANOVAs) indicated no AoA differences for the DB
task [F1(3, 71) < 1], but significant group differences
for the DF and alphabet tasks [respective F1s(3, 71) =
9.24 and 3.11, MSEs = 9.33 and 10.58, ps < .001 and
.032]. Natives and early arrivals did not differ in for-
ward number recall (p = .24) or alphabetically reordered
word recall (p = .99), but both groups surpassed late
arrivals on these tasks (for natives, respective ps <
.001 and .03; for early arrivals, ps = .007 and .05);
intermediates reliably exceeded late arrivals in forward

0

0.5

1

1.5

2

2.5

3

3.5

IIIAAI

PlSg

PlPl

M
ea

n
 A

g
re

em
en

t 
E

rr
o

rs
 

Plural Head Errors by AoA Group in the AI, IA, and II Conditions

Native Early Middle Late Native Early Middle Late Native Early Middle Late

546 Mem Cogn (2016) 44:538–553

Fig. 2 Mean verb number agreement errors by age-of-arrival (AoA) group and animacy (A = animate, I = inanimate) for plural–singular (PlSg)
preambles (dark bars) and plural–plural (PlPl) preambles (light bars).



number recall (p = .02). The results for the alphabet
task, in particular, indicate deficient resources in late
arrivals for processing and manipulating L2 verbal ma-
terials, relative to early arrivals and native speakers.

Table 5 displays Pearson correlations between the total
numbers of agreement errors elicited by IA and II plural head
preambles (PS + PP), singular head preambles (SP + SS), the
memory tasks, and the demographic variables. Plural head
errors were initially examined separately for PS and PP se-
quences, but subsequently were combined because they cor-
related highly with each other and generated nearly identical
intercorrelation patterns. AI errors were not included because
the nonsignificant AoA differences for AI could mask or re-
duce a possible influence of AoA on agreement errors in the
hierarchical regression analyses (see below). Only the Age
Conversed variable was included, because the high intercor-
relations between the ages at which participants understood,
spoke, or conversed in English (r = .80 or above) implied all of
the variables measured the same factor.

Singular head errors correlated significantly with Age
Conversed in English (p = .04) and marginally with
Years in Engl ish schools (p = .06) and AoA

(p = .07). Plural head errors correlated reliably with
all three memory tasks; the greater correlation with DF
than with DB or alphabet reordering may reflect the
wider range of scores for DF. However, plural head
errors also correlated significantly with AoA and all
other demographic variables, but the relative contribu-
tions of the memory tasks and the demographic vari-
ables were indeterminable, due to the intercorrelations
between them. This confounding was disentangled
through hierarchical (ordinary) linear regressions with
(II/IA) plural head errors as the dependent variable.
The models focused on determining the relative contri-
butions of the memory tasks (resource limitation) and
AoA (critical period) to variance in deviant agreement.

In Model 1 (Table 6), DF was entered first because of its
high correlation with plural head errors. Four significant par-
tial correlations emerged after entering DF; LOR (r = –.370, p
= .006), percent of day speaks English (r = –.312, p = .023),
AoA (r = .279, p = .043), and percent of daily L2 exposure (r
= –.277, p = .046). LOR, entered at Step 2 because of its high
partial correlation, predicted an additional 11 % of variance
and left DB and percent speaks English as equal candidates for
Step 3 (both partial rs = –.249, p = .068). DB added 4 %
toward explaining variance for IA/II agreement errors; when
percent speaks English was added at Step 3 instead of DB, it
also accounted for an additional 4 %.

In Model 2, DB and DF were both potential pre-
dictors, after LOR was entered at Step 1 (DB,
r = –.372, p = .006; DF, r = –.369, p = .007); partial
correlations for current L2 exposure and percent of
time speaking English were also reliable at Step 2
(both partial rs = –.30, p = .03) but were lower than
those for DB/DF. Consequently, DB was entered at
Step 2 and accounted for an independent 11 % of

Table 4 Mean recall scores (SDs in parentheses) on digits forward,
digits backward, and alphabet tasks in native and L2 English speakers
as a function of AoA group

Group Digits Forward Digits Backward Alphabet

Native 16.5 (3.80) 13.7 (3.40) 8.8 (3.85)

Early 14.8 (2.41) 13.9 (4.31) 8.9 (3.06)

Intermediate 13.6 (2.61) 14.2 (3.00) 7.2 (3.37)

Late 11.4 (3.43) 13.8 (4.02) 6.1 (2.13)

See the text for the scoring and results of the statistical tests.

Table 5 Correlation matrix for IA and II verb number errors, the memory tasks, and demographic variables for the L1-Chinese L2ers

Variable 1 2 3 4 5 6 7 8 9 10

1. PlHd –

2. SgHd –.21 –

3. Digit-F –.46** .04 –

4. Digit-B –.37** –.11 .43** –

5. Alphabet –.24* .11 .54** .33* –

6. AoA –.43** –.20 –.48** –.09 –.31* –

7. LOR –.46** .05 .34* .09 .17 –.57** –

8. AgeL2Conv .32* –.24* –.37** –.12 –.34** .86** –.48** –

9. %SpkL2 –.38** .15 .25* .14 .14 –.49** .30* –.46* –

10. YrsL2Schl –.37** .21 .43** –.04 .35** –.87** .70** –.80** .50** –

11. %L2Exp –.38** –.11 .35** .21 .32* –.50** .38 .47 .71 .46**

PlHd = PS + PP errors; SgHd = SP + SS errors; AoA = age of arrival in English-dominant country; LOR = length of residence in English-dominant
country; AgeL2Conv = age first conversed in English; %SpkL2 = percent of day speaks English versus L1; YrsL2Schl = number of years in English-
language school; %L2Exp = percent of day exposed to English versus L1. * p < .05, ** p < .01.

Mem Cogn (2016) 44:538–553 547



variance in IA/II plural head agreement errors.
Percent speaking English was entered next because
the partial correlation for this variable was reliable
at Step 3 (partial r = –.27, p = .053), and it added
5 %.

Model 3 confirmed that DB, DF, and LOR were potential
predictors after controlling for AoA at Step 1 (respective par-
tial correlations: DB, r = –.365, p = .007; DF, r = –.324, p =
.018; LOR, r = –.295, p = .032). DB added significant vari-
ance when entered at Step 2 (almost 11 %); entering LOR at
Step 3 (partial r = –.297, p = .032) explained an additional 6 %
of variance in plural head errors, and left no further candidates.

In sum, LOR and DB/DF are reliable predictors of variance
in plural head IA/IA agreement errors when AoA is con-
trolled, whereas AoA is not a reliable predictor when DF
and LOR are partialed out. These results support the resource
limitation account of errors, rather than the critical-period
explanation.

General discussion

Elicitation of subject–verb errors was used to test
whether the acquisition of subject–verb number agree-
ment by L1 Chinese speakers is subject to maturational
constraints or to resource limitations that disrupt access
to grammatical knowledge. Verb agreement was reliably
more secure overall in native speakers than in early
arrivals, and in early than in late arrivals. Although this
overall pattern is consistent with what would be

expected if L2 acquisition is constrained by a critical
or sensitive period (Johnson & Newport, 1989), signif-
icant AoA differences between L2ers were restricted to
IA and II preambles with plural head nouns. The ab-
sence of reliable AoA differences for AI preambles in-
dicates that late learners can acquire new grammatical
features; in particular, it suggests that the mental repre-
sentations and procedures for computing subject–verb
agreement are available to late learners whose native
language does not use verb number concurrence. The
difficulty with agreement in the case of II and IA pre-
ambles and the absence of such an effect for AI are
explicable in terms of insufficient resources for handling
agreement under high processing cost, and this view
was supported by an inverse correlation between scores
on all three memory tasks and II/IA errors, as well as
by the results of the hierarchical regressions.

The fact that the verb number concordance deficiency was
almost entirely restricted to preambles with a plural head noun
suggests that it partly resides in handling plural morphology
under conditions of high processing cost, as is elaborated in
the next section.

Plurality and processing complexity

Bock and Eberhard (1993) and Eberhard (1997) pro-
posed that the lemma for a singular count noun does
not carry a grammatical specification for number,
whereas the lemma for a plural count noun is tagged
with a grammatical feature for number (see also Corbett,
2000, 2006). If the verb agreement mechanism detects
an activated number feature on the head noun phrase in
the mental representation of the structure of the sen-
tence, it assumes that the noun is plural and retrieves
or generates a plural verb form. If no number feature is
detected, the agreement device assumes by default that
the noun is singular and retrieves or generates a singular
verb form.

Plural forms seem to be more complex than singular
forms and to be especially likely to heighten cognitive
complexity when combined with other sources of com-
plexity (Franck, Vigliocco, & Nicol, 2002). Kail and
Bassano (1997) found longer latencies for detecting
agreement deviance in French preambles in PP than in
SS conditions and in PS than in SP conditions. Fayol et
al. (1994, Exp. 2) reported that performing a cognitive
task (counting clicks) while transcribing dictated French
language noun–noun–verb sentences was more disrup-
tive to subject–verb agreement when both nouns were
plural than when they were singular. Consistent with the
assumption that dealing with plural nouns is resource-
consuming, click-counting errors were greater when
head nouns were plural than when they were singular.

Table 6 Summary of three different hierarchical regression models
examining agreement errors elicited from L1 Chinese by plural head
preambles in the IA and II conditions

Step and predictor R R2 ΔR2 ΔF df p

Model 1

Digit-F .46 .21 .213 14.06 1, 53 <.001

LOR .57 .32 .108 8.10 1, 52 .006

Digit-B .60 .36 .044 3.48 1, 51 .068

Model 2

LOR .46 .21 .214 14.12 1, 53 <.001

Digit-B .57 .32 .109 8.17 1, 52 .006

%SpkL2 .61 .37 .050 3.94 1, 50 .053

Model 3

AoA .43 .19 .189 12.13 1, 53 .001

Digit-B .54 .30 .108 7.85 1, 52 .007

LOR .60 .36 .061 4.84 1, 50 .032

LOR = cumulative length of residence in English-dominant country;
%SpkL2 = percent of day speaks English rather than L1; AoA = age of
arrival in English-dominant country.
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Neurophysiological support for the notion that plurals
heighten processing costs comes from Kaan (2002), who ma-
nipulated clause length and grammatical number (SP, SS, PP,
PS) in grammatical and ungrammatical Dutch sentences. The
critical clauses were in subject–object–verb order, as in the
following ungrammatical SS example (subject and critical
verb in italics):

(18) Hoewel volgens het gerucht de Keizer de dissident
*zullen gaan

Although according to the rumor the emperor the
dissident *will-plural go

verbannen is er veel tegenstand.
ban is there much opposition.

Event-related potential recordings were obtained while par-
ticipants read the sentences word-by-word and judged their
grammaticality. Ungrammatical sentences contained a verb
that disagreed in number with the subject (the Dutch version
of the example occurs with the plural zullen rather than singu-
lar zal, and thus conflicts with the singular subject de Keizer).
The immediately pertinent finding concerns the P600 compo-
nent, a late positive wave that reflects difficulty with syntactic
integration (e.g., Featherstone, Gross, Münte, & Clahsen,
2000) and/or processes of repair or reanalysis following de-
tection of an actual or seeming violation (e.g., Friederici,
Hahne, & Mecklinger, 1996). As compared to the onset of
the P600 for ungrammatical SP sentences (450–500 ms), on-
set of the P600 was delayed for ungrammatical PS sentences
(500–550 ms), and even more delayed for ungrammatical PP
sentences (550–600 ms). According to Kaan, plural nouns
burden the sentence-processing mechanism more than singu-
lar nouns; the added load can draw some resources away from
diagnosis and repair, leading to P600 delays for items with
more plural nouns. Kaan further suggested that tracking plural
features (on the subject) can be affected by linear distance,
including the distance between the subject and verb
(consistent with Reichle, Tremblay, & Coughlin, 2013).
Although generalization from languages with rich inflectional
systems (French and Dutch) to English is not possible, the
available results are consistent with the notion that plurals
are more complex than singulars.

Resource limitation effects on verification and repair
Psycholinguistic models of verb agreement also assume that
verification processes are adversely affected when re-
sources are strained. Fayol and collaborators (e.g.,
Fayol et al., 1999; Fayol et al., 1994; Hupet et al.,
1998) proposed a two-step model that imputes subject–
verb agreement conflict to inefficient checking and re-
vision. The first step is an automatic procedure of copy-
ing the number feature of the noun immediately preced-
ing the verb onto the verb. When this noun is not the

head noun, activation may spread from that noun to the
verb instead of from the head noun, generating an at-
traction error. However, the second step is the pertinent
one here. At this stage, a checking and revision process
verifies the output of the automatic routine, and when
conflict is detected, recomputation occurs (consistent
with Kaan, 2002). Hartsuiker and Barkhuysen (2006)
held that verification targets the level of syntactic inte-
gration; when number conflict is detected, verification
processes retrieve the grammatical information and
may undo an incorrect solution, provided there are suf-
ficient resources. Both Fayol and colleagues and
Hartsuiker and Barkhuysen assumed that the verification
processes are resource-consuming and that their efficien-
cy is compromised when processing/working memory
resources are limited.

Greater difficulty with agreement in IA preambles had been
predicted on the assumption that they involve a revision of
processing expectations and more intensive semantic–syntac-
tic analysis than AI preambles (which also holds for the II
case). Although the difficulty with plurality was not predicted,
more intensive, extensive processing of IA/II than of AI pre-
ambles would leave relatively fewer resources for processing
and/or maintaining number information. In turn, this would
increase the likelihood of erroneously generating or retrieving
a singular rather than a plural verb. The fact that the subject
and verb were separated by the local noun may also have
increased the difficulty of tracking plurality on the head nouns
(cf. Kaan, 2002; Reichle et al., 2013).

If residual resources for processing plurality were greater in
the case of AI than of IA/II, AI preambles should have elicited
more SP attraction errors than the IA/II sequences, which is
precisely what one sees for late arrivals in Fig. 1 (although the
difference was not significant). It is also plausible to assume
that IA/II plural head number conflicts were more likely to
evade detection by checking procedures than were AI con-
flicts because fewer resources would be available to these
processes in the IA/II case. Native speakers and early arrivals
may also have found IA/II more difficult than AI preambles,
but their larger reserve of L2 resources than are available to
later L2ers would allow them to handle plurality without
overtly adverse consequences.

A counterargument to this account of the animacy
effect is that plurals were easier to process on animate
than on inanimate nouns because Mandarin (the version
of Chinese for most of the later arrivals) optionally at-
taches a suffix (-men) on plural animate nouns that con-
ceivably would facilitate selective transfer of the notion
of a suffix for plural number. In the case of pronouns,
the suffix -men does denote more than one (e.g., wo =
I, wo-men = we), but researchers dispute whether it
denotes plurality, collectivity, or definiteness when
added to common nouns (Cheng & Sybesma, 1999;
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Iljic, 1994; Y.-H. A. Li, 1999). However, the transfer
account could be tested here, because two of the ten
plural animate subject fillers were irregular plural nouns
ending in -en (children, men). If late arrivals processed
-men (or -en) as a marker for plurality, they should have
produced fewer verb number errors to these fillers than
to the eight regular animate plurals (e.g., babies).
Children elicited only one error from late arrivals, but
men accounted for 38 % of all animate plural agreement
violations.

Implicit versus explicit grammatical knowledge Although
the results indicate that late L2ers have difficulty with
plural morphology (consistent with Jiang, 2004), their
sensitivity to grammatical plurality in the case of AI
preambles is inconsistent with Jiang’s contention that
even proficient L2ers are insensitive to plural morphol-
ogy during online tasks. Perhaps the materials in Jiang’s
study were slanted toward inanimate– inanimate
sentences (a condition that elicited difficulty with plural
morphology in the present work). If so, his results may
reflect insufficient resources for efficient processing of
plurals (which would explain why his L2 participants
took longer to process plural than singular nouns, as
was noted earlier). However, Jiang’s distinction between
implicit and explicit morphosyntactic knowledge in na-
tives and L2ers needs further discussion here (see
Bialystok, 1978, for a discussion of the distinction
between implicit, unconscious, automatically activated
rule knowledge vs. explicit, conscious knowledge; and
Paradis, 2004, and Ullman, 2001, for procedural vs.
declarative knowledge).

Jiang (2004, 2007) regarded morphosyntactic knowl-
edge in native speakers as being implicit in nature, au-
tomatically activated, and applied unconsciously, where-
as knowledge in even highly proficient L2ers is explicit
and not an automatic part of their L2 competence (for a
discussion of automaticity in L2 acquisition, see
Segalowitz & Hulstijn, 2005). He argued that implicit
grammatical knowledge is essential for online sensitivity
to grammatical deviance; although L2ers may do well in
offline tasks such as grammaticality judgment tests by
applying their explicit knowledge, they may have diffi-
culty with the same linguistic feature or rule during
online processing, because they lack implicit L2
knowledge.

Jiang (2004, 2007) also held that L2 speakers do not ac-
quire automatic competence even after many years of immer-
sion in the L2, and pointed to inflectional errors in the two L1-
Chinese L2ers studied by Aaronson and Ferres (1987), one of
whom was born in the United States, and the other of whom
arrived at age 5. Both were highly proficient in English and
yet made errors in their use of the past tense and plural. The

greater frequency of agreement errors in the present sample of
early arrivals, relative to natives, is superficially consistent
with this position, but their large number of singular–plural
attraction errors clearly demonstrates sensitivity to plurality
during online processing (and, in principle, indicates implicit
knowledge).

The large number of errors in early arrivals was unex-
pected, as they had acquired English informally, through
the aural medium, rather than through explicit instruction
in the grammar of English, as in late arrivals (and some
intermediate arrivals). However, Chinese was their home
language during early childhood, and on the average, they
still spoke Chinese approximately 20 % of the day. But in
fluent bilinguals who use both languages regularly, both
languages are active and available, even when only one
language is being used. As a group, bilingual adults have
lower scores on verbal fluency tasks than do monolin-
guals, a finding that has been attributed to cross-
language interference (e.g., Gollan, Montoya, Fennema-
Notestime, & Morris, 2005). If so, the greater frequency
of erroneous agreement in early arrivals than in natives
could reflect interference from (or competition with)
Chinese, and/or a consequent expenditure of resources on
inhibiting the L1. The fact that greater current use of
English than Chinese contributed to variation in plural
head IA/II errors after controlling for LOR and DB further
suggests that the more one uses the L2, the less the inter-
ference from the L1.

In conclusion, the results of this work indicate that late L2
learners can acquire new grammatical features but have diffi-
culty applying their knowledge under conditions of heavy
processing load. In addition, the importance of LOR and of
using the L2 seen in the regressions echoes N. C. Ellis
(1991, 1998), who stressed the contribution of informal L2
exposure. He regarded linguistic knowledge as derived from
a huge collection of memories of previously encountered ut-
terances that allow for the emergence of linguistic regularities
as central tendencies in the databases of related memories.
According to Ellis, L2 grammars emerge in the form of us-
age-based, piecemeal learning of grammatical forms and of
frequency-based abstractions. Formal instruction (explicit
knowledge) is indispensable, but it can impede acquisition
when it distorts patterns that occur in naturalistic expo-
sure. Nascent constructions need to be continuously
tuned through immersion in the language so that they
can become ingrained in the learner’s competence and,
over time, automatically available (see also Paradis,
2004; Ullman, 2001). The results here are consistent
with this perspective; with increased exposure to the
L2, fewer resources are needed for processing verbal
material, thereby allowing larger chunks of input to be
held in memory and encoded, which in turn enhances
the likelihood of analyzing out L2 grammatical features.
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