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INFLECTIONAL MORPHOLOGY

Victoria A. Murphy
University of Oxford

Pinker and Prince (1988) argued that two dissociable systems under-
lie the development of linguistic representations: one rule governed
and the other associative. These two dissociable systems of repre-
sentation and processing are claimed to be a linguistic universal
(Pinker, 1999). Therefore, one should expect that nonnative speak-
ers of a language also manifest the same kinds of dissociations in
performance between rule-based and associative features of lan-
guage as native speakers. The study reported here extends the work
of Prasada and Pinker (1993) into the second language (L2) domain
to test whether nonnative speakers (a) perform similarly to native
speakers and (b) dissociate rule-based from associative features of
language. In Prasada and Pinker, the degree of similarity between a
nonce verb and a real English verb influenced past-tense general-
izations on nonce irregular verbs but did not influence generaliza-
tions on nonce regular verbs. In the experiment reported here, first
language (L1) and L2 participants of different ages and language
groups were compared on the same task as that used by Prasada
and Pinker. Participants overall produced more verbs with a past-
tense suffix for nonce regular items than for the nonce irregular items.
Significant group effects indicate that participants’ varying levels of
experience with English play an important role in their past-tense pro-
ductions of nonce verbs. Furthermore, similarity influenced both the
regular and irregular verbs on a production task. These results are
discussed in terms of whether there are two dissociable systems
underlying L2 linguistic knowledge and whether an alternative single
associative learning mechanism could be responsible for the devel-
opment of the system of regular and irregular inflectional morphol-
ogy in both L1 and L2 learning.
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The past few decades of psycholinguistic research have included consider-
able discussion as to how linguistic representations are structured and devel-
oped. A central debate is whether linguistic knowledge is best understood as
a system of hierarchically structured representations of principles and rules
(e.g., Chomsky, 1986; Fodor & Pylyshyn, 1988) or whether linguistic behavior
can be accounted for in terms of associative mechanisms and representa-
tions (e.g., MacWhinney, 1994; Rumelhart, Hinton, & McClelland, 1986). A hybrid
model has emerged that incorporates both a rule-governed system and a sys-
tem of associative memory (Pinker & Prince, 1994). This model—henceforth,
the dual-mechanism model—is said to encapsulate the regular, systematic fea-
tures of language, such as regular inflectional morphology in English, but also
to account for more irregular, exemplar-based linguistic features, such as irreg-
ular English inflectional morphology (Marcus, Brinkmann, Clahsen, Wiese, &
Pinker, 1995).

Much of the research supporting the dual-mechanism model has arisen from
work within first language (L1) acquisition. More recently, however, second
language (L2) researchers have explored whether the dual-mechanism model
can help to explain the development of L2 grammars (e.g., Beck, 1997; Clah-
sen, 1995; Ullman, 2001). In fact, Pinker (1999) has claimed that the distinction
between these two systems in general and the symbolic rule-based default in
particular is a linguistic universal.! If this is true, then one should find evi-
dence for these two systems and a symbolic default (i.e., a symbolically
represented rule that applies when retrieval from memory is not possible) oper-
ating in different languages and by different language users. It is important,
therefore, to test the predictions of the dual-mechanism model in a language
learning context other than L1 for (at least) two reasons. First, although the
dual-mechanism model may be an adequate explanation of the cognitive sys-
tems underlying L1 grammars, it may not be a relevant account of how L2
linguistic knowledge is represented. Second, if the dual-mechanism model
proves relevant for the L2 learning context, then SLA research could provide
a further framework for testing and exploring the model. The focus of the
research reported here was to investigate whether nonnative speakers (NNSs)
of English would manifest the same kinds of dissociation between rule-based
and associative features of inflectional morphology as native speakers (NSs).
Before discussing the specifics of this study, however, it is worth outlining
the dual-mechanism model and some representative evidence that has been
considered supportive of this approach.

DUAL-MECHANISM MODEL

An ongoing debate in cognitive science (see Bechtel & Abrahamsen, 1991; Clark,
1989; Pinker & Mehler, 1988) is whether a traditional symbolic account of cog-
nition (e.g., Pinker & Mehler) is more effective in accounting for human devel-
opment and cognitive performance than an associative, connectionist account
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(e.g., Elman et al., 1996). The traditional account proposes that knowledge of
language, for example, can be best understood in terms of a system of hierar-
chically structured symbolic representations. The associative-connectionist
account, on the other hand, suggests that language is not represented in terms
of a system of symbolic representations but rather an associated network of
distributed representations. One of the interesting issues generated by this
debate was initiated in Pinker and Prince (1988). In their critique of Rumel-
hart and McClelland’s (1986) connectionist model of past-tense formation,
Pinker and Prince argued for a dissociation between the regular and irregular
inflectional systems, where both the traditional symbolic and associative-
connectionist forms of representation are relevant. Pinker and Prince (1994)
outlined a number of strands of evidence that they believed supports the
model. One such strand concerns the influence of frequency on lexical access.

Prasada, Pinker, and Snyder (1990, as cited in Pinker & Prince, 1994) argued
that the token frequency of individual verb forms influences the speed to pro-
duce the past tenses of irregular but not regular items.? This is because the
irregularly inflected items are stored in an associative memory structure that
is influenced by variables believed to influence associative memory (like sim-
ilarity and frequency). Past-tense formation of regular items, however, is not
supposed to be subject to frequency effects (either type or token), because
these items are stored in a separate system that is impermeable to the influ-
ences of associative memory and, importantly, are computed on-line, outside
the lexicon by a symbolic rule. Although there is some evidence to support
the claim that frequency only (or at least more strongly) influences irregular
items (Bybee, 1985; Bybee & Slobin, 1982), there are a number of problems
with this account that are worth considering.?

In contrast to the idea that token frequency only influences irregular forms
(Prasada, Pinker, & Snyder, 1990, as cited in Pinker & Prince, 1994), other
research investigating lexical access has indicated that regularly inflected forms
are also influenced by (token) frequency (e.g., Stemberger & MacWhinney, 1986).
Stemberger and MacWhinney found that the rate of no-marking errors (i.e.,
failure to add the appropriate inflection onto the regular item) was higher for
lower frequency regular forms than higher frequency forms. If all regular items
are represented within the same system and are subject to the same pro-
cesses, such differences in frequency within regularly inflected lexical items
would not necessarily be expected.

Within SLA research, there are also studies that challenge the claim that
frequency effects influence irregular but not regular verbs. For example, Ellis
and Schmidt (1997) reported that participants who learned both regular and
irregular features of plural forms of an artificial language exhibited frequency
effects (on accuracy and reaction time) on both regular and irregular items
early on in acquisition. Additionally, Beck (1997) found that, for both native
and nonnative participants, frequency effects were observed both in regular
and irregular sets of verbs. Interestingly, the frequency effects on the regular
verbs in Beck’s study were in the opposite direction, such that past-tense forms
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of low-frequency regular verbs required less time for participants to produce
than high-frequency verbs.

As regular items are meant to be generated on-line by a computational rule,
their type frequencies should not influence the execution of the rule. Plunkett
and Marchman (1991) simulated past-tense development in children learning
English as an L1, using a model in which the input approximated the type
frequency of irregular verbs in English. Their connectionist model produced
the same kinds of past-tense production errors as those of English-speaking
children. Furthermore, the model’s learning curve followed the same U-shaped
developmental function characteristic of English-speaking children’s past-
tense development. Plunkett and Marchman argued that the variable frequen-
cies of the different verb types in the training set led the model to simulate
children’s patterns of development.

In contrast, Marcus et al. (1995) suggested that by looking at the German
“default” inflectional morphemes, past participle marker [-t], and plural marker
[-s], we see that these are treated quite differently from irregular morphemes.
The interesting issue here is that [-t] and [-s] are comparatively rare in the
input (i.e., have quite low type frequencies), and as such, a mechanism rely-
ing solely on frequency would not be able to reinforce a pattern that is rare.
However, Bybee (1995) proposed that differences in type frequencies of lexi-
cal items can lead to differences between regularly and irregularly inflected
items. Bybee argued that the low type frequency of the plural [-s] is also respon-
sible for its relatively low productivity in German. If the (type) frequency deter-
mines the productivity, then the plural [-s] in German cannot be an example
of a symbolic rule (as Marcus et al. argued). Again, symbolic rules should not
be influenced by characteristics of other items in the lexicon. By systemati-
cally comparing the performance of different types of single and dual-route
simulations, more recent work by Hahn and Nakisa (2000) has also demon-
strated that even with a low type frequency class (such as the German [-s]),
an associative, single-route explanation outperforms dual-route models on tests
of German plural inflection.

Furthermore, Hare, Elman, and Daugherty (1995) reported the findings of a
connectionist model that was able to categorize novel items (items the model
had not been trained on) as belonging to a category for which the model had
only seen a few exemplars in training (out of other categories for which the
model had seen many exemplars). Similarly, both Nakisa and Hahn (1996) and
Plunkett and Nakisa (1997) have shown that generalization to novel forms in
German and Arabic is more accurately predicted by their phonological simi-
larity to existing forms than by a default rule. This research indicates that
neural network models can learn or generalize about a small default class
of items without requiring symbolic rules being distinct from associative
mechanisms.

In summary, the dual-mechanism model predicts that differences in token
frequencies influence processing of irregular but not regular forms and that
the type frequencies of a regular verb class are not responsible for any differ-
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ences found between regular and irregular items. We can see, however, that
the evidence on frequency effects is not as clear-cut as originally presented in
Pinker and Prince (1994) and Marcus et al. (1995). Thus, the validity of the
model is open to further experimentation. One way to consider this model
further is to test its validity in a different sample of language users—namely,
NNSs. Such a test is particularly relevant given that the model is meant to
incorporate properties relevant to all language learning contexts (i.e., the two
systems of representation). Therefore, we would expect the same sorts of dis-
sociations to be evident within the L2 domain.

Another example of evidence considered supportive of the dual-mechanism
model concerns similarity. Similarity, like frequency, is said to influence the
processing of irregular inflectional features but not regular ones. Bybee and
Moder (1983) found that participants were more likely to generalize the past
tenses of irregular items to nonce verbs than to regular ones. For example,
spling would be inflected as splung more often than spiv would be inflected as
spuv (see Pinker & Prince, 1994). This finding was presumably based on the
similarity between the nonce (spling) and a real verb (e.g., fling). Prasada and
Pinker (1993) examined this phenomenon further and tested the predictions
of the dual-mechanism model against a more associative explanation. The focus
of their study was to identify how participants make generalizations about
the past tense of English. Prasada and Pinker considered rhyme a salient dimen-
sion and constructed two sets of novel verbs (one regular and the other irreg-
ular), each of which varied in terms of the degree to which they rhymed with
existing regular and irregular verbs in English. For example, plip rhymes with
many real English regular verbs (such as chip, clip, dip, and drip), so plip is
considered a prototypical nonsense regular verb. Intermediate verbs share
sequences of initial CC and V or final V and CC that do not appear in any
English regular verb (e.g., brilth). Distant verbs use final CCs that never appear
in English, initial CCs and vowels that never appear along with sequences of
vowels, and final CCs that actually violate phonological constraints in English
(e.g., ploamph). Prasada and Pinker generated two different groups of nonce
verbs along this similarity dimension: nonce regular and nonce irregular. Thus,
there were six different types of verbs:

Regular prototypical (e.g., plip; cf. drip, sip, flip)

Regular intermediate (e.g., smeeb; cf. beam, cream, gleam)
Regular distant (e.g., ploamph; cf. croak, choke, joke)
Irregular prototypical (e.g., spling; cf. cling, fling, sling)
Irregular intermediate (e.g., cleef; cf. bleed, breed, feed)

Irregular distant (e.g., goav; cf. blow, know, grow)
Using these verbs, Prasada and Pinker (1993) conducted a series of exper-

iments (and connectionist simulations) to investigate how participants would
rate and produce possible past tenses to the novel verbs. Recall that the cru-
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cial distinction in the stimulus set is how similar to an existing English verb
the novel verb is; there are two sets of novel verbs—one regular and one irreg-
ular. The model predicts that participants’ ratings or production of past tenses
should not vary on the basis of their similarity to the regular set. Participants
should prefer [-ed] on regular prototypical verbs, but this preference should
also apply to regular distant verbs, as suffixation would be operating as the
default. In essence, no difference is predicted across the three similarity dimen-
sions for the regular nonce verbs. The model makes different predictions, how-
ever, for the irregular set because similarity influences irregular but not regular
verbs. Participants should produce irregular past tenses that match existing
irregular past tenses for the prototypical irregular verbs, as they are looking
them up in their associative memory system and using the similarity between
the prototypical irregular stem and the existing irregular system to make the
generalization. However, the further away from the prototypical irregular the
novel irregular verb is, the more likely participants will prefer the [-ed] on
those irregular verbs. That is, participants should not be able to use similar-
ity to form the past tenses of irregular distant verbs, as there is no verb that
is similar to the distant irregulars in their associative memories. Therefore,
the default would be applied and these verbs would take the [-ed] suffix.

In Prasada and Pinker’s (1993) experiments 1 and 2, participants were asked
to rate possible past tenses (suffixed or vowel changes) on the novel set of
verbs. For example, participants would see the following sentences (with appro-
priate counterbalancing): “John likes to plip,” “Yesterday, John plipped,” and
“Yesterday, John plup.” Participants in both studies preferred the suffixed past
tenses over the past-tense forms derived from an interval vowel change. The
participants’ preferences for an irregular past tense decreased as a function
of distance from an existing irregular verb. Thus, the predictions of the model
were borne out on the preference task. In experiment 3, participants were asked
to produce the past tense for these novel verbs. Participants produced an
equal number of [-ed] forms for the regular nonce verbs, regardless of similar-
ity to existing regular verbs, but produced more [-ed] forms on irregular verbs
as a function of distance from the prototypical irregular verb.

In summary, Prasada and Pinker (1993) reported that participants’ behav-
ior conforms to the claim that regular and irregular inflections are dissoci-
ated, at least in the domain of L1 knowledge. Yet, as previously described, the
dual-mechanism model is not without criticism, and the data used to support
it can be interpreted using an alternative single-mechanism account. For exam-
ple, Prasada and Pinker’s findings were simulated within a purely associative
connectionist model (MacWhinney, 1993), and yet the same differences between
past-tense generalizations to regular and irregular nonce words were found.
Therefore, dissociations between regular and irregular items could be due to
factors other than discrete systems of representation. We have also seen that
some researchers have investigated these issues in the L2 learning context.
For example, Clahsen (1995), Lardiere (1995), and Murphy (2000) investigated
compounding in L2 learners and found that L2 participants produced more
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irregular plurals within compounds than regular ones. Beck (1997) showed that
L2 learners exhibit frequency effects in producing the past tenses of English
regular and irregular verbs. Furthermore, in their artificial L2 learning exper-
iment, Ellis and Schmidt (1997) reported that L2 learners show frequency effects
on both regular and irregular verbs early on in learning about inflectional prop-
erties of the L2.

These studies remain somewhat unclear, however, with respect to how
strongly they argue that L2 performance is explained by the dual-mechanism
model. For example, whereas Clahsen (1995) suggested that a dissociation of
plurals within compounds supports the model’s extension to L2 learning, Mur-
phy (2000) was more cautious in using the compounding task as a test of the
model and suggested that the associative alternative might better account for
regular and irregular dissociations in compounding. Additionally, Beck (1997)
and Ellis and Schmidt (1997) found results not predicted by the dual-mechanism
model (i.e., frequency effects on regular verbs) in NNSs and learners of an
artificial language, respectively. Furthermore, although there has been some
indication that a connectionist model (using a single-route, associative-learning
mechanism) could account for the results obtained in Prasada and Pinker
(1993), the context of that discussion was within the L1 domain, and it remains
to be determined exactly how such dissociations may (or may not) emerge
within the L2 context. Surprisingly few studies have systematically investi-
gated the claims of the dual-mechanism model within the L2 learning context.
It is important to do so, however, because if these two systems (one rule gov-
erned and the other associative) underlie the development of L2 grammars
and knowledge, then we will be closer to understanding which cognitive mech-
anisms are implicated in L2 learning. Investigating L2 knowledge in this way
also enables us to identify the ways in which L2 learners represent their L2
knowledge. Do they represent knowledge in two different systems (symbolic
and associative) as suggested by the dual-mechanism model, or do L2 learn-
ers rely more or less on one of these systems as has been suggested by some
past research (Beck, 1997; Ullman, 2001)? Some important differences between
L1 and L2 development might be better understood if L2 learners do rely more
heavily on one system than another, relative to L1 learners. The first step,
however, is to identify whether and to what extent L2 learners manifest the
same kinds of dissociations between rule-governed and associative linguistic
features and the extent to which predictions of the dual-mechanism model
are borne out in the L2 domain. Once it is clearly established that these ques-
tions are relevant for the L2 learning context, we can explore these issues in
much greater detail and identify how these issues determine the shape and
course of L2 learning.

Pinker (1999) has argued that the two dissociated systems are an artifact
of the human mind. Therefore, one would predict that L2 learners would also
be subject to the same constraints on representation and processing as pre-
dicted by the dual-mechanism model. One needs to first establish whether
there is any evidence that L2 learners manifest the same sorts of dissocia-
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tions as L1 speakers. Having done so, one can then start a more specific and
careful examination of the extent and nature of the differences between rule-
based and associative processes in L2 learning. It seems well justified, there-
fore, to conduct further tests of the model to (a) determine how relevant it is
in describing the development of L2 grammars and to (b) ascertain whether
its predictions are borne out in different learning contexts. As previously men-
tioned, given that the symbolic default is considered a linguistic universal
(Pinker), we should find that NNSs dissociate regular from irregular items. The
experiment described in the next section was developed with these questions
in mind.

EXPERIMENT

Recall that the stimuli developed in Prasada and Pinker (1993) were based on
similarity with real English regular and irregular verbs. The predictions, which
were supported by their experiments, were that similarity should not influ-
ence performance on the regular items but should influence ratings, produc-
tions, or both of past tenses of the irregular nonce verbs. That is, similarity
should affect the associative mechanism(s) but not the computational rule-
application mechanism. The associative mechanism crucially depends on prior
exposure and representation on which to base an analogy. In the case of L2
learners, if participants had little prior experience with the English past-tense
system, then it could be more difficult for them to use similarity as a basis to
form the past tenses on irregular verbs. However, as long as they had already
learned the rule for adding the suffix [-ed]—even with minimal experience with
the English past-tense system—they should not manifest a difference between
the three categories of nonce regular verbs (prototypical, intermediate, and
distant). Variation in exposure to English then should influence performance
on the nonce irregular verbs but should not influence performance on the
nonce regular verbs (provided participants have learned the rule). This pre-
diction led to the development of the research presented here, where a group
of NS children, NS adults, and NNS adults were compared on the same nonce
word task as Prasada and Pinker’s experiment 3.

It was anticipated that the NS adults in this study would perform as the
adults in the original Prasada and Pinker (1993) study, whereas the NNS adults
and the NS children would vary in terms of how they produce their past
tenses—both with respect to each other and with respect to the NS adults. If
the systems underlying L2 acquisition are fundamentally different from L1, one
would predict that the NS adults and NS children would produce similar past-
tense forms, whereas the NNS adults would produce quantitatively and qual-
itatively different responses. One possibility, for example, is that both regular
and irregular past-tense knowledge are in associative memory for NNS adults,
with dual systems being relevant for L1 acquisition only. Another possibility,
however, is that the NS children and the NNS adults could pattern together if
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“time-on-task” at learning English were an important variable. Prasada and Pink-
er’s study only tested adult L1 participants. It is possible that, by looking at
what younger L1 participants do with these nonce verbs, we will find that
they produce the same patterns as older participants who have learned English
relatively recently. If the dual-mechanism model is relevant for all partici-
pants, variability in past-tense production should only be found for irregular
verbs.

Assuming that the dual-mechanism model is applicable to learning L2 gram-
mars (as proposed by Pinker, 1999), the specific predictions of this research
are the following:

1. The NNS adults should manifest the same patterns of performance as the NS adults
and the NS children. That is, all groups should add more [-ed] forms to the regular
nonsense verbs than the irregular nonsense verbs.

2. Similarly, consistent with Prasada and Pinker (1993), there should be no effect of
similarity on the regular nonsense verbs for all groups of participants, but there
should be an effect of similarity on the irregular nonsense verbs, again, for all
participants.

3. As previously discussed, because the NS children and the NNS adults differ from
the NS adults with respect to the amount of exposure and experience with English,
these two groups (relative to the NS adults) could differ in the production of irreg-
ular past-tense forms but not regular ones. The exact direction of this difference
is not easy to predict, however, as no previous research has compared these groups
on such a task. Comparing these three groups thus results in two separate, but
related, predictions:

a. The NS children could pattern with the NS adults if L1 and L2 learning are fun-
damentally different.

b. However, the NNS adults and the NS children might pattern together, as they
have spent less time with English than the NS adults.

In either case (3a or 3b), any group differences should be manifest on the irreg-
ular and not the regular forms.

METHOD

Participants

A total of 60 participants were involved in this study. Twenty NS children were
recruited from a Hertfordshire junior school (8 males, 12 females; mean age =
8.9; range = 8.5-9.4). Twenty Anglophone psychology undergraduates at the
University of Hertfordshire (mean age = 24.4; range = 20.5-49.9) volunteered
to participate in the NS adult group (7 males, 13 females). The NNS adult group
consisted of 20 adult beginner English as a second language (ESL) students
(12 males, 8 females; mean age = 22.2; range = 20.1-24.6).

The NNS adult participants were recruited from a local language school
under the jurisdiction of the Educational Authority in Hertfordshire, England.
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Their previous exposure to English ranged from about 3 months to 8 years.
The time they had spent in England ranged from 1 to 6 months. All students
completed the language school’s in-house proficiency test, and all were regis-
tered in a beginner-level class. Importantly, this test identified that all partici-
pants had knowledge of the past-tense rule of adding [-ed] in English. The L1s
spoken by these participants included French, Italian, Korean, Spanish, Turk-
ish, and Croatian.?

Materials

The stimuli used in this study were 30 of the nonce verbs developed by Pras-
ada and Pinker (1993). Half (15) of the items were nonce regular and half (15)
were nonce irregular verbs. Within each of these two categories, the verbs
varied in terms of their similarity to real English verbs. Profotypical nonce verbs
rhymed with real English regular and irregular verbs, intermediate nonce
verbs shared some initial CCV_and _VCC sequences with real English regular
and irregular verbs, whereas distant nonce verbs did not. Thus, there were six
categories of verbs. Six real English verbs (three regular and three irregular)
were used as practice stimuli. The stimuli (from Prasada and Pinker) are pre-
sented in Table 1.5

For each verb, a drawing (from Windows 96 clip art) was presented that
showed a figure performing an ambiguous action (i.e., one cannot determine
what the figure is actually doing). Beneath each picture was a sentence-
completion task (from Bybee & Slobin, 1982): “This is X” (where X represents
the name of the figure). “X is a man who knows how to V.” “X is Ving.” “Yes-

Table 1. Stimuli verbs used in the experiment

Stimuli verb type Regular Irregular
Prototypical greem spling
plip sprink
brip cleed
gloke plare
slace cloe
Intermediate brilth fring
glinth ning
plimph grare
ploab preek
smaig cleef
Distant frilg blip
smairg trisp
trilb keeb
ploamph flape
smeelth goav
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terday, he _____.” An example is presented in Appendix A. All participants
received the same stimuli. Presentation order was counterbalanced such that,
within each group of participants, half received one order of presentation, and
the other half received the other order.

Procedure

The procedure for the three different participant groups was identical. Partici-
pants were tested in groups, and they were presented with a booklet where
each trial was presented on a single page. The experimenter read the text on
each card out loud, while the participants looked at their test booklets con-
taining the same trial information. Participants were asked to write down what
they thought was the correct past-tense form of the verb on each page of the
booklet. When the experimenter had confirmed that each participant in the
group had made a response, the group moved to the next trial (i.e., the next
page in the booklet). After completion of the practice trials the participants
were informed that they were going to undertake the same task but this time
with some “funny” verbs they had never heard before.’

RESULTS

Following Prasada and Pinker (1993), all participants’ responses were scored
as being suffixed or nonsuffixed. Spelling errors, such as double consonants
at the end of a nonsense word (greem — greemmed), were discounted. Suf-
fixed forms were those that ended in [-ed] or ended in [-d] if the verb stem
ended in /e/ or ended in [-t] if the final C of the stem was [-voice]. Nonsuffixed
forms had either an internal vowel change or no change between the base
and past-tense forms.” The data were analyzed using a repeated measures
multifactor analysis of variance with two within-subjects variables—verb type,
tested at two levels (regular and irregular); and similarity, tested at three lev-
els (prototypical, intermediate, and distant)—and one between-subjects fac-
tor: group, tested at three levels (NS adults, NNS adults, and NS children). An
initial analysis of variance that included order as a between-groups factor deter-
mined that there was no presentation order effect of the stimuli; thus, all sub-
sequent analyses were collapsed over this variable.

There was a main effect of verb type because, overall, participants were
more likely to suffix a nonce regular verb than a nonce irregular verb,
F(1, 57) = 233.24, p < .001, w? = 0.56 (partial omega squared), as found by
Prasada and Pinker (1993). There was a reliable effect of group: The NS chil-
dren produced more suffixed forms overall than the NS adults, F(2, 57) = 5.67,
p < .006, o> = 0.05. There were no reliable differences between the NNS adults
and the NS adults, or between the NS children and the NNS adults. These
results are illustrated in Figure 1. It is interesting to note that there was no
Group X Verb Type interaction (p > .12), which suggests the group effects
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Figure 1. Mean number of suffixed nonce verbs.

were similar for both regular and irregular items. An interaction would have
indicated that different groups treat regular and irregular verbs differently.
One prediction of the dual-mechanism model is that as long as all partici-
pants are able to apply the rule “Add [-ed],” there should be no difference
between groups on the regular items. Given that differences in exposure and
familiarity to items would influence processing of only those items in associa-
tive memory, group effects should have been evident on the irregular items
only, if at all.

There was a reliable effect of similarity, F(2, 114) = 69.1, p < .01, w? = 0.17,
with nonce verbs being more likely to be suffixed as a function of distance
from the prototypical English verb. There was also a Group X Similarity inter-
action, F(4, 114) = 3.94, p < .01, w? = 0.06. Post hoc Scheffé tests indicated
that the reliable interaction stems from a group difference between the chil-
dren and the NS adults only (p < .001). This effect is illustrated in Figure 2.
Overall, participants produced more suffixed verbs the further away from the
prototypical English verb the nonce verb is, as predicted by the model. Recall
that there were 10 verbs of each similarity type. The dual-mechanism model
crucially predicts that there will be a Verb Type X Similarity interaction. That
is, similarity should influence participants’ productions on the irregular verbs
but not on the regular verbs. Essentially, participants should be at ceiling in
producing suffixed forms for the regular verbs, while showing a steady increase
in the production of suffixed verbs on the irregulars. The analysis indicated
that there was indeed a Verb Type X Similarity interaction, F(2, 114) = 62.63,
p < .001, w? = 0.40. To further appreciate the nature of this interaction, two
separate analyses are presented, looking first at the irregular, then the regu-
lar verbs.

A repeated-measures ANOVA with one between-subjects factor (group, tested
at three levels: NS adults, NNS adults, and NS children) and one within-subjects
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Figure 2. Mean number of suffixed prototypical, intermediate, and distant
nonce verbs.

factor (similarity, tested at three levels: prototypical, intermediate, and dis-
tant), examining only the irregular verbs was carried out on the data. This
analysis revealed a group effect, F(2, 57) = 4.9, p < .01, »® = 0.04, a similarity
effect, F(2, 114) = 69.07, p < .001, w? = 0.43, and a Group X Similarity inter-
action, F(4, 114) = 4.73, p < .001, »> = 0.04. These effects are illustrated in
Figure 3. NS children overall produced more suffixed irregular verbs than either
the NS adult or NNS adult participants. The NS children and NS adults also
showed an increase in the number of suffixed irregular verbs as a function of

—o— NS children
—— NS adults
—a— NNS adults

Mean number of suffixed forms
(98]
wn

Prototypical  Intermediate Distant

Distance from real English irregular verb

Figure 3. Mean number of suffixed irregular verbs.
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distance from the prototypical. The NNS adults, however, showed a some-
what different pattern of results as revealed by post hoc Scheffé tests
(p < .01) and implicated in the reliable Group X Similarity interaction. Unlike
the NS children and the NS adults, the NNS adults suffixed fewer intermediate
than prototypical verbs, but like the other two groups of participants, they
suffixed more distant than intermediate irregular verbs.

The second analysis on the Verb Type X Similarity interaction examined
whether similarity affected the regular verbs as well. A repeated-measures
ANOVA with one between-subjects factor (group, tested at three levels: NS
adults, NNS adults, and NS children) and one within-subjects factor (similar-
ity, tested at three levels: prototypical, intermediate, and distant) examining
only the regular verbs revealed a group effect, F(2, 57) = 4.36, p < .02, 0® =
0.04, and a reliable similarity effect, F(2, 114) = 4.93, p < 0.01, w? = 0.03. Unlike
the irregular verbs, there was no Group X Similarity interaction.

Figure 4 illustrates that the effect of similarity is in the opposite direction
to the similarity effect found in the irregular verbs. That is, there is a decrease
in suffixation on the regular verbs that are distant. Although the direction is
different, a reliable similarity effect is found for both the irregular and the
regular verbs, unlike the findings of Prasada and Pinker (1993).

Participants did not differ in their patterns of nonsuffixed responses. Non-
suffixed responses constituted 17%, 18%, and 13% of the total responses for
the NNS adults, NS adults, and NS children, respectively. The majority of the
nonsuffixed past tenses were generated on the pseudo-irregular set of verbs
(88%, 79%, and 85% for the NS children, NS adults, and NNS adults, respec-
tively). The majority of these nonsuffixed responses involved vowel changes.
Table 2 provides a breakdown of nonsuffixed past tenses produced for each
of the nonce verb types and by each group. Also included in Table 2 is the
total number of past tenses formed with an internal vowel change (+VC) or

45 .ERO\.
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Figure 4. Mean number of suffixed regular verbs.
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Table 2. Incidence of nonsuffixed past tenses

Verb types NS children NS adults NNS adults
Regular
Prototypical 0% 1.6% 6%
(10 +VC) (4 +V0)
Intermediate 1% 1.3% .8%
(14+V0) (8 +V0C) (5 +VC, 1 NC)
Distant 1.3% 2.3% 1.1%
(8 +VC) (14 +VC) (6 +VC, 1 NC)
Irregular
Prototypical 7.1% 5.5% 5.5%
(43 +VC) (33 +VC) (33 +VC, 3NC)
Intermediate 4.1% 7.6% 7.6%
(24 +VC, 1 NC) (46 +VC) (43 +VC, 3NC)
Distant 5% 1.8% 3.1%
(2 +VC, 1 NC) (11 +VC) (18 +VC, 1 NC)

Note. Raw numbers of past-tense verbs with an internal vowel change (+VC) and no change (NC) are in parentheses.

no change (NC). The pattern of responding for the three groups of partici-
pants was similar, with no (for the NS adults) or few no-change responses
across each type of verb. In other words, when participants did produce
a nonsuffixed past tense, they preferred a vowel-change over a no-change
response. The vowel-change responses included changes that are found in
irregular verbs (e.g., spling — splang), as well as other vowel changes (blip —
bloop; frilg — frulg).

The results can be summarized as follows: (a) Overall, participants were
more likely to suffix regular than irregular nonce verbs, (b) NS children pro-
duced more suffixed verbs than either the NS adults or the NNS adults, (c)
there were similarity effects on the irregular verbs, (d) there were also reverse
similarity effects on the regular verbs, and (e) participants produced a similar
proportion of nonsuffixed past tenses, with a similar proportion of vowel
change to no change responses.

DISCUSSION

This study provides some support for the predictions of the dual-mechanism
model, but also some contradictions.? First, the model predicts a quantitative
difference between the regular and the irregular verbs. The regular verbs
should all be suffixed, whereas irregular verbs should be increasingly suffixed
as they move further away from the prototypical English irregular verb. As
illustrated in Figure 1, all groups did indeed suffix more regular than irregular
verbs, supporting one of the predictions of the model. This finding, confirm-
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ing one of the results from Prasada and Pinker’s (1993) experiment 3 with the
modified experimental procedure used in this study, supports the first predic-
tion of this experiment.

One goal of this research was to ascertain whether there would be group
differences in production of the past tenses of these nonce verbs. In particu-
lar, the study was designed to ascertain whether there are any fundamental
differences between English NSs (both adult and child) and NNS adults (pre-
diction 3a). Figure 1 shows that there were group differences, but the locus of
the difference was found between the NS children and the NS adults. Thus the
fundamental difference in this study lies not between L1 and L2 but rather
between the NS children and NS adults. Furthermore, there was no Group X
Verb Type interaction, which indicates that all three groups of participants
showed the same difference between regular versus irregular verbs. This evi-
dence suggests that the issues raised by the dual-mechanism model are rele-
vant to the L2 learning context, as these participants treated regular verbs
reliably differently from irregular verbs. This finding also suggests that L1 and
L2 learning are not fundamentally different in this respect, given that there
were no differences between the NS and NNS adults. Thus, prediction 3a is
not supported, as the NS children did not pattern with the NS adults. How-
ever, prediction 3b is partially confirmed, as there were no statistically signif-
icant differences between the NNS adults and the NS children. However, it
cannot be fully supported because the NNS adults were not statistically dif-
ferent from the NS adults, either. Both the NNS adults and NS children had
less exposure and experience with English than the NS adults. To accept this
evidence as supportive of the dual-mechanism model, however, one would have
to also accept that dissociations between regular and irregular inflectional fea-
tures are a direct result of two separate systems. Such an assumption may be
erroneous given the weight of evidence suggesting that dissociations can arise
without having to invoke two separate processing-representational routes.

A further issue concerning potential group effects was whether they would
be present on both types of verbs. Recall that, to generalize one’s knowledge
of an irregular past tense to a novel item, one must have already stored in
associative memory a representation of some form of a past-tense verb. For
example, if one is to generalize the past tense of swing to the nonce verb spling
(and hence produce splung as a possible past tense), one must have swung
stored as a past tense in associative memory. Therefore, participants who vary
in terms of how much exposure, familiarity, or both they have had with the
language in question might reasonably be expected to perform differently on
the set that is influenced by associative memory (i.e., the irregular verbs). If,
however, all participants have knowledge of the rule of forming the past tense
by adding [-ed], then one might reasonably expect to find no group differ-
ences on the regular set of nonce verbs.

The crucial issue regarding the potential group effects and the dual-
mechanism model concerns the interaction between regular and irregular
items. Assuming all three groups of participants had knowledge of the [-ed]
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rule, then any group differences should have only been apparent on the irreg-
ular items. Figures 3 and 4 illustrate that on both the irregular (Figure 3) and
regular (Figure 4) verbs, group effects were evident. Specifically, NS children
produced more suffixed verbs on both the irregular and regular verbs than
the NS adults. Recall that the NS children in this study were between 8 and 9
years old. One might reasonably conclude, therefore, that they had had suffi-
cient exposure to English and sufficient knowledge of the English past-tense
system to enable them to perform this task. Therefore, all participants in this
study would have had sufficient knowledge of the [-ed] rule but also would
have had knowledge of a variety of different irregular verbs. Given that the
NS children distinguished themselves from the NS and NNS adults on suffixa-
tion, it would seem that age was an influencing variable as to how partici-
pants suffixed the verbs in this experiment.

One possible explanation as to why NS children suffixed more than the NS
adults might come from what Pinker and Prince (1994) referred to as the block-
ing principle. In attempting to understand how the regular and irregular sys-
tems interact with one another, Pinker and Prince suggested that retrieval (from
memory) of an irregular past form blocks the application of the rule. They
also suggested that in real time, participants would search through memory
for a past irregular stem but, at the same time, feed the stem into the regular
rule mechanism. A match from memory then blocks the rule application. How-
ever, if there is no match from memory, the rule-application mechanism pro-
ceeds, and the verb is suffixed. This blocking principle might account for the
NS children suffixing more than the NS adults. Pinker and Prince noted that
“children’s memory traces are not strong enough to guarantee perfect retrieval”
(p. 344). That is, their memory traces and connections between stem and past
forms in associative memory will not be as strong as adults. A consequence
of weaker connections is that successful retrieval from memory will fail more
often in children than in adults. According to the blocking principle, then, if
there are more failures at retrieving an item from memory, there will be a com-
mensurate increase in the number of suffixed verbs.

There are at least two problems with this suggestion. The first is that in dis-
cussing weaker memory traces in children, Pinker and Prince (1994) were refer-
ring to much younger children than the ones tested in this study. Indeed, Pinker
and Prince were discussing the tendency to add [-ed] to either irregular stems
(e.g., break — breaked) or to already inflected irregular past forms (e.g., eat —
ate — ated) in children around 3 or 4 years old. Although it may be true that
children as young as 3 or 4 have weaker associations between irregular stems
and past forms, it is less obvious that children between 8 and 9 will also show
such weak connections in memory as to cause greater suffixation.

A second problem with the blocking-principle account relates to the NNS
performance. There was no statistically reliable difference between the NNS
and NS adults (or the NNS adults and the NS children) in terms of number of
verbs suffixed. One might have predicted NNS adults to suffix more, given that
they had spent the least amount of time learning and using English and hence
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could arguably have had the weakest memory traces for these forms. If this
were the case, one would have expected at least a difference between the NS
adults and the NNS adults. One would have to suggest, counterintuitively, that
something inherent in being a child (of 8 or 9 years) causes weak memory
traces and thus results in greater suffixation, despite the fact that arguably
the NNS adults actually had less exposure and familiarity with English than
the NS children.

Another possible explanation for greater suffixation by the NS children than
the NS adults might be related to attentional processes. The individual items
may have been more salient for the NS adults, the NNS adults, or both than
for the NS children. Many researchers have argued that L1 learning is largely
implicit, which suggests children are not in any conscious way attending to
the specific linguistic forms. Contrast that idea with Schmidt (1994), who argued
that language learners must “notice” a particular linguistic feature to learn it.
In the context of this study, it is likely that all participants would have noticed
that the verbs presented to them were odd in some specific ways. Indeed,
there may be an inherent explicitness to a task that requires participants to
find an analogy on which to base a new past tense. If this is true, and if chil-
dren of 8-9 years of age have weaker attentional processes, then they might
be expected to suffix more.

The roles of attention and memory have been considered to be powerful
determinants on learning in general (e.g., Cowan, 1997) and learning language
in particular (Ellis, 1994, 2001; Gathercole & Baddeley, 1993). Early theories
of attention suggested that if input is not attended to, then it will not be
encoded so as to be recalled later on (e.g., Broadbent, 1958)—an idea similar
to Schmidt’s noticing hypothesis (1994). In the past-tense generalization task
of this study, participants have to hold the nonce verb in their working mem-
ories as they search through their longer term associative memories to deter-
mine if there is a similar form on which to base an analogy. If children have
weaker attentional processes, it may be harder for them to hold and process
the nonce verb in working memory. If this were true, it may be more difficult
for them to find an appropriate lexical item in their associative memories on
which to base their analogies. Such a problem could then lead the child to
suffix the verb as they would be less likely to find an analogous item in their
associative memory. There is some evidence that older children are able to
search through their memories faster than younger children (Cowan, 1992;
Cowan et al., 1994), which suggests a developmental progression in memory
retrieval processes. If the adults were able to search through their memories
faster than the children in this experiment, then they would have been more
successful at finding the appropriate analogous representations and would have
suffixed less than the children.

It is difficult to determine at this stage whether such an explanation could
account for increased suffixation by the children. Further research is needed
to identify more precisely the role of attention, memory, and language learn-
ing in both L1 and L2 learning contexts for both children and adults.
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An additional focus of this study was to examine the second prediction
that similarity effects would only be manifest on irregular items. Recall that
the dual-mechanism model predicts that similarity should only influence irreg-
ular verbs. Figure 3 illustrates that, as predicted, there was a similarity effect
on the irregular verbs because more irregular verbs were suffixed as a func-
tion of distance from the prototypical irregular verb. Interestingly, Figure 4
also indicates a similarity effect on the regular verbs. The effect is in the oppo-
site direction in that fewer regular verbs are suffixed as a function of distance
from the prototypical.!” This similarity effect for the regular verbs, which holds
for all participants, does not support the dual-mechanism model. The meth-
odology used in the present experiment was not identical to that of Prasada
and Pinker (1993), as the nonsense verbs in this study were not introduced
within a semantic context as they were in Prasada and Pinker’s study. Ram-
scar (2002) has identified how important semantic context can be in biasing a
participant to inflect a nonsense verb using either a regular or irregular form.
The focus of this study was to identify the extent to which the phonological
characteristics of the nonsense verbs would influence the participants to derive
either a regular or irregular inflected verb form. It is possible, therefore, that
the unexpected similarity effect found here on the regular nonsense verbs is
due to the fact that the participants in this study had to rely entirely on pho-
nological characteristics of the nonce verbs, whereas in the original study,
Prasada and Pinker’s participants also had some semantic context.

If the differences between the original Prasada and Pinker (1993) study and
this one are due to this methodological difference, it would strongly suggest
that phonological properties (and importantly, participants’ perceptions of the
similarity between real English and nonsense verbs) lead participants to inflect
verbs in ways that are inconsistent with the predictions of the dual-mechanism
model. The findings in the present study are important because they provide
an opportunity to identify how the phonological similarity alone (without
recourse to any possible influence from semantics) influences generalization
of English past-tense inflection.

Similarity is assumed not to influence processing of regular verbs, as suf-
fixation is in some sense a blind computational procedure. At the very least,
as Prasada and Pinker (1993) suggested, processing of the regular verbs does
not depend on similarity in the way it does for irregular verbs. Prasada and
Pinker claimed that generalizations of regular inflections are made on the “basis
of a process that is not dependent for its success on how similar the phono-
logical properties of the stem are to previously encountered verbs under-
going that morphological alternation” (p. 28). This suggests that, although
similarity might influence processing of regulars, it does not have to, whereas
it does have to for the irregular items. Interestingly, Prasada and Pinker
reported the mean suffixation for the regular prototypical, intermediate, and
distant items as 9.5, 9.2, and 8.9, respectively. Although this difference in means
was not significant in their study, the pattern is in the same direction as the
significant effect found in this research. The results of the present experiment
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would then indicate that, without semantic context, similarity does influence
both regular and irregular verb formation. To reconcile these results with the
dual-mechanism model, one would have to suggest that under some circum-
stances (no semantic context), similarity can influence regular as well as irreg-
ular verbs, but in others (semantic context), similarity does not influence past-
tense generalization on regular verbs. However, such a suggestion directly
contradicts many claims Pinker (1999) has made concerning associative fac-
tors influencing only irregular items and is neither predicted nor explained in
current accounts of the dual-mechanism model.

Another approach that might help explain these findings is found in Ull-
man (2001). Ullman’s declarative-procedural model claims that the lexical and
grammatical systems are distinct systems (as the dual-mechanism model). Ull-
man’s model also maintains that one component (declarative) adheres to an
associative memory structure, whereas the other (procedural) underlies a
symbol-manipulation system (again similar to the dual-mechanism model). How-
ever, the declarative-procedural model differs from the dual-mechanism model
in that each of these two systems is subserved by its own set of more domain-
general, nonlinguistic functions or mechanisms. Ullman examined neuro-
logical evidence from patients with aphasia and other forms of language
impairment to support these claims.

The research presented in this paper was not designed to test Ullman’s
(2001) declarative-procedural model. However, it is interesting to examine some
of the predictions of Ullman’s model within the context of this paper, espe-
cially because he makes some specific predictions about L2 learning. Ullman
stated that markers of associative memory (like frequency) should be found
for memorized items (items ostensibly in the declarative system) and not for
those items computed by grammatical rules. Similarity (as discussed previ-
ously in the introduction) is also a marker of associative memory, and there-
fore within the declarative-procedural framework, we should expect that
similarity should primarily influence the production of the irregular nonsense
past-tense forms. The data presented in this paper illustrate that similarity
does influence the irregular past-tense productions but also influences the reg-
ular productions. Certainly, the pattern of the similarity effect for both the
regular and irregular nonsense verbs was different, and whereas the presence
of a similarity effect on the regular forms is strictly prohibited by the dual-
mechanism model, perhaps such an effect could be somehow accounted for
in the declarative-procedural framework through recourse to the nonlinguis-
tic factors that subserve the computational system. More research clearly
needs to be done on this issue to test and, more specifically, identify how
these nonlinguistic factors relevant for both the declarative and procedural
systems affect specific tasks such as the one described in this paper.

Additionally, Ullman (2001) predicted that L2 learners who have learned
their L2s later in life are more likely to rely on the declarative (associative)
component for all aspects of linguistic processing. In other words, the proce-
dural component seems most affected by being an older language learner. This
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study does not test for this assumption, nor was it intended to. However, this
claim could explain why the NNS adults manifest a similarity effect on both
the regular and irregular verb forms. If the NNS adults rely more heavily on a
system that is more influenced by factors such as similarity and frequency,
one might expect them to show such an effect on items typically under the
jurisdiction of the computational or procedural component. Although this idea
is helpful in understanding the similarity effect for the NNS adults, it does not
necessarily or directly explain the similarity effect on the regular forms found
in the NS adults and NS children (unless the nonlinguistic factors underlying
the computational-procedural system are responsible). In any case, Ullman’s
work presents a new and interesting framework within which to test these
ideas. For the present, however, as this study was not designed to test the
predictions of Ullman’s model, we have to be cautious in concluding the extent
to which these results support or refute some of the claims of the declarative-
procedural model.

Prasada and Pinker (1993) argued that a connectionist theory would have
trouble accounting for the regular system but can account for processing and
representation of the irregular system. MacWhinney (1993) has shown, how-
ever, that a connectionist model can account for both the regular and irregu-
lar systems and accurately simulate both the regular and irregular nonce verb
generalizations. Therefore, models that operate on purely associative pro-
cesses can show the same kinds of dissociations presented and discussed in
Prasada and Pinker.

We have already seen that behavioral dissociations between regular and
irregular items of the kind cited by Prasada and Pinker (1993) and Pinker and
Prince (1994) as supportive of the dual-mechanism model can be accounted
for by single-route associative accounts. We have also seen in this study that
some of the key predictions of the Prasada and Pinker (1993) study were not
replicated. We can provisionally conclude, then, that an associative account
of processing and representation is the better candidate at explaining these
results for both L1 and L2 speakers. Importantly for the L2 learning context,
the results of this study indicate that NNS adults, like NS children and NS adults,
use similarity to make their past-tense generalizations for both irregular and
regular verbs. The lack of reliable differences between the NS adults and the
NNS adults suggests that these two groups use similar processes both in terms
of the number and type of verbs they suffixed and in terms of the type of
irregular nonsuffixed responses they produced. These results also parallel
those presented in Lee (1994).

As previously discussed, Lee (1994) pointed out a number of ways in which
the stimuli developed in Prasada and Pinker (1993) were problematic. Lee devel-
oped what he considered more “principled” pseudo-irregular and regular
verbs and used them in a past-tense production task—in the form of a cloze
passage—to both NSs and NNSs. His data matched closely with those dis-
cussed in the present study. First, Lee found that similarity influenced the irreg-
ular forms in that more items were suffixed as a function of distance from the
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prototypical. For Lee’s nonce regular verbs, there was a marked decrease in
the number of suffixed distant regular verbs relative to the prototypical and
intermediate regular ones. Thus, Lee also found a similarity effect on the reg-
ular items—with stimuli that were putatively more realistic and where the dis-
tance between the three categories of verb was varied consistently. As in the
case of the results reported here, the adult NSs and NNSs in Lee’s study pro-
duced similar patterns of responses, which suggests that both groups of par-
ticipants use analogy as a basis for generalizing their knowledge of past tense.

The issue of the reliability of the items used in this and Prasada and Pink-
er’s (1993) studies remains problematic, however. One could argue that the
reliable effects found in this study were due to characteristics of specific items.
In examining the items closely, we see for example that plip is considered a
prototypical regular verb, whereas blip is considered a distant irregular one.
If the distant irregular verbs were like the prototypical regular ones, then we
might expect subjects to suffix the distant irregular forms more, which is what
they did in the present and Prasada and Pinker’s studies. This problem with
the items could have potentially biased the results in the direction of support-
ing the dual-mechanism model (again, assuming that a dissociation between
regular and irregular items is the kind of evidence needed to support the
model). The purpose of the present study was to extend the original Prasada
and Pinker study to a different sample of participants; therefore, it was impor-
tant to use the same stimuli. It is interesting to note that Lee (1994) also found
the same pattern of results even after attempting to resolve some of the prob-
lems associated with constructing the items. Item effects, however, do not pose
a problem for an explanation based on principles of associative learning but
present difficulties for a symbolic rule-based account. If the findings of this
and past work are due solely to features of individual items, then it precludes
the possibility of a blind computational, symbolic process at work.

The results of this study alone do not portray a sufficiently clear picture to
warrant unequivocal support of a single-route associative system, either in L1
or L2 processing. However, when these results are taken in the context of other
research investigating similar issues, it becomes clear that the dual-mechanism
model as described by Pinker and Prince (1994) cannot be supported. For exam-
ple, as discussed earlier, empirical work with humans investigating the dual-
versus single-route hypotheses has indicated that dissociations between reg-
ular and irregular inflectional features could be accounted for within a single
associative account. Ellis and Schmidt (1998) found that adult participants
learning morphosyntax show frequency effects on the regular items early on.
It is only later on the learning curve that the effect of frequency on the regu-
lar forms diminishes relative to the irregular forms. Ellis and Schmidt sug-
gested that a ubiquitous law of learning—"“The Power Law of Practice” (see
Anderson, 1982)—can account for this putative change in behavior. That is,
the extent of improvement on a particular task decreases as a function of an
increase in frequency or practice on the task. There are considerably more
regular than irregular verbs in English; thus, the regular morpheme is by far
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the most frequent past-tense form in English. Any difference, therefore, between
regular and irregular features could be a direct result of the increased fre-
quency and amount of exposure that learners have with the regular features.

Other research with human participants has indicated that they can some-
times exhibit putative dissociations between different grammatical catego-
ries. For example, Bates, Friederici, and Wulfeck (1987) and Blackwell and Bates
(1995) have discussed how otherwise neurologically sound participants man-
ifest dissociations on agreement marking relative to other linguistic features
under conditions that put severe burdens on the working memory systems.
The important point here is that dissociations may not always indicate funda-
mental differences at the learning or representational levels, or both.

Additionally, the work reported in the present research suggests that pro-
cessing of irregular items may not even be dissociated from processing
regular forms (i.e., even if a dissociation means separate processing and rep-
resentational systems). Similarity influenced how participants generalize their
knowledge of past tenses to novel items. The direction of the differences var-
ied in that similarity caused fewer items to be suffixed in the regular set and
more items to be suffixed in the irregular set as a function of distance from
the prototypical. The point remains, however, that similarity influences both
category of verbs. Beck (1997) also reported that frequency influences pro-
cessing of both the regular and irregular sets of verbs.

Given this evidence, one can reasonably question the claim that there are
two dissociable learning systems underlying language learning and represen-
tation for both L1 and L2 learning. That is, there are a number of indications
that a more parsimonious account invoking a single set of associative learn-
ing mechanisms could account for the development of inflectional properties
of language.

CONCLUSION

Both L1 and L2 participants exhibited similar types of behavior in tasks that
compare performance on irregular versus regular inflectional features. Varia-
tion in exposure to English affected performance on both irregular and regu-
lar features, and similarity exerted a powerful influence on how participants
generalized their knowledge of the English past tense to novel verbs, regard-
less of language learning context. At least within the context of inflectional
morphology, both the human experiments and the connectionist simulations
discussed in this study suggest that it is not necessary to understand those
differences in terms of fundamentally unique and dissociable learning sys-
tems. One focus of this study was to identify whether NNSs of English would
manifest the same pattern of performance as NSs on a task that was shown to
identify dissociations between regular and irregular items. The results indi-
cated that indeed the NNS adults were like the NS adults and showed a differ-
ent pattern of results for regular and irregular items. However, the similarity
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effect on both the regular and irregular items, for all participants in this study,
raises serious questions about the nature of the results reported in Prasada
and Pinker (1993). The lack of success in replicating Prasada and Pinker, in
conjunction with the growing body of evidence questioning the assertions of
the dual-mechanism model, leads to the preliminary conclusion that a single-
route associative explanation seems to be able to capture the phenomena man-
ifested in both the L1 and L2 learning contexts.

(Received 30 December 2003)

NOTES

1. Note that Pinker was not suggesting there is something inherently innate about the English
past-tense system. Rather, he was suggesting that having one representational system for rule-
based features and another system to represent associative features of language is a universal fea-
ture of how humans represent and process linguistic information.

2. Recall that type frequency refers to the number of items that belong to a particular category—
that is, the number of verbs that belong to the class of verbs with [-ed] as the past-tense morpheme.
Token frequency refers to the number of times an individual lexical item appears in language.

3. Please note that there are issues other than frequency that have been discussed regarding
the support (or lack thereof) of the dual-mechanism model. Given the scope of this paper, the dis-
cussion must be constrained to examining only one line of evidence said to support the model. For
further discussion, the interested reader should see Pinker and Prince (1994), Tomasello (1995), and
Elman et al. (1996) for only a few examples of the debate surrounding the merits of the dual-
mechanism versus a single-route account.

4. The focus of this study was not directed at predicting or examining specific L1 transfer effects.

5. Some problems with these stimuli have been pointed out by Lee (1994), who suggested that
the use of nonexistent CC and VC sequences could bias participants’ responses against using anal-
ogy because analogy to the whole word is logically impossible. Furthermore, Prasada and Pinker’s
(1993) classifications of distance from real English verbs may not have been consistent across the
regular and irregular verbs. Nonetheless, their original stimuli were used here because it was impor-
tant to be able to compare the results of this research with the results reported in Prasada and
Pinker, given that their results and arguments have significantly contributed to the question as to
whether multiple systems characterize linguistic representation.

6. It is important to note that this methodology does not faithfully replicate the original meth-
odology of Prasada and Pinker’s experiment 3. Prasada and Pinker presented these nonsense verbs
within a semantic context, which was not used in this study. Ramscar (2002) has noted how seman-
tic context can bias the participant to produce a particular (i.e., regular or irregular) form. As the
primary focus of this research was to identify how phonological and not semantic similarity might
influence generalization of past tenses, no semantic context was provided.

7. There were two examples where both a vowel change and a suffix were produced on a past
tense. In these cases, the response was coded as suffixed. These two examples were slace — sleced
and ploamph — ploomphed. Both of these examples were from the NS children. These two examples
were coded as suffixed because they were both regular nonsense verbs, and therefore the conser-
vative estimate was that the participant intended a regular. Coding both of these as regular verbs
would also have been what the dual-mechanism model would have predicted.

8. It is worth remembering that the model predicts dissociations between regular and irregular
items. Recall from the introduction that there is a considerable (and growing) body of evidence that
calls this assumption into question. That is, dissociations between items could be explained through
associative learning mechanisms and representation, without having to rely on a dual-route system.
Nonetheless, the purpose of this study was to extend the results of Prasada and Pinker (1993) to
different participant populations and different language learning contexts. Therefore, in discussing
the results of this study, dissociations between items (regular and irregular) are also considered.

9. The instructional materials the NNS adults were exposed to in their English classes indicate
they had considerable exposure to the English past-tense system within their classes, through explicit
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focus-on-form instruction and also through reading comprehension exercises. Furthermore, all the
NNS adults were living in England, using English in their communities.

10. Instead of suffixing the nonce regular distant verbs, participants tended to produce a past
tense with an internal vowel change (e.g., plip — ploop).
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APPENDIX A

EXAMPLE OF A TRIAL USED IN THE EXPERIMENT

This is Michael.

Michael knows how to spling.
He is splinging.

Yesterday he .
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