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Abstract

Studies of the second language (L2) processing of object-subject ambiguities (OSA),
where the parser must revise an initially incorrect analysis of the input, have yielded
two findings that the present paper addresses. First, L2 speakers are guided more strongly
by plausibility information than L1 speakers in OSA processing. Second, L2 speakers
generally do not perform reanalysis in real time, and their comparably poor performance
on subsequent comprehension questions suggests ultimate failure to derive a grammatical
parse. Because previous studies have targeted later L2 acquirers living outside of an L2
context, the present study tested whether the above two findings hold for childhood L2
acquirers with extensive naturalistic L2 exposure, hypothesizing that these factors
would engender more nativelike processing. A self-paced reading task involving two kinds
of OSA construction was conducted. Sensitivity to plausibility information differed across
the first language and L2 groups per construction type. Within the L2 group, there is
evidence that the early childhood acquirers initiated online reanalysis. Comprehension
question accuracy did not differ across participant groups, suggesting that all participants
succeeded in reanalysis to the same extent. The role of age of onset in L2 processing is
discussed, as is the findings’ relevance to current models of L2 processing.

Keywords: age of acquisition; ambiguity resolution; garden-path parsing; second language processing;
subcategorization information

One of the necessary components of language acquisition is developing the ability to
process linguistic input in real time. As syntactic representations of incoming input
are constructed under conditions of uncertainty, without access to the entire
sentence being available, language processing also occasionally demands on-the-
fly reanalysis of incorrect interpretations. This is challenging, and sometimes fails
even during first language (L1) processing (Christianson, Hollingworth, Halliwell, &
Ferreira, 2001; Patson, Darowski, Moon, & Ferreira, 2009). Examinations of
mis- and reanalysis in second language (L2) processing therefore have much to tell
us about the nature of the L2 system.
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To date, a number of such examinations have been conducted with late L2
acquirers, and on the whole have observed marked differences between L1 and
L2 processing of temporarily ambiguous sentences (Jacob & Felser, 2016; Juffs,
1998a, 1998b; Juffs & Harrington, 1996; Roberts & Felser, 2011; for an overview,
see Papadopoulou, 2005). The processing of such constructions in childhood L2
acquirers has however received little attention. Models of L2 processing in which
age of L2 acquisition (AoA) plays a significant role, for example, Clahsen and
Felser’s (2006a, 2006b, 2006¢, 2017) Shallow Structure Hypothesis, predict native-
like processing to be more likely among such L2 speakers. The Shallow Structure
Hypothesis also allows for different sensitive periods for different processing phe-
nomena, such that age effects may be observed even among childhood learners (see,
e.g., Bosch, Verissimo, & Clahsen, 2019; Verissimo, 2018; Verissimo, Heyer, Jacob,
& Clahsen, 2018). In light of these considerations, the present study set out to deter-
mine whether childhood L2 acquirers process temporarily ambiguous input simi-
larly to L1 speakers, and furthermore whether a distinction can be observed
between the processing patterns of early and late childhood L2 acquirers.

L1 and L2 processing of object-subject ambiguities

During language comprehension, the individual must not only access the meaning
of the lexical items they encounter but also compute a representation of the syntactic
structure of the input via syntactic parsing. It is well established that syntactic
representations are constructed incrementally, that is, upon encountering each sub-
sequent word, the parser attempts to integrate it into the current representation
(Marslen-Wilson, 1973). A phenomenon that has been used to investigate the incre-
mental nature of parsing and its interaction with other contributors to linguistic
interpretation is the garden-path sentence. Consider (1): the comma following
drank clearly indicates that the noun phrase (NP) the beer marks the beginning
of a separate clause, and so parsing presents minimal difficulty.

(1) While the men drank, the beer pleased all the customers.
(2a) While the men drank the beer pleased all the customers.
(2b) While the men sang the beer pleased all the customers.

In (2a), readers generally prefer an analysis in which the beer is the direct object
of drank. Different sentence comprehension models explain this preference in dif-
ferent ways. The garden-path model holds that incoming material is preferentially
attached inside the current clause (Frazier & Fodor, 1978). Constraint-based
accounts attribute this preference to the fact that drink is more frequently transitive
than intransitive and new clauses are typically signaled by disambiguating punctu-
ation (MacDonald, Pearlmutter, & Seidenberg, 1994; Spivey-Knowlton, Trueswell,
& Tanenhaus, 1993). In online studies, the preference for the direct object analysis is
reflected by longer reading times (RTs) at pleased, which is the earliest point in the
sentence that serves to reject a direct object analysis of the preceding NP (Frazier &
Rayner, 1982; Warner & Glass, 1987). What happens in the parsing of (2a) is that
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the parser is led down the metaphorical garden path, initially favoring an analysis of
the input that later turns out to be incorrect.

That parsing interacts with other linguistic aspects is indicated by the fact that the
strength of the garden-path effect in (2) is modulated by how likely the temporarily
ambiguous NP is as a direct object of drank. As such, the parser commits less
strongly to an analysis in which the beer is the direct object of sang (cf. [2b]).
Evidence in support of this claim is provided in an eye-tracking study by
Pickering and Traxler (1998). Here, participants were found to have greater diffi-
culty processing NPs that were implausible as direct objects of the preceding verb, as
indicated by a larger number of regressions in the NP region in the implausible con-
dition. The reverse effect was evident at the disambiguating region, where more
processing difficulty was observed in the plausible condition. The latter finding
indicates that the parser commits more strongly to a plausible than an implausible
analysis, leading to greater processing difficulty when an initially plausible analysis
must be abandoned.

Regarding the mechanisms involved in recovery from misanalysis, different
models of sentence comprehension again make different proposals. One account
holds that reranking of a selection of possible parses occurs, such that the
initial parse is demoted and a grammatical alternative is promoted (Spivey &
Tanenhaus, 1998), and another that the initial parse is repaired (Frazier &
Clifton, 1998). In (2a), repair would entail detaching the NP from the verb phrase
headed by drank, reanalyzing it as the subject of the main clause, and making the
necessary case and thematic role modifications. In instances where the parser was
strongly committed to the initial analysis, reanalysis may be sufficiently taxing that
the reader is unable to abandon the incorrect parse completely (Christianson et al.,
2001; Patson et al., 2009).

Although investigations of garden-path processing provide useful information
on how the parser deals with misleading constructions, their utility also extends
beyond this. By examining the (re)analysis processes and ultimate outcomes of
garden-path comprehension, insight can be gained into the mechanisms employed
in “normal” sentence comprehension as well. For this reason, studies of garden-
path processing have proven valuable in comparisons between L1 and L2 sentence
processing. Because they shed light on how parsing proceeds in each group, such
studies contribute to addressing the central question of whether and under what
circumstances L1 and L2 processing can converge. In this regard, three central
findings have emerged.

The first is that, like L1 processing, L2 processing is also incremental. When
processing temporarily ambiguous sentences, L2 speakers have been found to show
sensitivity to the error signal provided by the disambiguating region (Jackson, 2008;
Jacob & Felser, 2016; Jegerski, 2012; Juffs, 1998a, 1998b; Juffs & Harrington, 1996).

The second finding is that L2 parsing appears to be more sensitive to semantic
and probabilistic information than L1 parsing. This is suggested by Roberts and
Felser (2011), who examined the processing of two types of garden-path construc-
tion in L1 and L2 English (L1 Greek) speakers. The first type of construction had the
form exemplified in (2). The second type, in which the temporarily ambiguous NP
marks the beginning of a complement clause, is illustrated in (3).
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(3a) The boy wrote the report would start an important debate.
(3b) The boy thought the report would start an important debate.

Roberts and Felser’s (2011) L2 group showed significantly shorter RTs in the
NP region when the NP was a plausible rather than an implausible object of the
directly preceding verb in both construction types, whereas this effect only surfaced
weakly in the complement-clause constructions for the native speakers. The
heightened sensitivity to plausibility information observed in the nonnative group
aligns with accounts of L2 processing (e.g., the Shallow Structure Hypothesis;
Clahsen & Felser, 2006a, 2006b, 2006¢, 2017), which propose that nonnative speak-
ers are generally more reliant on semanticopragmatic information and underuse
morphosyntactic cues in comparison with native speakers.

The third finding is that L2 speakers are typically less successful than L1 speakers
in arriving at a correct analysis of temporarily ambiguous input. In terms of
initiating reanalysis at the disambiguating region of a temporarily ambiguous con-
struction, self-paced reading and eye-tracking studies have found that L2 speakers
either do not attempt reanalysis or abandon attempts at reanalysis earlier than L1
speakers (Jacob & Felser, 2016; Roberts & Felser, 2011). In Roberts and Felser (2011)
specifically, the L2 group only showed evidence of initiating reanalysis in the
complement-clause constructions. This finding aligns with those of previous studies
that have observed minimal processing difficulty in garden-path sentences of this
type (Holmes, Kennedy, & Murray, 1987; Sturt, Pickering, & Crocker, 1999).
The reduced reanalysis cost in constructions like (3) has been attributed to the
fact that the temporarily ambiguous NP remains within the thematic domain of
the preceding verb in the grammatical parse, and so the structural revisions required
to derive this parse are relatively minor (Pritchett, 1992). In terms of the ultimate
outcome of reanalysis processes—as tested by comprehension questions specifically
probing the interpretation of the ambiguous region—L2 speakers have been found
to perform more poorly than L1 speakers. This applies both to their responses to
questions following ambiguous versus unambiguous sentences and to those follow-
ing sentences where the direct object analysis had been plausible rather than
implausible. Overall, their comparably poor performance suggests that L2 speakers
are more susceptible to parsing breakdown in garden-path processing.

While the incremental nature of L2 parsing holds for L2 speakers in general, the
other two findings reviewed above appear to vary in accordance with individual dif-
ferences within L2 speakers. For one, in a study by Hopp (2015), those L2 speakers
who scored higher on a measure of syntactic integration ability used both morpho-
syntactic and semantic information in their incremental analysis of the input, thus
showing the more syntactically driven processing typically assumed to be charac-
teristic of native speakers. In addition, in Roberts and Felser (2011), the faster
L2 readers did seem able to initiate reanalysis online.

These results notwithstanding, variation across different L2 populations is
comparatively underexamined within the sentence processing literature (although
see Gerth, Otto, Felser, & Nam, 2017, for a cross-linguistic study of garden-path
processing). Studies to date have primarily tested late L2 acquirers who have
received limited naturalistic exposure to the L2, and little attention has been paid
to the processing of early L2 acquirers who have received prolonged, extensive L2
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exposure. With respect to online processing, recent findings indicate that different
morphosyntactic phenomena may be subject to different sensitive periods
(Verissimo, 2018; see also Long, 1990; Werker & Hensch, 2015, for a similar idea
with respect to phonological development). Further, regarding contact with the L2,
it has been proposed that even if exposure commences outside of a particular
sensitive period, “increased exposure may well lead to the increased automatiza-
tion or entrenchment of grammatical processing routines” (Clahsen & Felser,
2017, p. 6). Recent findings suggest a correlation between exposure and processing
nativelikeness: specifically, naturalistic L2 exposure seems to play a decisive role in
engendering more syntactically rather than semantically driven L2 processing
(Pliatsikas, Johnstone, & Marinis, 2017; Pliatsikas & Marinis, 2013). In light of
these findings, it is plausible that early L2 acquirers who have received consider-
able naturalistic L2 exposure would show more nativelike garden-path processing.
Given the observation of differing sensitive periods for different processing
phenomena, however, age effects among these early L2 acquirers may also be
observed.

The present study

The present paper reports on a self-paced reading study on garden-path processing
in English. The participants were L1 Afrikaans-L2 English speakers and a control
group of L1 English speakers. The study’s primary aim is to determine whether
garden-path processing in the L1 and L2 groups is similar. A secondary aim is
to investigate whether the L2 participants show more sensitivity to semantic
information than the L1 participants do. The question here is whether prolonged
naturalistic L2 exposure commencing at an early age serves to reduce sensitivity
to semantic cues during L2 processing.

The experiment reported on is a modified version of Roberts and Felser (2011),
which is in turn based on Pickering and Traxler (1998). It focuses on the influence of
plausibility information on the (re)analysis of constructions involving object-
subject ambiguities (OSAs), where an NP that is initially taken to be the object
of a preceding verb turns out to be the subject of a separate clause. In this regard,
as indicated above, Pickering and Traxler (1998) found that (a) readers have greater
difficulty processing a syntactically ambiguous region when the analysis they adopt
is implausible rather than plausible, and (b) readers commit less strongly to an
implausible analysis, which entails reduced reanalysis difficulty at the disambiguat-
ing region of the sentence.

As in Pickering and Traxler (1998) and Roberts and Felser (2011), the present
study considers two kinds of OSA constructions. The first has the form exemplified
in (4a), where a preposed adjunct clause is followed by a temporarily ambiguous NP
that is the subject of the main clause. In the second type, exemplified in (4b), the
temporarily ambiguous NP marks the beginning of a complement clause that is the
argument of the verb. The plausibility of the direct object analysis of the temporarily
ambiguous NP was manipulated across both construction types, such that the sec-
tions within parentheses in (4a) and (4b) represent the items in the implausible
condition.
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(4a) While the child climbed the ladder against the wall (the housewife in the
kitchen) fell to the ground (adjunct-clause item).

(4b) The student wrote the report about the budget (the issue with the budget)
would start an important debate (complement-clause item).

To enable a comparison between our results and those of previous studies, we
employed the procedure used in Roberts and Felser (2011), as well as modified ver-
sions of their stimuli. The modification entailed extending the ambiguous region of
the experimental items by adding a three-word phrase between the temporarily
ambiguous noun and the disambiguating verb. Longer ambiguous regions have been
found to result in stronger garden-path effects and thus greater processing difficulty
(Christianson et al., 2001; Ferreira & Henderson, 1991; Tabor & Hutchins, 2004),
and so Roberts and Felser (2011) shortened their ambiguous region to avoid placing
undue demands on their L2 group. However, we assumed our highly proficient L2
participants would not have difficulty comprehending the garden-path sentences,
and so we retained the modifying phrase used in Pickering and Traxler’s (1998)
stimuli. As such, we also extended the window during which a plausibility effect
could be observed in the native-speaker group, allowing for the possibility that
greater automaticity in L1 processing may delay responses to experimental
manipulations (Kaan, Ballatyne, & Wijnen, 2015).

Our predictions were as follows: we expected greater similarity between our L1
and L2 groups’ processing patterns, due to our L2 group’s early L2 acquisition,
prolonged and extensive L2 exposure, and high L2 proficiency. Specifically, we pre-
dicted (a) that the L2 group would not show heightened sensitivity to plausibility
information compared to the L1 group; and (b) that the L2 speakers would show a
reverse plausibility effect at the disambiguating region of both the adjunct-clause
and complement-clause items, such that processing would be easier in the implau-
sible than the plausible condition. The latter prediction was expected to result in
similarly high accuracy scores on the comprehension questions in the L1 and L2
groups across both construction types.

Method
Participants

Thirty-three L1 Afrikaans-L2 English' speakers (mean age = 20.6 years, SD = 1.98
years) and 34 L1 English speakers (mean age = 20 years, SD = 0.98 years) partici-
pated in the study. The participants were resident in the Western Cape province of
South Africa, where the languages with the largest proportions of L1 speakers are
Afrikaans (approximately 50%), isiXhosa (approximately 25%), and English
(approximately 20%; Census, 2011). Despite being the L1 of only approximately
9% of the population, English plays a dominant role in education, government,
and commerce in South Africa (see, e.g., Posel & Zeller, 2016), with more than
80% of learners writing their secondary school exit examinations in English
(Department of Basic Education, 2010; Pliiddemann, 2015). Given the importance
of English in education and South African society at large, the L2 participants had
received extensive exposure to the language from a young age (on average, before
age 5). At the time of testing, they were also enrolled at a university where the
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majority of academic activity is conducted in English, and they reported receiving
approximately equal exposure to both of their languages. As such, our L2
participants differ from those in Roberts and Felser (2011), who were first exposed
to English in a classroom setting at an average age of 8 years and had spent an
average of 2 years in an immersion environment. It should also be noted that
our L1 group were also functionally bilingual, as they were raised in the bi-/
multilingual South African context and at the time were enrolled at a bilingual
university. Data on the L1 group’s L2 exposure and proficiency is provided in
Table A.1 in Appendix A.2

All participants had normal or corrected-to-normal vision. They received course
credit for their participation in the experiment. The Language Experience and
Proficiency Questionnaire (Marian, Blumenfeld, & Kaushanskaya, 2007) was
administered to assess participants’ language backgrounds, and a C-test consisting
of three texts, each of which contained 20 gaps, was used to obtain a measure of
English proficiency. Two of the texts in the C-test were developed by Keijzer
(2007) in order to assess L1 attrition in L1 English speakers, and so are relatively
difficult. They were therefore deemed appropriate for assessing the L2 speakers in
the population under study. The third text was a modified version of a Wikipedia
article about a South African university. The two groups scored comparably (L1:
75%; L2: 71%, p < .001, d=0.29), but not at ceiling level. The background data
of the L2 participants is summarized in Table 1.

As in Roberts and Felser (2011), the adjunct-clause items and complement-clause
items were included in the same experiment, with the one type of construction serv-
ing as a filler for the other type. However, because structural differences prevent
direct comparison of the processing of these two construction types, we present
the results separately, beginning with those for the adjunct-clause items. Study
materials are available on the IRIS database (Mackey & Marsden, 2015).

Results

Adjunct-clause items

Materials

The adjunct-clause garden-path items consisted of 20 sentence pairs containing pre-
posed adjunct clauses. They were constructed from 14 optionally transitive verbs,
each used no more than three times, which had comparable selectional restrictions
in English and Afrikaans to avoid potential effects of lexical transfer. The critical
nouns within each sentence pair were matched for syllable number and frequency,
based on data from the Celex database (Centre for Lexical Information, 1993; see
Table A.2 in Appendix A). Each noun appeared once in a plausible direct object
condition and once in an implausible direct object condition. As in Roberts and
Felser (2011), to verify that the plausibility manipulation worked as intended, eight
English-Afrikaans bilinguals drawn from the same population as the participants in
the main experiment, but who did not participate in the main experiment, con-
ducted an offline rating task in which they rated each verb-noun pairing in terms
of its plausibility. The participants were presented with sentences such as The men
drank the beer and The men sang the beer and asked to rate them in terms of
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Table 1. L2 participants’ background data (standard deviation)

Age of L2 acquisition 4.5 (2.4)
English exposure (%)® 48 (15.1)
Afrikaans exposure (%)? 46.8 (14.7)
L2 speaking self-rating® 8.2 (1.4)
L2 reading self-rating 8.6 (1.2)
L2 spoken comprehension self-rating 8.8 (1.4)
C-test score (%) 72 (13.7)

2This is a self-reported estimate for current exposure at the time of testing.
bSelf-ratings are on a scale from 1 to 10.

plausibility on a scale from 1 (very plausible) to 7 (very implausible). The plausible
sentences received a mean rating of 1.37 and the implausible sentences a mean rat-
ing of 6.3. According to a t test, this is a significant difference (p < .001),
indicating that the plausibility manipulation functioned as intended.

The 20 adjunct-clause items were divided across two lists, such that participants
saw only one version of each experimental item. All experimental items were fol-
lowed by a comprehension question, where the correct answer was “yes” for one half
of the questions and “no” for the other half. In so far as possible, the comprehension
questions targeted a correct interpretation of the ambiguous NP, such that if the
sentence was While the child climbed the ladder against the wall fell to the ground,
the comprehension question would be Did the child fall to the ground? A correct
response of “no” to such a question indicates that the participant has recovered
an analysis where the child is not understood as the subject of the main clause.
The experimental sentences were pseudorandomized and combined with the
20 complement-clause items and 44 filler sentences of different structural types.
Two differently ordered versions of each list were compiled. Twelve of the fillers
also contained preposed adjunct clauses where the direct object interpretation
turned out to be correct. These were included to prevent participants from becom-
ing aware of the experimental manipulation. One third of the fillers were followed
by comprehension questions, again with the “yes” and “no” answers counterbal-
anced. Finally, 8 practice items were included at the beginning of the task.

Procedure

The self-paced reading experiment made use of the noncumulative moving window
procedure (Just, Carpenter, & Woolley, 1982) and was administered using PsychoPy
(version 1.85.2; Peirce, 2007) on a 15-inch laptop (resolution: 1366 x 768). All
sentences were presented in a word-by-word fashion in black type (font:
Consolas) on a pale blue background. The sentences all fit onto one line, and
the end of each sentence was marked by a full stop.

Participants used the space bar to initiate the display of each successive word.
The comprehension questions were answered using the “z” and “m” keys on the
laptop. The experiment administrator provided verbal instructions to each partici-
pant, which were accompanied by written instructions on the screen. Participants

https://doi.org/10.1017/50142716420000314 Published online by Cambridge University Press


https://doi.org/10.1017/S0142716420000314

Applied Psycholinguistics 971

were given the opportunity to ask questions before and after completing the practice
session. Three self-timed breaks were included in the experiment, so that partici-
pants could pause after each block of 22 sentences. The self-paced reading task took
approximately 30 min, after which participants filled in the Language Experience
and Proficiency Questionnaire and completed the C-test. An entire testing session
lasted approximately 50 min.

Analysis

All analyses were conducted in the R environment for statistical computing (version
3.5.1; R Core Team, 2018). The code and data for the analyses are available on the
Dataverse repository (Berghoff, 2019).

Question response accuracy was examined using a generalized linear mixed-
effects model, fit using the Ime4 package (version 1.1.17; Bates, Michler, Bolker,
& Walker, 2015). P values for the regression coefficients were obtained using the
ImerTest package (version 2.0.36; Kuznetsova, Brockhoft, & Christensen, 2017).

For the RT analyses, in accordance with standard practice in sentence processing
studies, we only analyzed data from trials where the comprehension question was
answered correctly. We opted for minimal data trimming, in line with the
recommendations in Baayen and Milin (2010). Thus, at the outset of the RT analy-
sis, we only removed extreme values of more than 4000 ms. This affected 7.5% of the
L1 English data and 8.6% of the L1 Afrikaans data.

Effects on RT were analyzed with linear mixed-effects models using the same
package configurations reported for the question accuracy analyses above. In order
to meet the normality requirement for linear regression, we ran analyses on the log-
transformed RTs. We analyzed the data for each segment from the first word of the
temporarily ambiguous NP (segment 6) onward (eight single-word segments in
total for each item). At segments where there was an L1 Group x Plausibility
interaction, we computed separate linear mixed-effects models for each group.
To investigate possible differences across conditions and groups in the processing
of the comprehension questions, we also examined the question response times.

For all mixed-effects analyses, a maximal approach was taken to determine the
random effects structure (Barr, Levy, Scheepers, & Tily, 2013). Thus, for each model,
we first tested a random-effects structure with random intercepts for subjects and
items and by-participants and by-items random slopes for plausibility. Where the
model would not converge, we simplified the random effects structure in line with
the recommendations in Barr et al. (2013) until convergence was achieved. Model
specifications are provided in the text.

Accuracy

The accuracy of both groups’ responses to the experimental items was high, with the
L1 English group answering 88.5% of the questions correctly, and the L1 Afrikaans
group 88.8%. The generalized linear mixed-effects model computed to analyze the
accuracy data included plausibility (implausible or plausible, contrast coded as —1
and 1) and group (L1 Afrikaans or L1 English, contrast coded as —1 and 1) as fixed
effects. The maximal random effects structure justified by the design that would
converge included random intercepts for participants and items, as well as by-
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participants and by-items random slopes for plausibility, without correlation
between the plausibility random slope and the random intercept for items (see
Barr et al., 2013, pp. 261-262).

The model results indicated that accuracy was significantly lower for the plausi-
ble versus the implausible items (B = -0.56, SE = 0.24, z=-2.32, p =.020). There
was no main effect of group (f=0.00, SE=0.12, z=-0.01, p = 1.00), nor a
Group x Plausibility interaction (= 0.10, SE=0.10, z=0.91, p =.36).

RTs
For all RT models, plausibility (implausible or plausible; contrast coded as —1 and 1)
and L1 group (L1 Afrikaans or L1 English, contrast coded as —1 and 1) were fixed
effects. For all models except that for the segment 12 RTs, the maximal random
effects structure justified by the design that would converge included random inter-
cepts for participants and items and by-participants random slopes for plausibility.
The segment 12 model included only random intercepts. Model outputs are
provided in Table 2.

An example of an adjunct clause item divided into segments is provided below to
serve as a reference for the presentation of the RT analyses and the overall RT pat-
tern is illustrated in Figure 1.

Reading Times for Adjunct-Clause Items

SNVVHIMAY

PLAUSIBILITY
— Implausible
+ Plausible

RT in seconds

HSMONI

Segment

Figure 1. Reading times for adjunct-clause items. Error bars represent standard error.

While / the /men /drank / the / beer / imported / from / Europe / pleased /all / the / customers.
1 2 3 4 5 6 7 8 9 10 11 12 13

The reading speeds of the L1 English and L1 Afrikaans groups did not differ for
the most part: the L1 English group were slightly faster than the L1 Afrikaans group
only at segment 6, the first word of the temporarily ambiguous NP. At segment 7,
which contained the first word of the phrase modifying the noun, there was a sig-
nificant main effect of plausibility, where participants read faster when the NP was a
plausible direct object of the verb in segment 4. The effect of plausibility carried over
to segment 8. At this segment, there was also an interaction between L1 group and
plausibility. Separate analyses indicated that whereas the L1 Afrikaans group read
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significantly faster in the plausible condition at this segment (f = -0.08, SE = 0.02,
t=-3.99, p < .001), the plausibility effect was only a weak trend for the L1 English
group (B =-0.04, SE=0.02, t=-1.73, p =.09).?

Segment 10 included the main clause verb, which serves to indicate that the direct
object analysis of the preceding NP is incorrect. At this segment, a marginal effect of
plausibility appeared, where participants slowed down more upon encountering the
disambiguating verb when the direct object analysis of the preceding NP had been
plausible. This effect was also present at the following segment. At segment 11, in
addition to the main effect of plausibility, there was also a significant L1 Group x
Plausibility interaction. Separate analyses* revealed that the RTs of the L1 English
group were significantly higher in the plausible condition (f=0.10, SE=0.03,
t=3.56, p=.001), whereas there was no effect of plausibility on the RTs of the
L1 Afrikaans group (f=0.04, SE=0.03, t=1.20, p = .24). No significant effects
were observed at segment 12. At segment 13, the final segment, participants were
slower in the plausible than the implausible condition. This likely reflects the height-
ened cost of reanalysis in the plausible condition, where participants took longer to
settle on a final analysis of these items.

Response times across all comprehension questions were also examined.” Both
groups were significantly slower in the plausible compared to the implausible con-
dition (f =0.10, SE = 0.03, t = 3.50, p = .001). There was no effect of L1 group on
response times (f=-0.02, SE=0.04, t=-0.50, p=.62), nor was there an L1
Group x Plausibility interaction (f =0.00, SE=0.01, t=0.01, p =.99).

Summary: Adjunct-clause items

Both groups showed a response to the plausibility manipulation, where the tempo-
rarily ambiguous NP was easier to process if it was plausible as a direct object of the
preceding verb. However, the effect of plausibility lasted longer in the L1 Afrikaans
group, persisting into segment 8. At the disambiguating region of the sentence, there
is some evidence that both groups initiated reanalysis at segment 10, but the effect of
plausibility on RTs only carries over to the following segment in the L1 English
group. The groups did not differ in their overall performance on the comprehension
questions, either in terms of the time taken to answer or accuracy.

Complement-clause items

Materials

The complement-clause items consisted of 20 sentence pairs, each containing an
optionally transitive verb followed by a finite complement clause. Eleven verbs were
selected, none of which occurred more than three times in the stimulus list. The
critical nouns within each sentence pair were again matched for syllable length
and frequency based on data from the Celex database (Center for Lexical
Information, 1993; see Table A.3 in Appendix A), and each noun occurred once
in a plausible direct object condition and once in an implausible direct object con-
dition. In the same offline rating task discussed in relation to the adjunct-clause
garden-path items, eight English—Afrikaans bilinguals who did not participate in
the main experiment rated the plausibility of each verb-noun pair, with a rating
of 1 indicating that the noun was a very plausible object of the verb, and a rating

https://doi.org/10.1017/50142716420000314 Published online by Cambridge University Press


https://doi.org/10.1017/S0142716420000314

ssaud Aissaaun abplgquied Aq auluo paysliand #1£00002791 L2 L0S/£101°0L/B10"10p//:sdny

Table 2. Model outputs, adjunct-clause items

Segment 6 Segment 7 Segment 8 Segment 9 Segment 10 Segment 11 Segment 12 Segment 13
beer imported from Europe pleased all the customers
Parameter Est. (SE) t P Est. (SE) t P Est. (SE) t P Est. (SE) t p Est. (SE) t P Est. (SE) t p Est. (SE) t P Est. (SE) t P
Plausibility —0.03 —0.60 .548 —0.15 —3.06 .002 —0.13 —3.36 .001 —0.01 —0.25 .804 0.13 181 0.070 0.14 261 .009 0.06 145 146 0.14 255 .011
(0.05) (0.05) (0.04) (0.05) (0.07) (0.06) (0.04) (0.06)
Group —0.19 —-1.78 .075 —0.12 —1.40 .163 —0.08 -110 .271 —0.15 —-1.66 .097 —0.07 —0.70 0.482 —0.05 —0.83 .407 —0.02 —0.37 .708 —0.11 —-1.34 181
(0.11) (0.09) (0.07) (0.09) (0.10) (0.06) (0.06) (0.08)
Plausibility 0.05 0.88 .377 0.05 0.95 344 0.09 1.99 .046 0.10 1.75 .081 0.11 136 0.175 0.14 3.04 .002 0.06 1.67 .094 0.03 0.53 .594
x Group (0.06) (0.05) (0.05) (0.06) (0.08) (0.04) (0.04) (0.06)
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of 7 indicating that the pairing was implausible. The plausible items received a mean
rating of 1.9 and the implausible items a mean rating of 4.9. A t test revealed that
these are significantly different, p < .001, again indicating that the plausibility
manipulation functioned as intended.

The 20 experimental items were divided across two lists, such that participants
only saw one version of each. All experimental items were followed by a compre-
hension question with “yes” and “no” answers counterbalanced. These items were
pseudorandomized and combined with the 20 adjunct-clause garden-path items
and the 44 fillers to produce two differently ordered versions of each list. The fillers
included 12 items where the direct object analysis was actually correct in order to
disguise the experimental manipulation.

Analysis

As with the adjunct-clause items, we analyzed question response accuracy using a
generalized linear mixed-effects model, with the same package configurations
reported above.

RTs were analyzed for each segment from the first word of the temporarily
ambiguous NP (segment 5) onward (nine single-word segments in total for each
item). In addition, we analyzed the groups’ RTs to the comprehension questions
following the experimental items. Only RTs from trials where the comprehension
question was answered accurately were analyzed, and RTs over 4000 ms were
removed. This resulted in the removal of 7.5% of the data for the L1 Afrikaans group
and 5.9% of the data for the L1 English group.

Effects on RT were analyzed using linear mixed-effects models with the same
package configurations reported above. At segments where there was an Ll
Group x Plausibility interaction, we computed separate linear mixed effects models
for each group. Throughout, random effects structures were determined using a
maximal approach (Barr et al., 2013).

Accuracy

The accuracy of both groups’ responses to the comprehension questions was again
high, with the L1 English group answering 88% of the questions correctly, and the
L1 Afrikaans group answering 91.8% of the questions correctly. The generalized
linear mixed-effects model fit to analyze question response accuracy included
plausibility (implausible or plausible, contrast coded as —1 and 1) and group
(L1 Afrikaans or L1 English, contrast coded as —1 and 1) as fixed effects, random
intercepts for participants and items, and by-participants and by-items random
slopes for plausibility (without correlation between the slopes and the intercepts;
see Barr et al., 2013, pp. 261-262). The model results indicated no significant
difference in performance across the groups (f=-0.22, SE=0.14, z=-1.56,
p=.12) or the conditions (p =-0.08, SE=0.25, z=-0.33, p=.74), nor any L1
Group x Plausibility interaction (f =0.00, SE=0.12, z=-0.02, p =.98).

RTs
As in the adjunct-clause analysis, separate linear mixed-effects models were
computed for each segment, with log-transformed RT as the dependent variable
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and L1 group (Afrikaans or English, contrast coded as —1 and 1) and plausibility
(implausible or plausible, contrast coded as —1 and 1) as fixed effects. For all but two
models, the maximal random effects structure that would converge included ran-
dom intercepts for participants and items, as well as by-participants random slopes
for plausibility. The segment 5 and 7 models converged with both sets of random
intercepts, as well as by-items random slopes for plausibility. Model outputs are pro-
vided in Table 3.

An example of a complement-clause item divided into segments is provided
below to serve as a reference for the presentation of the RT analyses and the overall
RT pattern is illustrated in Figure 2.

Reading Times fer Complement-Clause Items

.
S8

N
SNYWIIHAY

05 PLAUSIBILITY

— Implausidle

09- - Plausidle
08 :

RTin seconds

HSMON3

9
Segment

Figure 2. Reading times for complement-clause items. Error bars represent standard error.

The /student / wrote / the /report / about / the / budget /would /start /an /important / debate.
1 2 3 4 5 6 7 8 9 10 11 12 13
Overall RT did not differ between the L1 groups, as indicated by the absence of a
main effect of L1 group at all segments. At segment 6, the first word of the phrase
modifying the temporarily ambiguous noun, a significant main effect of plausibility
was observed. Here, participants read faster when the noun was a plausible direct
object of the verb in segment 3. This effect persisted at segment 7, where there was
also a weak L1 Group x Plausibility trend. Separate analyses of the groups® indi-
cated that the L1 English group were significantly faster in the plausible condition at
this segment (f =-0.12, SE=0.04, t =-3.0, p =.004), whereas the RTs of the L1
Afrikaans group did not differ across the plausible and implausible conditions
(p=-0.03, SE=0.02, t =-1.62, p=.12). At segment 8, participants still read faster
in the plausible than the implausible condition, and the weak L1 Group x
Plausibility interaction remained. The separate group analyses’ again showed
shorter RT's in the L1 English group in the plausible condition (f = -0.12, SE = 0.05,
t=-2.56, p=.01), but no effect of plausibility in the L1 Afrikaans group
(p=-0.02,SE =0.02, t =-1.1, p = .28). There were no significant effects at segment
9, but at segment 10, which contained the disambiguating verb, a marginal main
effect of plausibility was present. Participants were slower in the plausible than
the implausible conditions here, indicating the increased difficulty of reanalysis
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Table 3. Model outputs, complement-clause items

Segment 5 Segment 6 Segment 7 Segment 8 Segment 9 Segment 10 Segment 11 Segment 12 Segment 13
report about the budget would start an important debate
Parameter Est. (SE) t p  Est. (SE) t p  Est (SE) t p  Est. (SE) t p  Est. (SE) t p  Est. (SE) t p  Est. (SE) t p  Est. (SE) t p  Est. (SE) t p
Plausibility -0.03 -096 .339 -020 -548 <001 -0.09 -243 .015 -0.08 -2.11 .035 0.00 —0.03 .980 —0.10 —1.90 .058 0.01 024 813 -0.03 -0.80 .421 -0.05 -1.00 .303
(0.04) (0.04) (0.04) (0.04) (0.05) (0.05) (0.04) (0.03) (0.05)
Group -0.15 -156 .120 -0.13 -1.40 .168 —0.12 -155 .120 -0.13 -—1.45 .148 —0.13 —1.42 .156 —0.06 —0.72 471 —0.10 -1.66 .118 —0.04 -0.61 .540 -0.05 -0.62 .537
(0.10) (0.09) (0.07) (0.09) (0.09) (0.08) (0.07) (0.06) (0.08)
Plausibility x -0.07 -1.64 .100 -0.06 -133 .184 —-0.06 -1.70 .089 -0.07 -1.69 .092 —0.05 —-0.92 .355 0.02 028 .781 —0.03 —0.70 .488 -0.01 -0.22 .826 0.05 0.82 412
Group (0.04) (0.05) (0.04) (0.04) (0.06) (0.06) (0.04) (0.03) (0.05)
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when the direct object analysis of the temporarily ambiguous NP had been plausible.
There were no further significant effects at segments 10-13.

In their responses to the comprehension questions,® there were no significant
differences in RTs across groups (p = 0.00, SE = 0.04, t = -0.02, p =.98) or across
conditions (p =0.04, SE=0.04, t=1.16, p =.25), nor was there an L1 Group x
Plausibility interaction (p =-0.02, SE=0.01, t =-1.20, p = .23).

Summary: Complement-clause items

As with the adjunct-clause items, both groups showed an effect of plausibility, where
the temporarily ambiguous NP was read more quickly when it was plausible as a
direct object of the preceding verb. In contrast to the adjunct-clause results, however,
the plausibility effect was more persistent in the L1 English speakers for these items.
At the point in the sentence signalling the need for reanalysis, both groups slowed
down slightly more in the plausible compared to the implausible condition. This effect
was marginal and did not persist to the following segments, suggesting that reanalysis
of these items did not pose much difficulty for the participants. The groups’ compre-
hension question accuracy and response times again did not differ: they were equally
successful in recovering the correct interpretations of the experimental items, and the
duration of this recovery process did not differ according to L1 status.

Analysis of age effects

As noted earlier in the paper, L2 speakers with earlier ages of L2 acquisition (AoA)
are typically assumed to be more likely to resemble L1 speakers in their processing
behavior. Specifically in terms of L2 grammatical processing, nativelike performance
has been found in L2 speakers with an AoA of 5-6 years or lower (Granena & Long,
2013; Verissimo et al., 2018; Weber-Fox & Neville, 1996), with L1-L2 differences
subsequently increasing as AoA increases. As a follow-up to the main analyses pre-
sented above, we investigated whether there were AoA influences on processing
within our L2 group, whose AoAs ranged from 1 to 10 years. We computed linear
mixed-effects models for each segment of interest in both construction types. In all
models, the dependent variable was log-transformed RT. Fixed effects were plausi-
bility (implausible or plausible, contrast coded as —1 and 1), AoA (centred around
the mean), and the interaction of these two variables. Random intercepts were
included for participants and items. For the adjunct-clause models, the maximal
random effects structure justified by the design that would converge included
by-participants random slopes for plausibility for all but three segments. At segment
10, by-participants and by-items random slopes for plausibility were included. At
segments 7 and 11, no random slopes were included. For the complement-clause
items, the segment 5-7 models included only random intercepts. By-participants
random slopes for plausibility were included in the remaining models.

For the complement-clause items, there were no significant main effects of AoA,
nor any interactions between AoA and plausibility, at any of the segments. However,
for the adjunct-clause items, there was a significant main effect of AoA at segment
10, the disambiguating verb, and a Plausibility x AoA trend at segment 12. To
further examine this AoA effect, a median split was performed on the adjunct-
clause data for the L2 speakers, yielding one group with an AoA below 5

https://doi.org/10.1017/50142716420000314 Published online by Cambridge University Press


https://doi.org/10.1017/S0142716420000314

Applied Psycholinguistics 979

(n=16; AoA range = 1-4 years), and one group with an AoA equal to or greater
than 5 (n=17; AoA range = 5-10 years). Of importance, a t test indicated that
the two groups did not differ in proficiency, as measured by their C-test scores
(t = —1.28, p=.21), and thus AoA and L2 proficiency are not confounded here.

We ran separate linear mixed effects models per group for each segment of the
adjunct-clause items, with log-transformed RT as the dependent variable,
Plausibility as a fixed effect (implausible or plausible, contrast coded as —1 and 1),
and random intercepts for participants and items. The models for the earlier
acquirers included by-participants random slopes for plausibility at all but three seg-
ments (7, 9, and 12), where segments 7 and 12 only had the random intercepts
included in the other models, and segment 9 only had by-participants random inter-
cepts. The models for the later acquirers had by-participants random slopes for
plausibility at segments 10, 12, and 13, by-items random slopes for plausibility at
segments 6 and 7, both by-items and by-participants random slopes for plausibility
at segment 9, and only random intercepts at segments 8 and 11.

The group of late childhood acquirers showed the main effects of plausibility
observed in the L2 group as a whole, where they read the temporarily ambiguous
NP (segments 7 and 8) more quickly in the plausible compared to the implausible
condition. However, no effect of plausibility was observed at any of the remaining
segments, thus suggesting that reanalysis was not attempted at or following the
disambiguating region of the sentence.

In the group of early childhood acquirers, main effects of plausibility were also
seen at segments 7 and 8. At segment 10, the onset of the disambiguating region,
there was a significant reverse effect of plausibility, which persisted to the following
two segments. These effects indicate that participants experienced greater process-
ing difficulty at the disambiguating region when the initial analysis had been
plausible, which is the same pattern that was observed in the L1 English group.

Overall, then, it appears that the group of early childhood L2 acquirers was able
to initiate syntactic analysis online. As in the comparison between the L1 and L2
groups, however, performance on the comprehension questions did not differ
significantly across the early and late childhood L2 acquirers (p=0.09,
SE=0.16, z=0.58, p=.56);9 nor did the time taken to answer the questions
(p=-0.20, SE=0.28, t =-0.73, p = .47).!° This indicates that the late childhood
L2 acquirers were equally able to recover a correct parse of the temporarily ambig-
uous constructions without incurring an additional time cost.

Discussion

Previous investigations of L2 OSA processing have found L2 speakers (a) to be more
sensitive to plausibility information than L1 speakers and (b) to have greater diffi-
culty than L1 speakers in recovering a correct parse of the input. In the present
study, the results regarding sensitivity to plausibility information were mixed, with
L2 speakers showing greater sensitivity than L1 speakers in the adjunct-clause con-
dition, and the reverse being true in the complement-clause condition. Regarding
garden-path recovery, we observed a clear slowdown at the disambiguating region of
the plausible adjunct-clause items in the L1 speakers. Among the L2 speakers, we
found an effect of AoA, where the group of early childhood acquirers (AoA < 5)
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showed a slowdown effect comparable to that found in the L1 speakers. In the late
childhood acquirers (AoA > 5), no such effect was present. Furthermore, in contrast
to previous findings (e.g., Jacob & Felser, 2016), the L1 and L2 groups did not differ
in the accuracy of their responses to the comprehension questions, and so the non-
native speakers were evidently not more susceptible to parsing breakdown.

The interaction between L1 group, plausibility, and construction type observed in
our data is not present in Roberts and Felser (2011), where only the L2 speakers
showed a strong response to the plausibility manipulation, and where this response
was present across both types of construction. In our data, there was an initial strong
response to the plausibility of the temporarily ambiguous NP in the L1 and the L2
group. However, although both groups were sensitive to the plausibility manipula-
tion regardless of the construction type, they differed in each showing a stronger
reaction to plausibility information in a particular construction type.

Findings from the monolingual processing literature offer some insight into why
the L1 speakers’ sensitivity to the plausibility manipulation may have differed across
the two construction types. A close examination of the adjunct- and complement-
clause items reveals that they differed in terms of the subcategorization information
(Chomsky, 1965) provided by the initial verb. Subcategorization information speci-
fies whether a verb can take only an NP complement, only a sentential complement,
either type of complement, or no complement at all. Among verbs of the penulti-
mate sort, information on verb bias (the tendency for a verb to take a particular kind
of complement) can also serve to generate expectations about upcoming input. For
example, while “hit” can only take an NP complement, and “proved” can only take a
sentential complement, “wrote” can take either type: both “John wrote the manu-
script” and “John wrote the manuscript had been destroyed in the fire” are possible
(Garnsey, Pearlmutter, Myers, & Lotocky, 1997, p. 59). Information on the fre-
quency with which “wrote” occurs in direct object versus sentential complement
constructions in a particular speech community can be used to classify it in terms
of subcategorization bias.

Verb bias has been found to interact with plausibility information (Garnsey et al.,
1997), such that plausibility only has a clear effect under certain verb bias condi-
tions. For example, in Garnsey et al. (1997), readers only showed sensitivity to
the plausibility of a temporarily ambiguous NP as a direct object of the preceding
verb in the absence of clear verb bias information. A possible explanation for this
finding is that when verb bias information is available, readers adopt the corre-
sponding structural analysis of the temporarily ambiguous section, and so rely less
on the plausibility of the NP to guide parsing. However, in the absence of verb bias
information, neither a direct object nor a sentential complement analysis is favored
by the available cues, and the reader may rely more heavily on plausibility informa-
tion in deciding which parse to adopt.

In the present study, clear differences in subcategorization biases are
evident across the adjunct-clause and complement-clause conditions. All but two
of the verbs in the former condition (“called” and “painted”) can only take an
NP-complement (see Table A.4 in Appendix A); arguably, the two verbs that con-
stitute the exceptions also have a heavy direct object bias. These verbs therefore pro-
vide strong cues in favor of a direct object analysis of the following NP. In contrast,
in the complement-clause items, none of the verbs are restricted to taking a
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particular kind of complement. While some of the verbs may have been biased in
this regard,'" what is important is that the cue provided by the subcategorization
information is considerably weaker in this condition.

The strong initial reaction to plausibility observed in the L1 group aligns with pre-
vious findings that readers attempt to integrate a temporarily ambiguous NP as a
direct object of a preceding verb regardless of the verb’s bias (Traxler, 2002;
Traxler, Pickering, & Clifton, 1998; Van Gompel, Pickering, & Traxler, 2001).
However, Traxler (2005) also provides evidence that verb bias information is accessed
rapidly as parsing proceeds, which would account for the rapid change in the strength
of the plausibility effect in our data. Following Garnsey et al. (1997), the presence of
clear verb bias information in the adjunct-clause condition may have led the L1 group
to rely less on plausibility information here, whereas the absence of verb bias infor-
mation in the complement-clause condition elicited the opposite response.

Although some studies have found L2 speakers to be able to both learn verb bias
information and employ it during online parsing (Dussias & Cramer Scaltz, 2008;
Jegerski, 2012; although cf. Frenck-Mestre & Pynte, 1997, Lee, Lu, & Garnsey, 2013;
Qian, Lee, Lu, & Garnsey, 2018, for alternative findings), previous experiments with
L2 speakers have not explicitly manipulated plausibility in conjunction with verb
bias. Thus, while it is evident that L2 speakers can use verb bias information during
online processing, it is not clear whether they do so preferentially, given the simul-
taneous availability of plausibility information.!? The pattern of results observed in
the present study could be explained if the L2 speakers did employ verb subcatego-
rization information to guide parsing, but weighted the plausibility information
more heavily than the L1 speakers did, thus experiencing greater processing disrup-
tion if the temporarily ambiguous NP was implausible given their expectations
regarding the upcoming input. For example, supposing that the L2 group also
accessed the subcategorization information provided by the verb in the adjunct-
clause condition, they may, upon encountering a subsequent NP, have favored
an analysis in which this NP was the direct object of the verb. Subsequently, assum-
ing heightened sensitivity to plausibility information in this group, in accordance
with the findings of Roberts and Felser (2011), they may have reacted strongly when
the NP was implausible in this role. In the complement-clause condition, the
absence of unequivocal subcategorization information may have prevented strong
expectations regarding the upcoming input from being generated. In this case, there
would be a reduced clash between the reader’s expectations and the plausibility of
the input in this condition, leading to a mitigated response to implausible NPs.

The speculative nature of this explanation is acknowledged, but it suggests
potentially fruitful avenues for further investigation of the relative weightings of
verb bias versus plausibility information in L1 and L2 processing. In particular,
the fact that both the early and late L2 acquirers showed the same differential sen-
sitivity to plausibility information across the two construction types—as indicated
by the absence of a Plausibility x AoA interaction at the temporarily ambiguous NP
in Tables 4 and 5—may suggest that AoA is not the sole determinant of L2 speakers’
prioritization of plausibility information. Further investigation into this issue should
begin with a verb bias norming study similar to Kennison (1999).

The remainder of this section addresses the second main finding of this study,
namely, the difference in behavior at the disambiguating region across the L1 and L2
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groups. One of the present study’s predictions was that given our L2 participants’
early AoA, extensive naturalistic L2 exposure, and high L2 proficiency, they would
exhibit processing patterns similar to those of the L1 group. This prediction was
borne out at the disambiguating region of the complement-clause items, where both
the L1 and L2 speakers showed only a marginal slowdown in the plausible condi-
tion. The mild nature of the processing disruption observed at this point is in line
with the findings of previous studies with monolingual speakers, and, as discussed
above, has been attributed to the fact that the structural revisions required to arrive
at a grammatical parse of garden-path constructions of this sort occur within the
thematic domain of the predicate. In spite of this, L2 speakers with a later AoA
and limited naturalistic L2 exposure have been found to slow down significantly
at the disambiguating region of complement-clause OSA constructions (Roberts
& Felser, 2011), which reflects difficulty in revising their initial parse. Our results,
however, indicate that nativelike processing of these constructions is possible in L2
speakers of the profile examined here.

The study’s prediction of L1-L2 convergence in reanalysis behavior was not
entirely borne out for the adjunct-clause items, where more substantial structural
revisions are required to derive a grammatical parse. Specifically, the L1 group
exhibited a significantly stronger slowdown at the disambiguating region in the
plausible condition compared to the L2 group, reflected in the Plausibility x
Group interaction at segment 11. Closer scrutiny of the L2 group revealed an effect
of AoA at this region: whereas the early childhood acquirers (AoA < 5) exhibited
longer RTs here in the plausible condition, the late childhood acquirers (AoA > 5)
did not. This suggests that only the early childhood acquirers initiated reanalysis of
these constructions online. The finding that the later L2 acquirers did not initiate
reanalysis aligns with the findings of Roberts and Felser (2011).

The present data do not allow for strong claims to be made regarding the precise
AoA at which differences between online reanalysis behavior in L1 and L2 speakers
begin to emerge. However, the difference between the processing patterns of the
early and late childhood L2 acquirers in our study is in accordance with previous
observations of a distinction between L2 acquirers with AoAs on either side of
approximately 6 years of age, which has been cited as the offset of the period in
which ultimate attainment of nativelike L2 morphosyntax is most likely (Flege,
Yeni-Komshian, & Liu, 1999; Granena & Long, 2013; Hyltenstam, 1992; Johnson
& Newport, 1989; Long, 1990). Studies of online processing specifically have
observed greater L1-L2 differences in L2 speakers with an AoA of 4 to 5 years
and up (Verissimo et al., 2018; Weber-Fox & Neville, 1996).!* Regardless of the
exact AoA at which processing nativelikeness becomes less likely, it is nonetheless
striking that age effects are observed in the present sample of L2 speakers, who on
the whole have had extensive exposure to the L2 from a young age.

An additional novel finding of the present study is that the nonnative group as a
whole performed within the native-speaker range on the offline measure of com-
prehension. This is in contrast to some previous findings (e.g., Jacob & Felser,
2016) where, in response to comprehension questions like those of the present study
that probed the interpretation of the temporarily ambiguous NP, the L2 group
scored significantly lower than the L1 group. In this regard, the L1 and L2 groups
were equally accurate in their responses to the comprehension questions following
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Table 4. Age effects on L2 processing of adjunct-clause items

Segment 6 Segment 7 Segment 8 Segment 9 Segment 10 Segment 11 Segment 12 Segment 13
beer imported from Europe pleased all the customers
Parameter Est. (SE) t P Est. (SE) t P Est. (SE) t p Est. (SE) t P Est. (SE) t p Est. (SE) t p Est. (SE) t p Est. (SE) t P
Plausibility —0.03 —-1.10 .270 —0.08 —3.80 .000 —0.09 —3.93 .000 —0.03 -1.0 .318 0.03 0.87 0.387 0.03 113 .258 0.01 0.56 .575 0.06 1.76 .078
(0.03) (0.02) (0.02) (0.03) (0.04) (0.03) (0.02) (0.04)
AoA 0.13 1.60 .109 0.06 0.90 .369 0.06 112 263 0.08 132 .88 0.14 2.07 0.038 0.06 130 .194 0.04 092 .358 0.06 0.86 .391
(0.08) (0.06) (0.05) (0.06) (0.07) (0.05) (0.04) (0.07)
Plausibility x —0.01 —0.40 .687 0.00 0.06 .954 0.01 0.51 .607 0.00 0.17 .863 0.00 0.18 0.860 —0.02 —-133 .184 —0.02 —-1.73 .084 0.00 0.02 .984
AcA (0.02) (0.02) (0.02) (0.02) (0.02) (0.02) (0.01) (0.02)

Table 5. Age effects on L2 processing of complement-clause items

Segment 5 Segment 6 Segment 7 Segment 8 Segment 9 Segment 10 Segment 11 Segment 12 Segment 13
report about the budget would start an important debate

Parameter Est. (SE) t P Est. (SE) t p Est. (SE) t P Est. (SE) t p Est.(SE) t P Est. (SE) t p  Est. (SE) t p  Est. (SE) t p  Est. (SE) t P

Plausibility 0.00 0.13 .894 —0.08 —4.22 .000 —0.03 —-1.53 .126 —0.02 —1.05 .292 0.01 0.41 0.680 0.04 150 .134 0.00 0.16 .873 0.02 113 .258 0.01 037 .712

(0.02) (0.02) (0.02) (0.02) (0.03) (0.03) (0.02) (0.01) (0.03)
AcA 011 157 117 006 081 416  0.09 166 .09  0.07 111 266 009 135 0178 006 109 .276 006 112 265 004 100 .315 007 127 .203
(0.07) (0.07) (0.05) (0.07) (0.07) (0.06) (0.05) (0.04) (0.06)

Plausibility 001 085 396 —0.02 -113 257 0.2 142 155  0.02 112 264 003 132 0187 001 026 .793 001 075 .455 001 099 .324 002 123 .219
x AoA (0.02) (0.01) (0.01) (0.02) (0.02) (0.02) (0.02) (0.01) (0.02)
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Table 6. Later L2 acquirers, adjunct-clause items

Segment 6 Segment 7 Segment 8 Segment 9 Segment 10 Segment 11 Segment 12 Segment 13
beer imported from Europe pleased all the customers
Parameter  Est. (SE) t p Est. (SE) t P Est. (SE) t P Est. (SE) t P Est. (SE) t P Est. (SE) t P Est. (SE) t P Est. (SE) t P
Plausibility —0.04 —-1.51 .132 —0.09 —-3.23 .001 —0.07 —3.26 .001 —0.03 —0.67 .503 0.00 0.07 .941 0.01 0.25 .806 —0.02 —0.63 .531 0.05 136 .174
(0.03) (0.03) (0.02) (0.04) (0.05) (0.04) (0.03) (0.04)
Table 7. Earlier L2 acquirers, adjunct-clause items
Segment 6 Segment 7 Segment 8 Segment 9 Segment 10 Segment 11 Segment 12 Segment 13
beer imported from Europe pleased all the customers
Parameter  Est. (SE) t P Est. (SE) t P Est. (SE) t P Est. (SE) t p Est. (SE) t p Est. (SE) t p Est. (SE) t p Est. (SE) t P
Plausibility —0.02 —0.55 .583 —0.08 —2.78 .005 —0.10 —2.85 .004 —0.02 —0.76 .447 0.07 2.04 .042 0.06 1.88 .060 0.04 197 .049 0.07 149 .135
(0.04) (0.03) (0.04) (0.02) (0.04) (0.03) (0.02) (0.05)
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the experimental items, and there was also no difference in accuracy across the early
and late childhood L2 acquirers. The pattern observed across the board was lower
accuracy in the plausible compared to the implausible condition. Evidently, then, all
participants were equally able (or unable, as the case may have been) to recover a
correct parse of the adjunct-clause items. In terms of RTs to the comprehension
questions, both the L1 and L2 group were significantly slower in responding to
the questions following the plausible items. However, this delay was not extended
among the late childhood L2 acquirers. It therefore appears that, although the late
childhood acquirers did not seem to initiate reanalysis of the plausible items online,
they were still able to arrive quickly at a grammatical parse of these constructions.

This finding suggests that even for late childhood L2 acquirers, there is some
benefit to extensive naturalistic L2 exposure and high L2 proficiency in facilitating
the revision of structural analyses. While online reanalysis may still not occur in
particularly difficult garden-path sentences, it seems that L2 speakers of this profile
are nonetheless able to perform rapid offline reanalysis, ultimately leaving them on
equal footing with native speakers and early childhood L2 acquirers in terms of the
final outcome of comprehension.

Conclusion

The results of the present study have several implications. First, they suggest that
L1-L2 differences in the online processing of structurally complex garden-path sen-
tences may be found even among childhood L2 acquirers, with differences in L1-L2
convergence across early and late childhood acquirers being observed. The differ-
ence in online processing between relatively earlier and later L2 acquirers observed
here, however, was not reflected in their offline performance, as the two groups per-
formed equivalently on the comprehension questions following the experimental
items, which probed the interpretation of the temporarily ambiguous region of
the sentence. Second, contra certain models of L2 processing, L2 speakers are
not always more sensitive than L1 speakers to semantic information. To explain
the interaction between construction type, L1 versus L2 status and plausibility
observed in our study, we have suggested an interplay between two information
sources—verb bias and plausibility—that may be weighted differently across L1
and L2 speakers. Further research should aim to shed light on this interplay in non-
native language processing.

Acknowledgments. The author would like to acknowledge the work of Leah Roberts and Claudia Felser in
developing the sentences upon which the current study’s stimuli were based and thank them for making
these sentences publically available. The author would also like to thank Emanuel Bylund for valuable dis-
cussion and feedback on earlier versions of this manuscript.

Notes

1. A reviewer points out that English and Afrikaans differ in that Afrikaans is a verb-second (V2) language,
but V-final in embedded clauses and simple clauses with modals. Conceivably, parsing routines from the V2
L1 may then affect L2 parsing. However, previous studies have found limited evidence for transfer of L1
parsing routines in OSA processing. For example, Havik, Roberts, van Hout, Schreuder, and Haverkort
(2009) tested subject- and object-relative clause processing in L1 German learners of L2 Dutch. Both
are V2 languages, and monolingual speakers of both languages have been shown to have a subject-relative
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preference. In L2 Dutch, however, the German speakers showed no such preference, suggesting that L1
parsing strategies were not employed.

2. As a reviewer points out, the fact that our L1 group knew another language sets them apart from the
monolingual native speaker control groups typically employed in sentence processing studies. This practice
of employing monolingual control groups, like the notion of the “native speaker,” has been extensively criti-
cized (see, e.g., Birdsong & Gertken, 2013; Cook, 1999; Ortega, 2011; Rampton, 1990). The bilingualism of
our L1 group mitigates to some extent the concern about comparing bilingual L2 speakers to monolingual
L1 speakers and also moves away from the idealized “native speaker” construct. The most suitable compari-
son group for this study would however have been bilingual speakers who acquired both languages from
birth (see, e.g., Bylund, Hyltenstam, & Abrahamsson, 2013 for discussion of this point).

3. Both models included by-participants random slopes for plausibility, in addition to random intercepts
for subjects and items.

4. No random slopes were included in these models, as neither model would converge with them.

5. The model included fixed effects of L1 group and plausibility and random intercepts for participants and
items.

6. The L1 Afrikaans model included by-items random slopes for plausibility. The L1 English model did not
converge with any random slopes.

7. The L1 English model included by-participants and by-items random slopes for plausibility. The L1
Afrikaans model would not converge with any random slopes.

8. The model included fixed effects of L1 group and plausibility, random intercepts for participants and
items, and by-participants random slopes for plausibility.

9. The maximal random effects structure that would converge included random intercepts for participants
and items.

10. The maximal random effects structure that would converge included random intercepts for participants
and items.

11. Based on Garnsey et al.’s (1997) ratings, four of the complement-clause verbs would be classified as
having a sentential-complement bias (“confessed,” “believed,” “proved,” and “suggested”), and three as hav-
ing a direct-object bias (“warned,” “wrote,” and “confirmed”). Again, though, the point is that, in contrast to
the adjunct-clause verbs, none of the complement-clause verbs that were used was restricted to taking a
particular kind of complement.

12. As noted by a reviewer, the extent to which verb bias is semantic or syntactic in nature is debatable. It is
thus not clear whether current models of L2 processing such as the Shallow Structure Hypothesis that deal
with semantic versus syntactic information would predict L2 speakers to prioritize plausibility information
over verb bias information. We speculate here, based on past research, only that L2 speakers may generally
be more sensitive to plausibility information than L1 speakers.

13. As a reviewer points out, the age effect observed here could also be due to increased L1 entrenchment
among the later L2 acquirers (see, e.g., Hernandez, 2013; MacWhinney, 1987, 2005).
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Appendix A

Table A.1. L1 participants’ background data (standard deviation)

Age of L2 acquisition 5.7 (3)
English exposure (%)® 74 (14.6)
Afrikaans exposure (%) 21.9 (15.5)
L2 speaking self-rating® 6.2 (1.5)
L2 reading self-rating 6.6 (1.6)
L2 comp. self-rating 7.4 (1.4)
C-test score (%) 75.3 (9.2)

This is a self-reported estimate for current global exposure at the time of testing.
bSelf-ratings are on a scale from 1 to 10.

Table A.2. Syllable length and frequency information for critical nouns, adjunct-clause items (Center for
Lexical Information, 1993)

Pair number Noun Syllable length Log frequency
1 boat 1 1.88
horse 1 2.12
2 ladder 2 1.20
housewife 2 1.15
3 tree 1 2.28
fish 1 2.21
4 coffee 2 1.96
flower 2 1.97
5 milk 1 2.0
dog 1 2.06
6 beer 1 1.69
song 1 1.70
7 cake 1 1.53
truck 1 1.56
8 boy 1 2.54
car 1 2.55
9 ice-cream 2 0.70
puppy 2 0.85
10 plane 1 1.80
song 1 1.70
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Table A.3. Syllable length and frequency information for critical nouns, complement-clause items (Center
for Lexical Information, 1993)

Pair number Noun Syllable length Log frequency
1 issue 2 2.16
report 2 2.16
2 mother 2 2.68
problem 2 2.70
3 book 1 2.64
girl 1 2.64
4 doctor 2 2.26
story 2 2.36
5 boss 1 1.34
crime 1 1.20
6 magazine 3 1.81
professor 3 1.93
7 poem 2 1.40
tutor 2 1.42
8 answer 2 2.12
teacher 2 2.21
9 lady 2 2.05
theory 2 2.15
10 king 1 2
truth 1 2.13
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Table A.4. Verb biases for complement- vs. adjunct-clause constructions

Construction Verb

Complement clause confessed

suggested

Adjunct clause sailed

Cite this article: Berghoff, R. (2020). The processing of object-subject ambiguities in early second-language
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