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1. Introduction*
Even at high levels of proficiency, grammatical gender poses a persistent
challenge to adult learners of a second language. While a considerable body of
research has investigated L2 use and processing of grammatical gender, it
remains unclear what the source of this difficulty is. Evidence does, however,
suggest that it is not a knowledge deficit. Studies using offline comprehension
tasks that probe knowledge of grammatical gender have, for example, repeatedly
found that advanced L2 learners perform at ceiling (Alarcón, 2011; Grüter et al.,
2012; McCarthy, 2008; Montrul et al., 2008; White et al., 2004). This has been
taken as evidence that late L2 learners acquire the mental representations for
grammatical gender information. Further evidence has come from research
demonstrating online sensitivity to gender agreement. Self-paced reading and
eye-tracking studies have shown that, like native speakers, late L2 learners
spend more time reading a post-nominal adjective in Spanish that does not agree
in gender with its preceding noun compared to adjectives that do agree (Foote,
2011; Keating, 2009; Sagarra & Herschensohn, 2010). Event-related potential
(ERP) studies have further found that L2 learners can show native-like P600
responses to gender agreement violations (Alemán Bañon et al., 2014; Foucart
& Frenck-Mestre, 2011, 2012; Gillon Dowens et al., 2010, 2011; Tokowicz &
MacWhinney, 2005). Together, these findings that advanced adult L2 learners
show ceiling performance in offline tasks as well as online sensitivity to gender
agreement violations suggest that the source of their difficulty in using
grammatical gender online does not exclusively stem from a knowledge deficit.
An alternative possibility is that L2 difficulty with grammatical gender has
a processing-based locus. Indeed, there is substantial research to suggest that
this is the case. Using eye-tracking while reading, Keating (2009) found that
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advanced late L2 learners of Spanish did not show sensitivity to gender
agreement violations occurring outside of a determiner phrase, whereas these
participants did show sensitivity within the determiner phrase; native speakers,
in contrast, were sensitive to violations regardless of whether they occurred
within the determiner phrase (cf. Gabriele et al., 2013). Studies have also shown
variability in ERP responses elicited by gender agreement violations for late L2
learners compared to native speakers. While native speakers consistently show
P600 responses to gender agreement violations in sentential contexts (Barber &
Carreiras, 2005; Davidson & Indefrey, 2009; Demestre & Garcia-Albea, 2007;
Gunter et al., 2000 Hagoort, 2003; Hagoort & Brown, 1999; Molinaro et al.,
2008; Nevins et al., 2007; O’Rourke & Van Petten, 2011; Sabourin &
Haverkort, 2003; Wicha et al., 2004), some studies fail to find any P600
response to adjective-noun agreement violations in late L2 learners (Foucart &
Frenck-Mestre, 2011, 2012; Morgan-Short et al., 2010).
In addition to variable sensitivity to gender agreement, late L2 learners also
show a reduced or absent ability to use gender marking information in order to
anticipate upcoming nouns in an utterance. For example, Guillelmon and
Grosjean (2001) had native speakers as well as early and late L2 speakers of
French perform a repetition task in which they listened to auditorily presented
noun phrases and were asked to repeat the nouns they heard. The determiner that
preceded the noun in each noun phrase was either congruent in gender with the
noun, incongruent in gender, or gender-neutral. For native speakers and early L2
acquirers of French, naming latencies were shorter when a noun was preceded
by a congruent determiner than when preceded by a gender-neutral determiner,
suggesting that gender information on the determiner facilitated lexical access to
the nouns. For these same groups, naming latencies were longer when nouns
were preceded by an incongruent determiner than when preceded by a neutral
determiner, indicating that these participants may have been using gender
information on the determiner to anticipate the upcoming noun, and experienced
a processing cost when their expectations were not met. In contrast to these
results, late L2 learners of French showed no effect of gender congruency on
their naming latencies, suggesting that they were unable to or inefficient at using
gender information on the determiners to anticipate the upcoming nouns.
A similar discrepancy between L1 and late L2 processing has been found in
looking-while-listening and eye-tracking research. In these tasks, participants
hear phrases containing a gender-marked determiner and a target noun while
they view a visual display of nouns belonging either to different gender classes
or to the same gender class. Native speakers are consistently faster at orienting
to a target image on trials where gender marking is an informative cue to the
identity of a target noun compared to when it is an uninformative cue (Dussias et
al., 2013; Grüter et al., 2012; Hopp, 2013, 2015; Lew-Williams & Fernald,
2007, 2010). L2 learners, in contrast, are often no faster at orienting to the target
noun on informative trials than on uninformative trials (Grüter et al., 2012; LewWilliams & Fernald, 2010), though Hopp (2013, 2015) found that advanced L2
learners of German who were more accurate in a gender assignment task did
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show anticipatory looks on informative trials. Hopp (2013) further reports
evidence that individuals’ speed of lexical access predicts whether they will
exhibit anticipatory looks (see also Dussias et al., 2013).
An aspect of L2 processing that has, to our knowledge, been unexplored is
the time course of lexical access. Prior research on L1 populations has found
that grammatical gender is retrieved prior to phonology (Van Turennout et al.,
1998). Additional research has shown, however that the time course of
information retrieval during lexical access is sensitive to retrieval difficulty
(Abdel Rahman et al., 2003; Abdel Rahman & Sommer, 2003). Specifically,
these studies showed that the timing of semantic information retrieval relative to
phonological retrieval is delayed when semantic retrieval is made more difficult,
without affecting the timing of phonological retrieval. It is therefore plausible
that L2 speakers may experience delayed retrieval of grammatical gender
information relative to phonological information, if it is more difficult for them
to retrieve grammatical gender. Such delayed retrieval might, in turn, explain
some of the difficulties L2 populations experience in using grammatical gender
online to anticipate or compute agreement relations. The current study therefore
employs a covert naming task in order to investigate whether late L2 learners of
German are delayed in their retrieval of grammatical gender information relative
to their retrieval of phonological information.
2. Current Study
2.1. Method
To investigate the relative time course of access to phonology and gender in
L2 lexical retrieval, we combined the use of EEG with a dual-choice go/no-go
task. We followed previous research using this paradigm (e.g. Van Turennout et
al., 1998; Schmitt et al., 2000) in focusing on two ERP components as measures
for estimating the relative time course of lexical access: the lateralized readiness
potential (LRP) and the N200. The LRP is an ERP effect that, in dual-choice
contexts with a left/right hand response, reflects preparation to respond with a
specific hand. The LRP begins to develop as soon as task-relevant information
becomes available to be passed on to the motor system (Kutas & Donchin,
1980). Importantly, in go/no-go tasks the LRP may also develop briefly on nogo trials before a motor response is inhibited by the decision-making system.
Relative time course information is obtained based on whether an LRP develops
on no-go trials when one source of information determines the hand response,
but not the other. The rationale is that if one source of information (e.g. gender)
is retrieved before the other (e.g. phonology), an LRP will develop on no-go
trials when that earlier source of information (i.e. gender) determines the hand
response. The no-go LRP is then later aborted when the go/no-go information
source is retrieved and can inform the decision making system that no response
is needed. The LRP thus provides an upper estimate of when the linguistic
feature determining response hand was retrieved.
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The other ERP component under investigation, the N200, is a negativegoing potential over frontal sites that is larger on no-go trials than on go trials
and is assumed to reflect response inhibition (Folstein & Van Petten, 2008). As
such, the N200 complements the LRP by providing an upper estimate of when
the linguistic feature determining the go/no-go response was retrieved. Relative
time course information is inferred by comparing N200 latencies across
conditions where the go/no-go response is determined by different sources of
information (e.g. gender or phonology).
In addition to the dual-choice go/no-go task, we also included a gender
decision task to assess individuals’ speed of access to grammatical gender
information in the absence of a secondary task.
2.2. Participants
Nineteen L1-English L2 learners of German with normal or corrected-tonormal vision participated in this experiment (10 female, 8 left-handed)1. Table
1 summarizes L2 participants’ demographic and proficiency data. Participants
also included twenty native speakers of German with normal or corrected-tonormal vision (7 female, 3 left-handed, age 20-35, M = 24.5). No participants
reported any history of neurological impairments, and all provided informed
consent and received modest monetary compensation for their participation.
Table 1. Summary of L2 participants’ demographic and German
proficiency data (n = 19).
Mean Std. Dev Range
Age
21.4
3.1 18-30
AoA
13.8
1.0 11-16
Proficiency Measure
Goethe Institut Test (30 max)
17.9
4.1 12-25
Self-Rated German Proficiency
Speaking (10 max)
6.7
1.5
4-9
Listening (10 max)
7.2
1.8
4-10
Writing (10 max)
6.6
1.2
4-8
Reading (10 max)
7.1
1.4
5-9
2.3. Materials
2.3.1. Dual-Choice Go/No-Go Task
Materials for the dual-choice go/no-go task were 24 black-and-white images
taken from the International Picture Naming Database (Bates et al., 2000). All
images depicted high frequency, concrete nouns with high naming agreement in
German. Nouns corresponding to the images were equally balanced across two
grammatical gender categories (masculine and neuter) and two word-initial
1

Data from one additional participant were removed due to a recording issue.
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phone categories (/b/-initial and /k/-initial). Thus there were six masculine /b/initial items, six masculine /k/-initial items, six neuter /b/-initial items and six
masculine /k/-initial items. No nouns had natural gender or any morphological,
orthographic or phonological markers of gender class.
2.3.2. Gender Decision Task
Items in the gender decision task consisted of 60 high frequency and 60 mid
frequency nouns that were morphologically simple and did not have natural
gender. Within each frequency band there were 20 nouns with masculine
gender, 20 with feminine gender and 20 with neuter gender. Each of these
subsets of 20 nouns were matched for character length.
2.4. Procedure
All experimental tasks were administered using Paradigm (Perception
Research Systems, 2007). Data collection took place in a single session lasting
between 180 and 210 minutes. Each session began with a language history
questionnaire and an abridged version of the Edinburgh Handedness Inventory.
This was followed by a brief warm-up in which the images used in the dualchoice go/no-go task were randomly presented on a computer screen to
participants, who were asked to provide the name and grammatical gender of
each item. This was done to ensure that participants knew the gender for each
item and were supplying the expected names for each image.
After the warm-up, participants completed the dual-choice go/no-go task. In
this task, the images were presented to participants individually in a central
viewing position on a computer monitor. Participants were asked to use one
source of information about the depicted noun (either the gender or initial
phone) to decide whether or not to press a button (i.e. the go/no-go portion of
the task), and the other source of information to decide whether to respond with
their right hand or left hand on go trials. We manipulated which information
source determined which decision within subjects (i.e. whether grammatical
gender or phonology determined the go/no-go response or the hand response).
Participants encountered each possible configuration in separate blocks.
Response hand was also counterbalanced within subjects. Thus each participant
encountered eight blocks total. Within a block, items were presented in a
randomized order over four repetitions for a total of 96 trials per block. An item
was not repeated until all 24 items had been presented in a single repetition of
item presentation. Block order was counterbalanced across four lists, and list
assignment was balanced across participants so that an equal number of
participants saw each list.
Each trial began with a fixation cross lasting 300 ms and a blank screen
lasting 200 ms, followed by an image in the center of the computer screen.
Images remained on screen for a maximum of two seconds, during which time
participants made their go/no-go responses on a handheld gamepad using their
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left and right index fingers. Trials terminated when a response was made or after
the two second timeout period. Upon termination of a trial, there was an 800 ms
blank screen followed by a screen lasting 1700 ms that participants had been
instructed to use for blinking, then a 300 ms blank screen; then the next trial
began. Participants received short breaks between blocks, as well as instructions
for the next block. Each block began with a practice in which participants
responded to each experimental item following the new block instruction.
Participants repeated the practice as many times as necessary until they were
confident with the new configuration.
Following the dual-choice go/no-go task, participants completed the gender
decision task. Items in this task were presented in a randomized order, and
participants responded by pressing one of three pre-specified buttons on the
gamepad to indicate if the gender of a word was feminine, masculine or neuter.
Each trial began with a fixation cross in the center of the screen lasting for 300
ms, followed by a blank screen of 200 ms and then the string of letters, which
remained on screen until a response was made. After participants made their
responses, there was a blank screen with a variable interstimulus interval
between 1500 and 1800 ms before the next trial began.
2.5. Data Acquisition and Analysis
Continuous EEG was recorded from 28 tin scalp electrodes mounted in an
elastic cap (Electro-cap International), in accordance with the extended 10-20
system (Jasper, 1958). Eye movements and blinks were monitored with
electrodes placed below the left eye and at the outer canthus of each eye. The
EEG was amplified with a BrainAmpDC bioamplifier system (Brain Products,
Gilchin, Germany) and digitized with a 1000-Hz sampling rate and an online
450 Hz lowpass filter and a 0.016 Hz high pass filter (10s time constant).
Impedances were held below 5 kΩ at scalp and mastoid sites and below 15 kΩ at
the ocular electrodes. All electrodes were referenced online to the left mastoid
and re-referenced offline to the algebraic mean of activity over the left and right
mastoids.
Offline processing was conducted with EEGLAB (Delorme & Makeig,
2004) and ERPLAB (Lopez-Calderon & Luck, 2014) toolboxes. Only trials with
correct responses were processed for analysis. A 0.1- to 30-Hz bandpass zero
phase-shift Butterworth IIR filter (-6-dB cutoff, 12-dB/octave roll-off) was
applied offline to the continuous EEG. Trials with excessive artefacts not related
to eye movements and blinks, or with ocular activity earlier than 250 ms poststimulus were hand-rejected. Independent component analysis (ICA) was then
used to isolate and remove EEG components related to blinks and eye
movements on remaining trials. After ICA artefact correction was completed,
trials were rescreened to remove epochs with excessive drift, muscle activity or
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other artefacts. In total, 5.1% of trials were rejected for the L2 participants, and
4.2% of trials for the L1 participants. Data were then downsampled to 250 Hz2.
ERPs were calculated over a 1800 ms window time-locked to the onset of
the picture for each participant over each electrode for each condition, relative to
a 200 ms pre-stimulus baseline. LRPs were calculated by subtracting the
averaged EEG that was ipsilateral to a response hand from the averaged
contralateral activity to a response hand at electrode sites C3 and C4, which are
located near the primary motor cortices (see Kutas & Donchin, 1974). LRPs
were quantified by averaging 4 ms time bins from 0-1000 ms. Bins were
averaged separately for each combination of condition (go/no-go = phonology
and hand = gender or go/no-go = gender and hand = phonology), trial type (go
or no-go) and participant, yielding four data points per participant per time bin.
N200s were quantified as peak latency in the no-go minus go difference waves
at Fz in the 200-700 ms time window for each combination of condition, trial
type and participant. N200 peak latencies were determined using a jackknife
procedure (Miller et al., 1998).
All statistical analyses were carried out in R (R Core Team, 2015). N200
data were analyzed with ANOVAs using the F-value correction procedure for
jackknifing following Ulrich & Miller (2001). LRPs were analyzed as a time
series by fitting the averaged time bins to a generalized additive mixed model
(GAMM; see Wood, 2006). GAMMs are a semi-parametric extension of linear
regression that allow the modeler to fit smooths to the data in order to model
non-linearity. GAMMS provide p-values for smooth terms as an indication of
whether the smooths are significantly different from zero. Interpretation of
effects, however, requires visualization.
Behavioral data were analyzed with mixed effects models using linear
models for the reaction time data and generalized linear models for the accuracy
data. Only correct responses were analyzed for the reaction time data. Responses
in the gender decision task were removed if they were shorter than 200 ms,
longer than 3000 ms, or greater than 2.5 standard deviations from a participant’s
mean response time. This removed 0.8% of correct trials from the L1 data and
3.5% from the L2 data. No trials required trimming from the dual-choice go/nogo task. All models were fit with the maximal random effects structure that
would converge on the data (Barr et al., 2013). Effects in the linear models are
considered significant at an absolute t-value of 2 (Baayen et al., 2008).
3. Results
3.1. Behavioral Results
In the gender decision task, mean accuracy was 96.8% (SD = 2.4%) for the
native speakers and 63.2% (SD = 12.7%) for the L2 speakers. Modeling results
found this difference to be significant (logOdds = -3.00, p < 0.001). The mean

2
EEG for one L2 participant was recorded at 250 Hz and was therefore not
downsampled.
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reaction time for the native speakers was 981.9 ms (SD = 154.1 ms). For the L2
participants this was 1283.0 ms (SD = 181.3 ms). This difference also proved
significant (ß = 0.27, t = 5.83). The L1 speakers of German were thus
significantly faster and more accurate at assigning grammatical gender to
German nouns than the L2 participants.
Mean accuracy for the native speakers in the dual-choice go/no-go task was
97.8% (SD = 1.7%) on go trials and 99.3% (SD = 0.7%) on no-go trials. L2
participants were 98.3% (SD =1.4%) accurate on go trials and 99.6% (SD =
0.6%) accurate on no-go trials. No effects of group, i.e. L1 or L2 speaker
(logOdds = 0.31, p = 0.204), or condition, i.e. hand = phonology or hand =
gender (logOdds = 0.12, p =0.321) emerged from the model fit to this data.
Participants were thus highly accurate overall, regardless of condition or
whether they were L1 or L2 speakers.
Mean response times for the native speakers were 942.2 ms (SD = 160.2)
when hand = gender, and 946.2 ms (SD = 183.2 ms) when hand = phonology.
L2 speakers’ mean response times were 895.8 ms (SD = 156.3 ms) when hand =
gender, and 930.0 ms (SD = 148.2 ms) when hand = phonology. The model for
this data revealed no effect of group (ß = -0.02, t =-0.42) or condition (ß = 0.02,
t = 0.84). In short, L2 and L1 participants were equally accurate and fast in the
dual-choice go/no-go task, regardless of condition.

3.2. EEG Results
3.2.1. N200
Difference waves for the grand-average N200s are shown in Figure 1 in
each condition for L1 and L2 participants. Mean peak latencies for the native
speakers were 398.8 ms when go/no-go = gender and 419.0 ms when go/no-go =
phonology. These latency differences did not emerge as significant in an
ANOVA test (F (1,19) = 13.83, FCORRECTED = 0.04, pCORRECTED = 0.847). Mean peak
latencies for the non-native speakers were 422.1 ms when go/no-go = gender
and 419.4 ms when go/no-go = phonology. A type III ANOVA revealed no
significant differences between these latencies (F (1,18) = 9.94, FCORRECTED = 0.03,
pCORRECTED = 0.863).
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Figure 1. ERP plots of N200 effects for native and non-native speakers
when go/no-go = phonology and go/no-go = gender. 200 ms of prestimulus
and 1000 ms of poststimulus activity are depicted; negative voltage is
plotted up.
A type III two-way ANOVA with the factors group (L1 or L2) and
condition (go/no-go = gender or go/no-go = phonology) further yielded no
significant main effect for group (F (1,37) = 13.18, FCORRECTED = 0.04, pCORRECTED =
0.850), nor did it find a significant interaction between group and condition (F
(1,37) = 20.88, FCORRECTED = 0.06, pCORRECTED = 0.811)3. Figure 2 overplots the N200
difference waves for L1 and L2 participants by condition.
Gender Difference Waves
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Phonology Difference Waves
N200

N200

-200

Non-Native Speakers

Native Speakers

200

2µV

400
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800

1000

Non-Native Speakers
Native Speakers

Figure 2. Overplot of difference waves when go/no-go = gender and when
go/no-go = phonology for native and non-native speakers. 200 ms of
prestimulus and 1000 ms of poststimulus activity are depicted; negative
voltage is plotted up.

3
Note that the F-correction procedure requires dividing the F-statistic by the square of
the number of participants in a group minus one. Due to the unbalanced number of
participants in each group, it was unclear what number to select for this. We chose to
report the more conservative p-values obtained by dividing the F-statistics by 19^2.
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3.2.2. LRP
Figure 3 shows the grand-average LRPs for the L1 and L2 participants in
each condition. GAMM results find no significant no-go activity for L1
participants (Hand = Gender: edf = 1.0, F = 1.81, p = 0.179; Hand = Phonology:
edf = 1.0, F = 0.36, p = 0.547) nor for the L2 participants (Hand = Gender: edf =
1.0, F = 2.05, p = 0.152; Hand = Phonology: edf = 1.0, F = 0.28, p = 0.600). The
GAMM further revealed that go LRPs when gender = hand onset significantly
earlier for the L2 participants (~368) ms compared to the native speakers (~428
ms). Figure 4 overplots these effects. The LRP data thus find no evidence that
late L2 learners are delayed in their retrieval of grammatical gender relative to
phonology or relative to native speakers.

Non-Native Speakers

Native Speakers

(A) Go/No-Go = Phonology
Hand = Gender

(B) Go/No-Go = Gender
Hand = Phonology

LRP

LRP

−3µV

LRP

LRP

−1µV

Go

No−Go

−200

2µV

200

400

600

800

1000

Go
No−Go

Figure 3. ERP plots of LRP effects for native and non-native speakers.
Panel A shows LRPs when gender determines the hand response and panel
B when phonology determines this response. 200 ms of prestimulus and
1000 ms of poststimulus activity are depicted; negative voltage is plotted up.
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Figure 4. Overplot of go LRPs for native and non-native speakers when
hand= gender. 200 ms of prestimulus and 1000 ms of poststimulus activity
are depicted; negative voltage is plotted up.
4. Discussion
This study examined whether L2 processing difficulties with grammatical
gender may stem partly from delayed retrieval of gender information during
lexical access. Using a dual-choice go/no-go task, we found that late L2 learners
of German are neither delayed in accessing grammatical gender relative to
native speakers nor relative to phonology. We further found no evidence for
earlier access to gender compared to phonology in our native speakers, in
contrast to the findings of Van Turennout et al. (1998). Our results thus suggest
that the difficulties L2 learners experience with grammatical gender cannot be
directly tied to delays in the timing of gender access during online processing.
The ERP and behavioral data revealed a similar time course for access to
gender and phonology for L1 and L2 speakers of German. N200 data showed no
difference in peak latencies for grammatical gender or phonology when
comparing L1 to L2 participants. Both L1 and L2 groups further showed an
absence of no-go LRPs in both conditions. While this absence of no-go LRPs
makes it difficult to draw any conclusions from a between-group comparison,
the L2 group did show a significantly earlier go LRP when hand = gender
compared to the L1 group. This suggests that the L2 participants were not
delayed relative to the L1 participants in retrieving grammatical gender. The
behavioral data provide additional support for this conclusion in revealing no
differences in response times or accuracy between L1 and L2 speakers. Our data
thus indicate that for our L1-English L2-German speakers, the lack of
grammatical gender in the L1 does not preclude rapid access – on a time-scale
similar to native Germans’ – to gender information, at least for familiar nouns.
Critically, despite comparable performance in the dual-choice go/no-go
task, L2 speakers were reliably less accurate and slower than native speakers in
selecting the appropriate grammatical gender for a word, as found by the gender
decision task. Thus the fact that L2 performance did not differ statistically from
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L1 performance in the dual-choice go/no-go task cannot be attributable to high
L2 proficiency or to L1 attrition.
In addition to finding a similar time course for access to grammatical
gender and phonology across L1 and L2 participants, results further found no
evidence for earlier access to grammatical gender over phonology in our L1 or
L2 speakers of German. The N200 data revealed no differences in peak latencies
between grammatical gender and phonology for either group, and there was a
complete absence of no-go LRPs in both conditions for L1 and L2 participants.
These results fail to replicate the findings of Van Turennout et al. (1998) that
gender is retrieved before phonology in L1 lexical access. Instead, our results
indicate that retrieval of grammatical gender and phonology follow a similar
time course in both L1 and L2 lexical access.
In short, the current study found that access to grammatical gender and
phonological information show a similar time course in both L1 and L2 lexical
access. This finding places constraints on psycholinguistic accounts of the
dissociation between online and offline L2 gender use, suggesting that this
difficulty is not due to delayed access for familiar nouns. We further found no
evidence for earlier access to grammatical gender over phonology, indicating
that earlier access to grammatical gender may not be a pervasive feature of the
language production system for native speakers, in contrast to earlier findings.
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