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Abstract: Second language (L2) learners make gender errors with possessive pronouns.
In production, these errors are modulated by the gender match between the posses-
sor and possessee noun. We examined whether this so-called match effect extends to
L2 comprehension by attempting to replicate a recent study on gender predictions in
first language (L1) German speakers (Stone, Verissimo, et al., 2021). By comparing
Spanish and English learners of L2 German whose languages have different posses-
sive constraints, we were able to examine whether the match effect was modulated by
the participants” L1. A first experiment suggested that predictions and match effects
were absent in setups with complex visual displays. A second experiment with simpler
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displays successfully elicited predictions and match effects, but their size was compa-
rable in Spanish and English speakers, inconsistent with crosslinguistic influence. We
interpret our results as evidence that processing difficulties with possessives result from
memory interference that impacts both L1 and L2 comprehenders.

Keywords prediction; gender agreement; crosslinguistic influence; sentence process-
ing; visual world eye-tracking; German

Introduction

Possessive pronouns are notoriously hard to learn in a second language (L2).
To date, these difficulties have been mostly demonstrated in spontaneous
and elicited production in which even intermediate-to-advanced L2 English
learners make gender errors, for example, The dad put her little girl on
his shoulder (White, 1996).! Our study addressed whether possessive dif-
ficulties extend to L2 comprehension by using a processing effect recently
found in first language (L1) German speakers (Stone, Verissimo, et al., 2021).
We examined the real-time mechanisms involved in possessive processing
in order to arbitrate between two different explanations of L2 learning dif-
ficulties: Are they due to the misapplication of a L1 grammar? Or do they
result from memory mechanisms that are shared by L1 speakers and L2
learners?

Background Literature

Previous Research on German Possessive Pronouns

German possessive pronouns are interesting for the study of real-time pro-
cessing because they convey two different gender dependencies. Example 1
illustrates that, on the one hand, the stem of the possessive pronoun agrees
in gender with a preceding possessor: sein— for masculine versus ihr— for
feminine possessors (marked in bold in this and following examples). On
the other hand, the suffix attached to the possessive pronoun agrees in gen-
der with a following possessee noun: —en for masculine possessee versus —
e for feminine possessee (marked through underlining in this and following
examples).

Example 1

a. Elise.possessor vergafs bei dem Treffen ihren Computer.possessEg
“Elise forgot her.\jasc. Computer.pasc at the meeting”

b. Dario.possessor vergafs bei dem Treffen seine Brieftasche.possesser
“Dario forgot his.pgy, wallet.ppy at the meeting”
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Due to the simultaneous encoding of possessor and possessee agreement,
German comprehenders can implement at least two cognitive processes upon
encountering a possessive pronoun: They can (a) identify a suitable antecedent
(based on the gender of the pronoun stem) and (b) predict an upcoming noun
(based on the gender of the pronoun suffix). These two agreement relationships
are conceptually and syntactically different: Possessee agreement involves
a within-phrase morphosyntactic dependency while possessor agreement in-
volves a between-phrase dependency with semantic consequences. Thus, one
might expect them to be computed independently.

However, a recent study demonstrated that possessor and possessee agree-
ment interact during real-time processing (Stone, Verissimo, et al., 2021). In
two visual world studies, L1 German speakers looked at visual displays while
hearing instructions like those in Example 2. The instructions contained a pos-
sessive pronoun that marked possessor and possessee agreement, for example,
Click on her.asc button.asc. The sentences varied in whether the posses-
sor and possessee matched in gender. In the match condition, the possessor
and possessee had the same gender, while in the mismatch condition they did
not.

Example 2

a. Match condition (masculine target noun)
Klicke auf seinen blauen Knopf!
“Click on his.pasc blue.vasc button.yasc”
b. Mismatch condition (masculine target noun)
Klicke aufihren blauen Knopf!
“Click on her.\asc blue.yasc button.yasc”

The visual displays featured a button (the target noun, masculine in Ger-
man) and a bottle (a competitor noun, feminine in German). Comprehen-
ders’ looks were used to assess whether the gender of the possessive suf-
fix was used to predict the upcoming noun. The results showed that Ger-
man speakers indeed used the possessive suffix predictively, thus showing a
target-over-competitor looking preference shortly after the onset of the pos-
sessive. However, predictive looks to the target object occurred more quickly
in the match than in the mismatch condition, suggesting gender interfer-
ence from the pronoun stem. In the match condition in which the gender
of the pronoun stem and suffix aligned, this gave comprehenders an ad-
vantage resulting in faster predictions. We refer to this pattern as a match
effect.

Language Learning 73:3, September 2023, pp. 904-941 906

B5UB0 | SUOLIWLIOD BAER1D) (ot dde 8y} Ag peuenob aie sajoie O ‘@SN JO SaIn1 104 AR 17 8UIIUO A8|IM UO (SUORIPUOD-PUB-SLLBILIOD" AB| 1M AR 1 BUIIUO//STNY) SUORIPUOD pUR SWS L 8U) 885 *[6202/20/12] U0 ARiqIauluO A8|IM 9 L AQ 96G2T BUe|/TTTT 0T/10p/W00 Ao 1M AReiq1feul|uo//sdiy woJj papeojumod ‘€ ‘€202 ‘Z266.97T



Lago et al. Possessive Processing in Bilingual Comprehension

Possessive Pronouns in a L2

One might deem the match effect in Stone, Verissimo, et al. (2021) as likely
to extend to L2 comprehenders because possessives often elicit errors in
L2 speech. But in the L2 acquisition literature, possessive errors are typi-
cally attributed to a process different from gender interference: the misuse
of L1 agreement mechanisms (Anton-Méndez, 2011; Lightbown & Spada,
1990; White, 1996). This is because possessive errors are frequently made
by Romance speakers, whose L1 possessives establish forward-looking agree-
ment with a following possessee noun, as shown in Example 3 for Span-
ish (Fabricius-Hansen et al., 2017; Lightbown & Spada, 1990; Mufioz, 1994;
White, 1996, 1998; White & Ranta, 2002; White et al., 2007). Such a for-
ward agreement mechanism is problematic if applied to a L2 like English, in
which possessives establish only agreement with a preceding possessor noun,
as shown in Example 4. Thus, an incorrectly gender-marked possessive as in
The dad put her little girl suggests that Romance speakers establish agreement
with the possessee, the girl, wrongly transferring their L1 agreement mecha-
nisms to English.

Example 3

Nosotros queremos a nuestra hija.possgsseg ¥ @ nuestro hijo.possgsSEE
“We.masc love our.ppy daughter and our.yasc son”

Example 4
Mr. Miiller.possessor loves his daughter and his son

An elicited production study comparing Spanish, Italian, and Dutch pro-
ficient speakers of L2 English (Anton-Méndez, 2011) provided experimental
evidence supporting the misapplication of L1 mechanisms. Spanish and Italian
have possessee agreement whereas Dutch—like English—does not. The re-
sults showed that Romance speakers made more gender errors than did Dutch
speakers: 15% versus 3% on average. Crucially, the errors were susceptible to
a match effect, such that they decreased when the possessor and possessee had
the same gender. For example, there were fewer errors with His father got a
new job when the possessor was male. Italian and Spanish speakers produced
similar amounts of errors, which is informative because, in contrast with Ital-
ian, the third person Spanish possessive su does not overtly mark gender agree-
ment. Thus, the similar behavior of Italian and Spanish speakers suggested that
Spanish, like Italian, has underlying syntactic agreement for third person pos-
sessive pronouns, only that the masculine and feminine possessors are identical

907 Language Learning 73:3, September 2023, pp. 904-941

B5UB0 | SUOLIWLIOD BAER1D) (ot dde 8y} Ag peuenob aie sajoie O ‘@SN JO SaIn1 104 AR 17 8UIIUO A8|IM UO (SUORIPUOD-PUB-SLLBILIOD" AB| 1M AR 1 BUIIUO//STNY) SUORIPUOD pUR SWS L 8U) 885 *[6202/20/12] U0 ARiqIauluO A8|IM 9 L AQ 96G2T BUe|/TTTT 0T/10p/W00 Ao 1M AReiq1feul|uo//sdiy woJj papeojumod ‘€ ‘€202 ‘Z266.97T



Lago et al. Possessive Processing in Bilingual Comprehension

in form (a conclusion further supported by the fact that possessee agreement in
Spanish is still overtly realized with other grammatical features such as number
(e.g., su.sg hijo vs. sus.pp hijos).

In contrast with L2 production, previous studies have repeatedly failed to
find a match effect in L2 comprehension (Lago et al., 2019; Pozzan & Antdn-
Méndez, 2017). For example, Pozzan and Anton-Méndez (2017) tested 3—5-
year-old English-speaking children and adult Mandarin Chinese speakers of L2
English. Both Mandarin speakers and English children produced more posses-
sive errors when the possessor and possessee differed in gender, thus showing
a match effect in production. However, a follow-up visual world experiment
failed to elicit a match effect. Participants had to act out an instruction like
Give the apple to his sister in a display with two adult characters (male and
female), each with a younger male and female sibling. Eye movements were
recorded to examine whether the possessor gender led participants to mistak-
enly predict a gender-matching possessee (e.g., a male sibling) as expected if
they wrongly computed gender between the pronoun and the possessee noun.
However, learners made almost no act-out errors, and the match between the
possessor and possessee did not affect their eye movements in comprehension.

While the absence of a match effect in L2 comprehension was surprising,
Pozzan and Antéon-Méndez (2017) did not include comprehenders whose L1
encoded possessee agreement: Mandarin, in contrast with Romance languages,
does not have possessee agreement. If the match effect is due to the misappli-
cation of L1 mechanisms, then effects in comprehension may be more likely
in speakers of L1s with possessee agreement (the General Discussion explains
why Mandarin speakers may have shown a match effect in production). A later
self-paced reading study that directly compared English and Spanish learners
of German tested this possibility, but this study again failed to find a match ef-
fect (Lago et al., 2019). However, the use of a self-paced reading paradigm pre-
cluded the measurement of gender predictions as Pozzan and Antén-Méndez
(2017) had done. This is because in the self-paced reading paradigm words are
shown one at a time, and thus comprehenders do not know the identity of the
possessee noun when the pronoun is encountered (by contrast, in the visual
world task the possessee noun is pictured on screen, enabling its prediction).

Our study addressed this shortcoming in Lago et al.’s (2019) study by us-
ing a visual world paradigm to elicit gender predictions. We ensured that the
paradigm was appropriate for detecting a match effect by replicating a design
that had successfully elicited such an effect in L1 German speakers (Stone,
Verissimo, et al., 2021). Our study explored whether the match effect extended
to L2 speakers of German. More importantly, we addressed whether the match
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effect was modulated by L1 influence by comparing two groups whose L1
grammars either had or lacked possessee agreement (Spanish vs. English).
This comparison allowed us to gain insight into the source of difficulties with
L2 possessives: Are they due to the misapplication of a native grammar? Or do
they result from mechanisms shared by learners of different languages?

The use of a predictive paradigm additionally allowed us to address
whether having an L1 with grammatical gender promotes the predictive use
of gender in a L2. This has remained an unresolved question in L2 research
(Foucart, 2021). To date, only one published eye-tracking study has directly
compared the gender predictions of Italian (grammatical gender) and English
(no grammatical gender) intermediate-to-advanced learners of Spanish (Dus-
sias et al., 2013). However, the results were inconclusive with regard to L1
influence: Italian speakers showed predictive effects but only in trials with a
feminine target noun. For English speakers, predictive effects depended on L2
proficiency: The most proficient speakers showed predictive effects while less
proficient speakers did not. Our study revisited the role of L1 influence by
comparing Spanish and English speakers of German.

The Present Study

We used the design and materials from Stone, Verissimo, et al.’s (2021) study
with intermediate-to-advanced Spanish and English speakers of German. Our
predictions concerned two empirical effects and their susceptibility to L1 in-
fluence: the match effect and gender predictions. The match effect was relevant
to examining whether the comprehension of possessives involved the misap-
plication of L1 mechanisms. Depending on the type of L1 influence, differ-
ent outcomes might be expected. If Spanish speakers transfer their forward
L1-possessee-agreement mechanism, they should be more likely than English
speakers to wrongly compute agreement between the pronoun stem and the
following noun, resulting in a larger match effect than for English speakers (as
previously found in L2 production).

Alternatively, the lack of gender agreement in the stem of Spanish posses-
sives might allow Spanish speakers to transfer their expectation that only the
possessive suffix—rather than its stem—predicts the gender of the possessee
noun. This is because possessive stems in Spanish only encode the person and
number features of the possessor, for example, nuestrisy.pr-a.rem hija pem ver-
Sus vuestrNp.pL-a.FEM hija ppm versus nuUestr{sT.pL-0-MASC hijo.masc versus
vuestrynp.pL-9-Masc hijomasc. Due to this, Spanish speakers might transfer
their expectation that only the possessive suffix predicts the gender features of
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the possessee, thus being more able to ignore the gender feature of the stem. If
so, they should show a smaller match effect than would English speakers.

Crucially, both previous scenarios predict differences between Spanish and
English speakers. Thus, they could be contrasted with an outcome of a similar
match effect between groups. A similar match effect would be inconsistent
with L1 influence and instead suggest a parsing mechanism for possessives
that is shared across L2 learners.

The second effect of interest concerned gender predictions independent of
the possessor—possessee match. We diagnosed gender predictions by measur-
ing whether Spanish and English comprehenders differed in their ability to
predict the target noun across conditions. Earlier predictions in Spanish versus
English speakers would be consistent with L1 influence, suggesting that gram-
matical categories that are available in a L1 can be deployed more efficiently
in L2 (Kaan & Griiter, 2021). Alternatively, predictions might be comparable
between groups. This would suggest that having a gendered L1 does not, by
itself, confer to learners an advantage using L2 gender predictively. Instead,
predictions might depend more strongly on other variables, such as, for ex-
ample, the congruency between gender systems, or they might be more influ-
enced by individual-level variables such as L2 exposure, lexical access speed,
and working memory (Dekydtspotter & Renaud, 2014; Hopp, 2013; Klassen,
2016; McDonald, 2006).

Experiment 1

We modeled the first experiment after Experiment 1 in Stone, Verissimo, et al.’s
(2021) study. L1 English and Spanish speakers heard auditory instructions like
in Example 2 while looking at displays with four objects (see Figure 1A). The
auditory instruction contained a possessive pronoun, a color adjective, and a
noun indicating the target object. The target object matched the gender and
color features in the instruction. The other objects matched only the color
(color competitor), only the gender (gender competitor), or neither (distrac-
tor). The possessive indicated the gender of the target noun while the adjective
indicated both its gender and color. The function of the adjective was to give
listeners more time to process the gender features in the possessive. Given
the differently colored objects on screen, the target object only became fully
predictable at the adjective, which was the critical window for analysis. The
crucial comparison was between the target and color competitor (henceforth,
competitor): Because both objects matched the color of the adjective but only
the target had the appropriate gender, any target-over-competitor advantage
should have indexed the predictive use of gender information.
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® VRS

1000 ms preview MATCH: | Klicke auf 'seinen 'blauen ' Knopf
. MISMATCH: ' Klicke auf ihren blauen Knopf

die Blume (f) der Knopf (m)
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Figure 1 (A) Sample experimental trial in Experiment 1. (B) Percentage of fixations
averaged across participants and items in Experiment 1. Horizontal lines show mean
fixation percentages with 95% bootstrapped confidence intervals. Vertical lines show
the onsets of the possessive, adjective, and target noun in the auditory instruction. Fix-
ation curves start below 25% (chance level due to the four on-screen objects) because
looks to whitespace are also plotted (dotted grey lines).
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Table 1 Profiles of the English and Spanish participants in Experiments 1 and 2

Experiment 1 Experiment 2
Variables L1 English L1 Spanish L1 English L1 Spanish
Age of German acquisition (years)? 19 (10-31)  21(5-34) 19 (10-32) 22 (5-44)
Goethe test score (out of 30)P° 21 (4) 21(5) - -
Self-rated German proficiency (%)P 72 (7) 73 (7) 73 (6) 74 (6)
Untimed possessive test accuracy (%)° 95 (7) 93 (9) 94 (8) 96 (7)

Note. Although some participants had an early age of exposure to German (e.g.,
5—6 years), they were considered L2 learners because their exposure to German al-
ways occurred outside the home (e.g., in school) and because they self-identified as L2
speakers of German (for discussion, see Abrahamsson & Hyltenstam, 2009). *Mean
age (age range). "Mean score (standard deviation). “Not applicable to Experiment 2.

To measure predictive effects, we evaluated both the size of the target-over-
competitor advantage (time-window analysis) as well as the onset of this effect
(onset analysis). The use of onset analyses allowed us to examine not only
whether the participants were more likely to look at one object than the other
but also when this preference emerged, enabling inferences about the onset of
predictions (Stone, Lago, & Schad, 2021; Stone, Verissimo, et al., 2021).

Method

Participants

Fifty-five L1 English speakers and 53 L1 Spanish speakers participated in
Experiment 1. We matched the two groups in their age of acquisition and self-
rated proficiency in German (see Table 1). We excluded data from participants
who reported language impairments or exposure to languages other than their
L1 at home during childhood. We also excluded participants if they had not
rated themselves as having at least an intermediate level of German or if they
had not achieved at least 70% accuracy in an untimed test probing for knowl-
edge of German possessive pronouns (see Materials section). These two exclu-
sion criteria ensured that our participants were intermediate-to-advanced Ger-
man learners and that they had successfully acquired the grammatical construc-
tion under study. We entered 94 participants into the analysis: 47 L1 English
speakers (M,g. = 32 years, 28 female, 41 right-handed) and 47 L1 Spanish
speakers (Mg, = 31 years, 32 female, 44 right-handed). An ethics committee
at the University of Potsdam approved this and the following experiments.

Materials
We took the materials from the first experiment reported by Stone, Verissimo,

et al. (2021). They consisted of 24 experimental items and 24 fillers. We
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controlled the 24 target nouns for their cognate status and gender congruency
across languages. Specifically, all target nouns had the same gender in Spanish
and German. Further, if the target nouns had cognates across languages (nine
nouns), we ensured that the cognates were present in both Spanish and English.
For example, Batterie in German, corresponding to battery in English and
bateria in Spanish. We spliced the auditory instructions such that the onsets
of the possessive pronoun, adjective, and noun occurred at the same time
across trials. A full list of materials with their identifiability ratings and gender
distributions, together with the data and analysis code for all experiments,
is publicly available online on IRIS (Lago et al., 2022a, 2022b, 2022c) and
the OSF (https://osf.io/tognv). We used the 24 fillers to disguise that the
purpose of the experiment was to study gender predictions. In the fillers, the
participants could predict the target object based on the color of the adjective
in the absence of a gender manipulation. We distributed experimental and
filler trials into three lists’presented in a Latin square design such that each
participant saw eight items per condition. We randomized the presentation
order on a by-participant basis.

To ensure that a target-over-competitor advantage reflected the predictive
use of gender rather than differences in visual saliency between objects, we
made each object appear in the four roles across trials. For example, the color
competitor in Example 2, the bottle, was the target object in another trial shown
in Example 5 and the distractor and gender competitor in other trials. Across
the experiment, half of the target nouns were masculine and half were feminine.
For half of the trials, the possessive sein was used in the match condition and
ihr in the mismatch condition. For the other half, the reverse was true. This
was done to avoid a potential effect of referential ambiguity as the German
possessive i4r can mean both Aer and their. The participants were told that the
pronouns always referred to either a male or female character and the practice
session was used to monitor that the participants resolved coreference as in-
tended. We counterbalanced the position and color of the objects across trials.

Example 5

a. Match condition (feminine target noun)
Klicke aufihre gelbe Flasche!
“Click on her.FEM yellow.FEM bottle.FEM”
b. Mismatch condition (feminine target noun)
Klicke auf seine gelbe Flasche!
“Click on hiS.FEM yellow.FEM bOtth.FEM”
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Procedure

The participants sat in front of a 21-inch computer monitor with a screen res-
olution of 1920 x 1080 pixels. Each object image was 300 x 300 pixels, such
that the four images covered approximately 17% of the screen. The eye-to-
screen distance was approximately 96 cm. Only the right eye was recorded at a
sampling rate of 1000 Hz by an EyeLink1000 Plus eye tracker (SR Research,
2021). An adjustable chin and forehead rest served to minimize head move-
ment during the experiment. At the beginning of the experiment, the partici-
pants were introduced to two characters, Martin and Sarah, whose faces were
displayed on screen. The participants were asked to help Martin and Sarah
find their belongings to tidy up their messy house before their parents arrived.
They were told that they would see four objects while hearing an instruction
and that they should click on the object mentioned in the instruction as quickly
and accurately as possible. Each trial was followed by a question asking about
the owner of the object (possessor identification task). This ensured that the
participants resolved the coreferential relationship between the possessive and
its antecedent (see Figure 1A). The results of this task were not of theoreti-
cal interest; thus, we have presented them in Appendix S2 in the Supporting
Information online.

At the beginning of the session, the participants completed an object nam-
ing test with the nouns that would later appear in the experimental and filler
trials. They were asked to name grey-colored objects using a determiner +
noun sequence, for example, der Knopf. We conducted the naming task be-
fore the eye-tracking task to ensure that the participants’ gender assignment
reflected their own lexical knowledge rather than any learning effects from
the eye-tracking task. If the participants provided the wrong gender or noun,
the trial featuring that noun as a target object was excluded from analysis.
This was done on the basis of previous research on gender predictions that
has underscored the importance of dissociating gender assignment from gen-
der agreement (Hopp, 2013; Hopp & Lemmerth, 2018). A stricter exclusion
criterion would have been to also remove trials in which the wrong gender
was provided for either the target or the competitor noun. However, because
our design required each object to appear both as a target and a competitor
across trials, using the stricter criterion would have doubled the proportion
of excluded trials—to more than half of the data in Experiment 2. Therefore,
we chose the more lenient exclusion criterion to maximize statistical power.
Finally, we did not conduct a naming session in Spanish to measure the lex-
ical entries activated by Spanish speakers. Thus, we could not rule out the
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possibility that between-group differences were affected by lexical issues. This
is a limitation of our study.

After the eye-tracking session, we measured the participants’ German pro-
ficiency via self-ratings and the Goethe Institute Placement Test (Goethe Insti-
tute, 2010). Self-ratings were collected by asking the participants to self-rate
their proficiency on a scale from 1 (“least proficient”) to 10 (“most proficient”).
The range of scores in the Goethe test placed both participant groups between
the B1 and CI levels of the Common European Framework of Reference for
Languages, which corresponds to an intermediate-to-advanced level. The self-
ratings averaged across the four skills were significantly correlated with the
Goethe scores (r = .56, p < .05). We also used an untimed task to determine
that the participants knew the grammatical constraints associated with German
possessive pronouns (see Appendix S1 in the Supporting Information online).
A testing session lasted approximately 40 min.

Data Analysis

We preprocessed the raw data in DataViewer (SR Research, 2021), downsam-
pled them to 50 Hz and exported them to the statistical software R (R Devel-
opment Core Team, 2022). We excluded trials if they contained only blinks
(events of pupil loss) or saccades (events with reduced visual information up-
take). In the critical time window, this resulted in the exclusion of one trial in
the L1 Spanish group. We also excluded trials if the participants clicked on the
wrong object in the trial (L1 English: 0.27%; L1 Spanish: 0.67%) or if they
did not provide the correct gender or label of the target noun in the naming test
(L1 English: 22.66%; L1 Spanish: 24.58%). We performed two analyses on
the preprocessed eye-tracking data: for the critical time window and for onset
times.

Critical Time Window

The critical time window extended from the onset of the adjective to 200
ms after the onset of the noun to account for the time taken to program and
launch eye movements (Hallett, 1986; Salverda et al., 2014). We compared
fixations between the target and color competitor, for example, “blue but-
ton” versus “blue bottle.” We operationalized the predictive effect as the
target-over-competitor advantage in the critical time window.

We fit Bayesian generalized linear mixed-effects models with a logit link
function to fixations within the critical time window using the package brms
(Biirkner, 2017). Bayesian models are valuable because they combine prior
information with evidence from the data in order to obtain a probability
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distribution over the plausible values of a parameter—the parameter’s poste-
rior distribution. Thus, an experimental effect can be quantified in terms of
the likelihood of its possible values. This is more informative than a binary
statement about whether the effect is significant because it puts the focus on
determining an effect size and direction along with its uncertainty (Cumming,
2014; Kruschke & Liddell, 2018).

We coded fixations to the target and color competitor as 1 and 0, respec-
tively. The model estimated (a) the target-over-competitor advantage (i.e., a
predictive effect, intercept term), (b) the difference in the predictive effect be-
tween groups (L1 main effect), (¢) the difference in the predictive effect be-
tween conditions (main effect of condition); and (d) the difference in the effect
of the match/mismatch manipulation between groups (L1 x Condition inter-
action). We sum contrast coded the predictors condition and L1 to reflect our
hypothesis that predictions would increase in the match versus mismatch con-
dition and in the Spanish versus English group: match 0.5/mismatch —0.5,
Spanish 0.5/English —0.5. Although the groups had comparable proficiencies,
we controlled for any between-participant differences by adding the scaled and
centered proficiency self-ratings as a further predictor (main effect of profi-
ciency). Each model had a maximal random effects structure by participants
and items.

We used weakly informative priors that constrained the models to psy-
cholinguistically plausible parameter estimates, but that ensured that the priors
would not outweigh the evidence provided by the data (Gelman, 2020; Gelman
et al., 2008). The prior for the probability of predicting the target across con-
ditions followed a normal distribution of N(0, 1) on the log odds scale. This
indicated that the proportion of fixations to the target would fall with 95% prior
probability between 12% and 88%. We used the same prior for all remaining
predictors including random effects.

Bayes factors (BF) were used to quantify evidence for the effects (a—d)
mentioned above. For each question, the null hypothesis (Hy) was that there
was no difference between groups or conditions, and the alternative hypothesis
(H,) was that there was a difference. We computed Bayes factors using bridge
sampling (Bennett, 1976; Gronau et al., 2017; Meng & Wong, 1996). This pro-
vided the ratio of the marginal likelihoods of H; and Hy. A BF of 1 suggests
equivalent evidence for either hypothesis. In line with Lee and Wagenmakers’s
scale (2013)—adapted from Jeffreys’s (1961) study—a BF( above 1 indicates
evidence for H;: Values between 1 and 3 are considered inconclusive, values
between 3 and 10 provide moderate, and values over 10 suggest strong evi-
dence. Conversely, a BF( below 1 indicates evidence for Hy: Values between
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1 and 0.3 and are considered inconclusive, between 0.3 and 0.1 provide moder-
ate, and below 0.1 suggest strong evidence. These categories are only a guide
because Bayes factors should be interpreted in a continuous fashion. Readers
interested in a frequentist analysis of the time-window data and the onset times
(see below) can find them in Appendix S3 in the Supporting Information on-
line. The results of the frequentist analysis were consistent with the Bayesian
analyses.

Onset Times

This analysis established the onset of predictive effects, focusing on two ques-
tions: first, whether the onset times of the two groups differed with regard
to predictive and/or match effects (see section Group Results), and second,
whether there was an onset difference between the match and mismatch condi-
tions within each L1 group (see section L1 English and L1 Spanish Results).

To calculate the onset of an effect and its temporal variability, we followed
the Bayesian bootstrapping approach described in detail in Stone, Verissimo,
et al. (2021). Our priors about the onset of the predictive effect for the match
versus mismatch onsets within each L1 group considered that an onset could
only arise in the 700 ms time window between the onsets of the adjective and
noun (adding 200 ms for saccade planning). For the onset of predictions in
each condition, we specified a normal distribution with a 95% probability of
the onset being between 200 and 900 ms: N(550, 175). We derived all pri-
ors for the effects between conditions and groups from these priors: The prior
for the match—mismatch difference was a normal difference distribution of the
individual condition priors: N(0, 247). For the onset of predictions in each
L1 group, our prior was the mean of their individual match and mismatch
priors: N(550, 124). The prior for the English—Spanish group difference was
a normal difference distribution of the L1 group priors: N(0, 175). Finally,
the prior for the match effect difference between the speaker groups was a
normal distribution computed from the normal difference distributions of the
match and mismatch priors within each group (i.e., a difference of differences):
N(0, 350).

We approximated a likelihood function using onset time data generated
by a bootstrap procedure (Stone, Lago, et al., 2021). The bootstrap involved
a generalized linear model comparing fixations to the target versus competi-
tor in each timebin. The predictors were condition and L1, and a (scaled and
centered) nuisance predictor for self-rated proficiency. The posteriors for the
match/mismatch conditions within each L1 group were the Gaussian prod-
uct of the respective prior and likelihood distributions (Smith, 2011). The
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posteriors for the mean onset of predictive fixations across conditions for each
L1 group were the mean of their respective match and mismatch posterior dis-
tributions. To quantify the degree of evidence for differences in onset times
between groups and conditions (questions a—d), we computed Bayes factors
via the Savage-Dickey method (Dickey & Lientz, 1970). Since Bayes factors
are sensitive to the choice of prior, we also conducted sensitivity analyses to ex-
amine how different priors may have changed our conclusions. We conducted
sensitivity analyses for all comparisons relevant to L1 influence.

Results

We report two sets of results. The main results concern onset times, which were
previously shown to be affected by match effects in L1 speakers. However, we
also report an analysis on the proportion of fixations to the target versus color
competitor during the critical window as this analysis is often used for visual
world data (Barr, 2008). The critical window spanned from the onset of the
adjective until the onset of the noun—extended 200 ms to account for saccade
planning. For each predictor of interest, we report a posterior distribution that
reflects the probability of different effect sizes given the statistical model and
the data. We summarize each posterior with its mean (M) and 95% credible
interval (Crl). The latter represents the interval in which the true mean is esti-
mated to lie with 95% probability.

Critical Time Window

The two groups fixated on the target and color competitor similarly during
the adjective time window (see Figure 1B) and there was moderate evidence
against predictive, proficiency, or L1 main effects. All other effects were in-
conclusive (see Table 2).

Onset Times: Group Results
First, we addressed whether L2 learners showed a target-over-competitor ad-
vantage prior to the onset of the target noun, that is, a predictive effect. The
posterior onset estimates across conditions were inconclusive in both groups
because the 95% credible intervals spanned onsets both before and after the
onset of the target noun (shifted 200 ms): M = 896 ms, 95% CrI [835, 958] in
English speakers; M = 919 ms, 95% CrI [874, 963] in Spanish speakers (see
Figure 2A).

Second, we compared the two speaker groups directly to address whether
they differed in the onset of the target-over-competitor advantage averaged
across conditions. The estimate of the between-group onset mean difference
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Figure 2 Onset time results in Experiment 1. (A) Estimated onset of the target-over-
competitor advantage (the predictive effect) in each speaker group shown as a posterior
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Table 2 Results of the critical time window analysis in Experiments 1 and 2

Experiment 1 Experiment 2
Effect M [95% CrI] BFj M [95% Crl] BFj
Predictive effect 0.07[-0.27,0.41] 0.19 0.39[0.26, 0.53] >5x 10°
(intercept)
Proficiency 0.03[-0.19,0.24] 0.11 0.08 [0.00, 0.16] 0.33
L1 —0.02[-0.47,0.44] 024 —0.15[-0.38, 0.08] 0.28
Condition 0.19[-0.27,0.67] 0.40 0.11 [-0.05, 0.27] 0.16
L1 x Condition 0.34[—0.53,1.18] 0.72 —0.04 [—0.34, 0.25] 0.16
Gender — — 0.13[—0.08, 0.34] 0.21
congruency?®
L1 x — — —0.04[-0.39,0.31] 0.13
Congruency®
Condition x — — 0.12 [—0.19, 0.44] 0.19
Congruency®
L1 x Condition — —  —0.05[—-0.64, 0.53] 0.32

x Congruency®

Note. Model estimates and 95% credible intervals (Crls) are expressed in log odds. On
the log odds scale, a value of 0 corresponds to chance level, with positive log odds
indicating an advantage of the target over the competitor object. Bayes factors (BF)
lower than 0.3 indicate evidence for the null hypothesis while Bayes factors above 3
indicate evidence for the alternative hypothesis. *Not applicable to Experiment 1.

was 22 ms, 95% Crl [—53, 98], and a Bayes factor of 0.26 indicated moderate
evidence against a difference. The sensitivity analysis indicated moderate ev-
idence for smaller effect sizes and increasingly strong evidence against larger
effect sizes (see Figure 2B).

Finally, we addressed whether the Spanish and English groups differed in
their match versus mismatch onset means (the magnitude of the match effect
in each group is reported in the following sections). The posterior estimate of
the mean difference in the match effect was —31 ms, 95% Crl [—183, 121],
and a Bayes factor of 0.24 indicated moderate evidence against a group differ-
ence. The sensitivity analysis was inconclusive about smaller effect sizes but
indicated strong evidence against larger effect sizes (see Figure 2C). Overall,
these results did not support a predictive use of L2 gender and argued against
between-group differences, either in the onset of the target-over-competitor
advantage or in the size of the match effect.
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Figure 3 Onset time results in the English group in Experiment 1. Left panel: estimated
onset of the target-over-competitor advantage by condition. Right panel: The estimated
onset difference between the match and mismatch conditions was inconclusive.

Onset Times: L1 English Results

The onset of the target-over-competitor advantage had a mean of 863 ms, 95%
Crl [752, 973], in the match condition and a mean of 930 ms, 95% CrI [876,
983], in the mismatch condition (see Figure 3). The mean difference between
conditions was consistent with an earlier onset in the match condition, Mdiff
= 67 ms, 95% Crl [—56, 190]. However, the effect was inconclusive, with its
95% credible interval spanning positive and negative effect sizes.

Onset Times: L1 Spanish Results

The onset of the target-over-competitor advantage had a mean of 901 ms, 95%
Crl [826, 976], in the match condition and a mean of 936 ms, 95% CrI [888,
984], in the mismatch condition (see Figure 4). The mean difference between
conditions was consistent with an earlier onset in the match condition, Mdiff
= 36 ms, 95% Crl [—53, 125]. However, the effect was inconclusive, with its
95% credible interval spanning positive and negative effect sizes.
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Figure 4 Onset time results in the Spanish group in Experiment 1. Left panel: estimated
onset of the target-over-competitor advantage by condition. Right panel: The estimated
onset difference between the match and mismatch conditions was inconclusive.

Exploratory Analyses

The main analyses of Experiment 1 included only trials with correct gender
assignment in the naming test. However, a previous study by Hopp (2013) had
shown that gender predictions may occur only in L2 speakers with a robust
knowledge of gender across the whole set of nouns tested. Specifically, Hopp
had found that participants with 5% or fewer errors in a naming test showed
predictive effects but participants with 10% or more errors did not, even when
he analyzed only the trials for which his participants had assigned the correct
gender. To address whether a predictive effect emerged for our participants
with robust gender knowledge, we reran our analyses considering only those
participants who had made 5% or fewer errors in the naming test (n = 10,
all learners with 100% naming accuracy). Consistent with Hopp’s (2013) find-
ings, the time-window analysis showed a predictive effect, with a target-over-
competitor advantage during the adjective time-window. However, it was not
possible for us to conduct an onset analysis to test the existence of a match
effect because the model within the bootstrapping procedure failed to estimate
an onset due to insufficient variability in the data. This was likely due to the
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limited number of learners (see Appendix S4 in the Supporting Information
online).

Discussion
Experiment 1 compared English and Spanish speakers of German in their
ability to predictively use gender-marked possessive pronouns. We examined
whether we could replicate in L2 learners the match effect previously found
in German L1 speakers (Stone, Verissimo, et al., 2021). The between-group
comparison allowed us to address two questions about L1 influence in L2 pro-
cessing. First, we asked whether Spanish speakers would be better than En-
glish speakers at using gender predictively—consistent with an advantage due
to their L1 having grammatical gender. Second, we examined whether Spanish
speakers would be more sensitive than English speakers to the gender match
between the possessive stem and suffix—consistent with the misapplication
of L1 agreement procedures. The results, however, prevented us from answer-
ing these questions because we could not elicit gender predictions in either
group. The time-window analysis did not show a target-over-competitor fixa-
tion preference in the critical time window. The onset analysis showed that the
target-over-competitor preference arose only after the onset of the target noun.
Given the intermediate-to-advanced proficiency of our participants, it
seems implausible that they could not use gender predictively. The absence
of predictions was unlikely to have resulted from the participants’ incomplete
knowledge of the gender of the target words or of German possessives: We an-
alyzed only trials in which the target objects (and their gender) had been named
correctly and in which the participants had demonstrated accurate knowledge
of German possessive pronouns in an offline task. Among the remaining vari-
ables that could explain the lack of predictions, one concerned our experimen-
tal design. We quantified predictive effects as a target-over-competitor looking
preference, but previous studies have usually computed predictions as a differ-
ence in looks to a target object in a linguistically restricted versus nonrestricted
contexts (the same/different paradigm; e.g., Griiter et al., 2012; Hopp, 2013).
A second possibility was that the absence of gender predictions was due
to the specific setup of our visual world task. Two variables may have played
a role. The first variable concerned the complexity of the visual displays that
required the participants to recall the gender of four different nouns. This setup
may have taxed their memory and reduced the resources available for predictive
processing. In this regard, our study differed from some previous L2 studies on
prediction that have featured simpler two-object displays (Dussias et al., 2013;
Griiter et al., 2012; Lew-Williams & Fernald, 2010). While there have been
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previous studies with four-object displays, these involved the use of a single
gender feature (e.g., a gender-marked determiner; Hopp & Lemmerth, 2018).
In our study, the two different gender features of the possessive in combination
with the grammatical gender of four different nouns may have made the task
very demanding for L2 learners. A second variable was that the participants
needed to use both gender and color features to predict the target nouns. Due
to the visual nature of the task, the participants may have prioritized color
over gender features. This tendency has been well documented in L1 speakers
(Coco & Keller, 2015; Kukona et al., 2014). In L2 learners, the strategy may
be even more prevalent because their gender representations may be less stable
than are those of L1 speakers, thus causing them to rely more on visual than
morphological cues.

To address these concerns, we conducted a follow-up experiment with a
simplified experimental design. We modified our setup by presenting only two
objects on the screen and by having both objects match in color but differ in
gender. We speculated that a reduced number of objects on screen would be
less taxing for the participants and free up resources for predictive processing.
In addition, a two-object display would circumvent the need to integrate gender
and color cues as only gender information was necessary to predict the target
object.

Experiment 2

Experiment 2 addressed the same questions as did Experiment 1 but with a
simplified two-object display in which only the target and color competitor
were displayed on screen (see Figure 5A). Both objects had the same color
but only the target matched the gender in the instructions. The color adjective
was present to give the participants more time to process the gender cues of
the possessive. The critical comparison was between fixations to the target ver-
sus the competitor, with a target-over-competitor advantage prior to the target
noun reflecting the predictive use of gender information. The critical questions
were whether this predictive effect would differ between groups and whether
it would be modulated by the gender match between the possessive stem and
suffix as a function of participants’ L1.

We took the items for Experiment 2 from the second experiment reported
by Stone, Verissimo, et al. (2021). This experiment featured a larger number of
experimental items; this allowed us to increase the number of trials in order to
get more precise onset estimates. However, a potential disadvantage was that
18 of the new items included nouns that differed in gender between Spanish
and German (e.g., the word “cage” is masculine in German, der Kdfig, but
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feminine in Spanish, /a jaula). These trials could give rise to a crosslinguistic
gender congruency effect: a delayed processing of L2 nouns when their L1
translations are of different genders in comparison to those with same gender
(e.g., Costaetal., 2003). We again collected information about the participants’
German proficiency after the eye-tracking session. In Experiment 2, however,
the participants’ proficiency was determined only through their self-ratings.
We also administered the untimed test of knowledge of possessive constraints
(see Appendix S1 in the Supporting Information online) that we had used in
Experiment 1.

Method

Participants

Sixty-three L1 Spanish speakers and 69 L1 English speakers participated in
Experiment 2. We excluded data from participants who reported language
impairments or exposure to languages other than their L1 at home during
childhood. As in Experiment 1, participants were also excluded if they had not
rated themselves as having at least an intermediate level of German and if they
had not achieved at least 70% accuracy in the untimed test on their knowledge
of possessives. These two exclusion criteria ensured that the participants
were intermediate-to-advanced German learners and that they had acquired
the grammatical construction under study. This left 117 participants for the
analysis (see Table 1): 63 L1 English speakers (Mg, = 30 years, 37 female, 2
nonbinary, 56 right-handed) and 54 L1 Spanish speakers (M, = 34 years, 43
female, 1 nonbinary, 53 right-handed).

Materials, Procedure, and Data Analysis
To increase the number of items, we added 72 new nouns to those used in
Experiment 1. Of these, 60% had the same gender in German and Spanish, and
25% had a different gender. For the remaining 15%, gender congruency could
not be unequivocally determined due to the availability of different Spanish
terms for the same object; for example, the Spanish word for stamp can be
either sello (masculine) or estampilla (feminine). The gender congruency of
trials with these nouns was coded as NA (not applicable). The final materials
consisted of 96 experimental items featuring two objects with the same color,
resulting in 48 trials per condition. The onset of the target noun in the auditory
instruction was 100 ms later than onset had been in Experiment 1.

The testing procedure was similar to that of Experiment 1, except that we
used 18 filler trials featuring two objects with the same gender but different
colors. We presented the fillers in a block after the experimental trials in order
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to remove the need for the participants to attend to color information during
the experimental block. We used the fillers to check that the participants were
able to generate predictions when they did not involve grammatical gender.
Finally, we removed the “I don’t know” option in the possessor identification
task; participants had seldom used it in Experiment 1. Each object image was
300 x 300 pixels, such that the two images covered approximately 9% of the
screen. The experimental session lasted approximately 1.5 hours.

For the analysis of the eye-tracking data, we excluded trials if they
contained only blinks or saccades in the critical time window (there were
none), if participants clicked on the wrong object in the trial (L1 English:
0.78%; L1 Spanish: 0.48%), or if the participants did not provide the correct
gender or label of the target noun in the naming test (L1 English: 34.82%; L1
Spanish: 31.45%). In the time window analysis, the critical window ranged
from possessive to noun onset, adding 200 ms for saccade planning. The
critical window started at the possessive because the target object was already
predictable at the possessive offset (in contrast with Experiment 1) and we
were interested in the match/mismatch effect indexed by the possessive stem.
We used the same weakly informative, regularizing priors as we had used for
Experiment 1. The fixed effects in the model were the same as in Experiment
1, except that we added the sum contrast coded variable gender congruency
to the analysis, together with its interaction with L1 and condition (congruent
0.5, incongruent —0.5). The onset analysis was also as in Experiment 1, except
that we adjusted the priors to reflect the longer critical window. The results
of the frequentist analyses (see Appendix S3 in the Supporting Information
online) were consistent with those of the Bayesian analyses except that the
main effect of proficiency in the critical time window—inconclusive in the
Bayesian analyses—reached significance in the frequentist analysis. Since the
Bayesian analysis was the planned method and the more conservative one, we
considered the effect of proficiency to be inconclusive.

Results

Critical Time Window

In contrast with Experiment 1, there was a clear target-over-competitor advan-
tage in the critical time-window, with strong evidence of a predictive effect
(see Table 2 and Figure 5B). There was moderate evidence against main ef-
fects or interactions of proficiency, L1, or condition. There was also moderate
evidence against any effect of gender congruency, suggesting that it did not
influence fixation probability.
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Onset Times: Group Results

L2 learners showed a clear target-over-competitor advantage, that is, a predic-
tive effect, shortly after the possessive, M = 724 ms, 95% Crl [684, 763], in
English speakers; M = 798 ms, 95% Crl [732, 864], in Spanish speakers (see
Figure 6A and also Appendix S5 in the Supporting Information online). The
estimate of the between-group mean difference in the predictive effect was 75
ms, 95% Crl [—2, 152], and a Bayes factor of 0.60 indicated inconclusive ev-
idence against a difference (see Figure 6B). The sensitivity analysis indicated
strong evidence for smaller effect sizes but was inconclusive about larger effect
sizes.

The posterior estimate of the between-group mean difference in the match
effect was 89 ms, 95% Crl [—65, 243], and a Bayes factor of 0.19 indicated
moderate evidence against a difference (Figure 6C). The sensitivity analysis
was inconclusive about smaller effect sizes but indicated increasingly strong
evidence against larger effect sizes. Overall, these results supported a predic-
tive use of L2 gender, but they argued against between-group differences either
in the onset of the predictive or match effects.

Onset Times: L1 English Results

The onset of the target-over-competitor advantage had a mean of 652 ms, 95%
Crl [584, 721], in the match condition and a mean of 795 ms, 95% Crl [754,
835], in the mismatch condition (see Figure 7). The mean difference between
conditions supported an earlier onset in the match condition, Mdiff = 142 ms,
95% Crl [63, 222]. A Bayes factor of 33 provided strong evidence of a match
effect.

Onset Times: L1 Spanish Results

The onset of the target-over-competitor advantage had a mean of 683 ms, 95%
Crl [574, 791], in the match condition and a mean of 914 ms, 95% CrI [839,
989], in the mismatch condition (see Figure 8). The mean difference between
conditions supported an earlier onset in the match condition, Mdiff = 231 ms,
95% Crl [99, 363]. A Bayes factor of 43 provided strong evidence of a match
effect.

Exploratory Analyses

A concern with the onset results was that 25% of the target nouns differed in
gender between Spanish and German. If these nouns created processing diffi-
culties for Spanish speakers, this effect could have interacted with predictive
and match effects, obscuring any potential advantage of the Spanish group over
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Figure 6 Onset time results in Experiment 2. (A) Estimated onset of the target-over-
competitor advantage (the predictive effect) in each speaker group shown as a pos-
terior mean and a 95% Bayesian credible interval. (B) Difference in the onset of the
target-over competitor advantage between groups (left panel) and Bayes factor sensitiv-
ity analyses (right panel). (C) Difference in the onset of the match effect between groups
(left) and Bayes factors sensitivity analyses (right). Priors used in the main analysis are
shown with blue triangles. The analyses showed evidence of L2 gender predictions and
match effects but not of between-group differences.
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Figure 7 Onset time results in the English group in Experiment 2. Left panel: estimated
onset of the target-over-competitor advantage by condition. Right panel: Estimated on-
set difference between the match and mismatch conditions. The estimate of the match
effect supported an earlier onset in the match condition.

the English group. To address this concern, we performed a new analysis with
only gender-congruent nouns, and we recomputed all between-group compar-
isons. These results were consistent with those of the main analyses. First, the
estimate of the between-group mean difference in the predictive effect was 90
ms, 95% Crl [23, 157], and a Bayes factor of 2.72 indicated inconclusive evi-
dence against a difference—the estimate suggested numerically earlier predic-
tions in the English group, consistent with the tendency in the main analyses.
Second, the posterior estimate of the between-group mean difference in the
match effect was 20 ms, 95% Crl [—114, 154], and a Bayes factor of 0.08
indicated strong evidence against a difference.

Discussion

Experiment 2 used a simpler two-object display and a larger number of items to
increase the likelihood of L2 predictions. All analyses found predictive effects
in both groups. Further, the onset analyses revealed a match effect: Spanish
and English speakers started predicting the target object earlier in the match
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Figure 8 Onset time results in the Spanish group in Experiment 2. Left panel: estimated
onset of the target-over-competitor advantage by condition. Right panel: Estimated on-
set difference between the match and mismatch conditions. The estimate of the match
effect supported an earlier onset in the match condition.

condition, suggesting that the gender of the antecedent of the possessive in-
terfered with their predictive mechanisms. Finally, the between-group compar-
isons showed that predictive and match effects were not stronger in the Spanish
group than in the English group. These patterns persisted only when we ana-
lyzed gender congruent nouns to rule out a congruency effect.

General Discussion

Experiments 1 and 2 examined whether L2 speakers of German use the gender
marking of possessive pronouns predictively and whether these predictions
are modulated by the gender-match between the antecedent of the possessive
and the target noun. Experiment 1 failed to elicit gender predictions, which
prevented us from addressing whether they were modulated by a match effect.
Experiment 2 used a simpler two-object display and more items and found
strong evidence of predictive and match effects. These results with possessive
pronouns extend previous findings with determiners and adjectives (Brouwer
et al., 2017; Dahan et al., 2000; Dussias et al., 2013; Hopp, 2012, 2015; Hopp

931 Language Learning 73:3, September 2023, pp. 904-941

5201 SUOLULIOD BANER1D 3|ed! dde ) Aq peusenob aie sejolie VO 1esn JO s8N 0} AFiq 1 8UIIUO A8IA UO (SUORIPUOO-PUB-SULIBYULI0Y A3 1M ATeid U |UO//SHHY) SUORIPUOD PUe SIS L 3U3 885 *[5202/20/2] U0 ARIqIauiiuo ABIIM ‘8L Ad 9552T BUeI/TTTT OT/10p/W00 | 1 AReq1foul[Uo//SARY WOJ} pepeojumoq '€ ‘€202 ‘Z266.9vT



Lago et al. Possessive Processing in Bilingual Comprehension

& Lemmerth, 2018; Lew-Williams & Fernald, 2010). The results also show
that the match between the possessive antecedent and the target noun shifts
the onset of predictions in comprehension, thus conceptually replicating the
match effect found in L1 German speakers (Stone, Verissimo, et al., 2021).
Finally, L1 influence did not modulate predictive or match effects. We discuss
these two results separately.

Match Effects in Comprehension
In contrast with production studies on L2 possessives (Anton-Méndez, 2011;
Pozzan & Anton-Méndez, 2017), previous comprehension studies had failed
to find match effects (Lago et al., 2019; Pozzan & Antén-Méndez, 2017). Ex-
periment 2 showed that L2 predictions are affected by a match effect but that
this effect cannot be attributed to the misapplication of L1 agreement mecha-
nisms. If so, the effect would have been weaker or absent in English speakers,
who do not have forward possessive agreement. At first glance, our findings
seem consistent with the explanation proposed by Pozzan and Anton-Méndez
(2017), who suggested that difficulties with L2 possessives are due to a uni-
versal preference to establish agreement locally within the noun phrase. This
bias was proposed as specific to production because this modality encourages
the joint planning of the pronoun and possessee as a phrasal unit, thus pro-
moting local agreement computations. We find a local bias account problem-
atic for two reasons: first, because it states that the match effect should be
restricted to production—contrary to what we found—and second, because the
local bias was described as a default preference of language learners, which
seems at odds with the finding that it affects adult speakers of L1 German—
speakers who are not in the process of acquiring German (Stone, Verissimo,
etal., 2021).3

As an alternative explanation, we attribute the match effect to memory in-
terference caused by the retrieval of the possessive antecedent. This explana-
tion has been advanced for L1 speakers as a computational model within the
cue-based retrieval theory (Patil & Lago, 2021). We propose that the same
memory-based mechanisms operate in L2 speakers and thus that the match ef-
fect should be seen as resulting from processing limitations in working mem-
ory rather than a learning bias. Specifically, when comprehenders encounter a
possessive, they first try to retrieve an antecedent using features in its stem as
memory search cues (e.g., masculine). Because previously encountered entities
are searched in parallel, they consider both nonlocal referents (e.g., Martin and
Sarah) and local ones (e.g., the button and the bottle). Due to similarity-based
interference, a local noun is sometimes misretrieved as the antecedent. This
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boosts its activation for prediction later on if the genders of the antecedent and
target noun coincide (as in the match condition) or decreases it if the genders
of the antecedent and target noun do not coincide (as in the mismatch condi-
tion). Thus, the match effect results from interference due to the co-activation
in memory of the antecedent and target noun that disrupts both L1 and L2
processing.

Given our finding that possessive difficulties in comprehension are not spe-
cific to Romance speakers, an outstanding question is why Pozzan and Anton-
Méndez (2017) did not observe a match effect with Chinese speakers of L2
English. One possibility is related to the setup of their visual world task, which
was designed to be performed by children and may have been too easy for
adults. Alternatively, the contrast between studies may reflect a crosslinguis-
tic difference between English and German: German possessives encode two
agreement dependencies (vs. one in English), which may render them very dif-
ficult to process, increasing the size—and thus the likelihood of experimentally
eliciting—of the match effects. Further research is needed to arbitrate between
these possibilities.

Bilingual Gender Predictions

The predictive effects that we found in Experiment 2 were not modulated by L1
influence. We had hypothesized that L1 Spanish speakers might be faster at us-
ing gender predictively in German due to the availability of gender in their L1.
However, there was evidence against between-group differences, with predic-
tions actually being numerically faster in English than Spanish speakers. These
results suggest that L2 predictive abilities depend more strongly on variables
other than that of whether learners’ L1 encodes grammatical gender. While we
controlled for between-group differences in proficiency and knowledge of the
grammatical construction and target nouns, other variables may have played
a role, for example, lexical access, processing speed, and/or working memory
capacity (Bovolenta & Marsden, 2022). The effect of L1 influence may have
been obscured by such variables, which suggests that they have a stronger in-
fluence than does a L1 on L2 predictive skills.

The contrast in our ability to measure predictions between Experiments 1
and 2 is surprising and has implications for future research. On the one hand,
one could argue that two-object displays (such as the one in Experiment 2)
are advantageous in a L2 setting because they reduce processing burdens as-
sociated with visual complexity and the need to combine different features to
form predictions (e.g., color and gender in Experiment 1).* Ongoing research
has suggested that these features may be relied on to different extents in L2
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processing and that this depends on several variables, including task demands,
listener goals, and the availability of other information (Henry et al., 2017;
Henry et al., 2020; Kaan & Griiter, 2021). On the other hand, one limitation
of the simpler, two-picture displays is that participants are more likely to be-
come aware of the critical manipulation and start using the feature under study
strategically (Curcic et al., 2019; Koch et al., 2021). This is challenging for
interpreting experimental results in terms of the use of automatic processing
mechanisms.

Limitations and Future Research Directions

Our study has limitations, and it also leaves some open questions for future
research. First, it should be emphasized that our findings do not argue against
any form of L1 influence. Our argument is more specifically that the match
effect in comprehension cannot be exclusively due to the misapplication of
L1 syntactic mechanisms to L2 processing. But other forms of L1 influence
are possible. For example, previous work has shown that L2 learners are less
effective at computing possessor agreement when the dependency is absent in
their L1 (Aleman Bafion & Martin, 2021; Lago et al., 2019). This manner of L1
influence, that is, sensitivity to a dependency due to its L1 presence/absence,
should be distinguished from the manner investigated here—L1 influence in
terms of the misapplication of L1 syntactic rules to a L2.

Furthermore, as we explained in the Introduction, L1 effects could be hy-
pothesized (a priori) to have opposing directions in L1 Spanish speakers: While
the presence of forward L1 possessee gender agreement could increase match
effects in German, the absence of possessor gender agreement could reduce
them. Thus, if L1 influence had opposing effects across different participants—
or across different trials of the same participant—these could have canceled
each other out in the group average, preventing their detection.

A third limitation of our conclusions about L1 influence is that most of our
Spanish participants had acquired English as a L2—its teaching is part of the
primary school curriculum in most Spanish-speaking countries. Therefore, we
cannot rule out that our Spanish speakers transferred processing routines from
L2 English to German, obscuring potential differences between groups (e.g.,
Bardel & Falk, 2007; Rothman, 2011).

Finally, the picture that we have provided here with regard to possessive
pronouns is necessarily incomplete, because the targets of prediction were fem-
inine and masculine but not neuter nouns. For L1 processing, we would predict
neuter nouns would elicit the same effects as do masculine or feminine nouns
(later predictions when a masculine or feminine possessor mismatch a neuter
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possessee, for example Klicke auf ihr.nguter Haus.nguter ). However, this pre-
diction is complicated by the fact that there is no overt morphological mark-
ing for neuter possessee agreement in the configurations used in this study,
thus, other syntactic configurations would be needed. Our predictions for L2
processing are less clear because they interact with architectural assumptions
about how neuter gender is represented in learners whose L1 lacks a neuter
category (e.g., L1 Spanish; for discussion see Klassen, 2016; Salamoura &
Williams, 2007).

Conclusion

This study examined whether the comprehension of L2 possessives was af-
fected by a match effect as had previously been found in L1 speakers. Our
results demonstrated that this was indeed the case, such that match effects
shifted the onset of L2 comprehenders’ predictions. However, match effects
were quantitatively similar between the two learner groups with different L1
possessive constraints, which is inconsistent with the misuse of L1 syntactic
mechanisms as previously proposed for L2 production. Instead, we suggest
that difficulties with possessives are due to memory interference during pro-
cessing and that the cognitive mechanisms that create interference are common
to L1 and L2 comprehenders.
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Notes

1 We use the term possessive pronoun to highlight that forms like Ais or her require
an antecedent to be interpreted. Syntactically, possessive pronouns function as
modifiers of a head noun and inherit its morphosyntactic features. Depending on
the language, possessives may behave like determiners or adjectives.

2 There were three lists because our experiment included an additional set of items
with definite determiners instead of possessive pronouns, for example, Klicke auf
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den blauen Knopf! Since L2 gender predictions have not previously been tested
with possessive pronouns, we included the determiner items to confirm that our
experimental design was able to replicate the predictive gender effects observed in
previous research with articles and adjectives. This was indeed the case, and the
results of the determiner items have been reported in Stone, Verissimo, et al. (2021).

3 Note that these arguments are based on a literal interpretation of the claims of
Pozzan and Antéon-Méndez (2017). A reviewer argued that one could see our results
as compatible in spirit, such that they would show (a) that a local agreement
preference can affect comprehension when two contrasting morphological cues are
simultaneously available during processing in production or comprehension and (b)
that this preference/bias affects L1 speakers if the linguistic construction is complex
enough.

4 Note, however, that the subset of L2 speakers with targetlike knowledge of
grammatical gender could make predictions in contexts that manipulated both color
and gender features as in Experiment 1 (see Appendix S4 in the Supporting
Information online).
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