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Abstract

When they encounter a cataphoric pronoun during real-time sentence processing,
the comprehender begins searching actively for a feature-matched noun that can
supply its reference. The present study investigates individual variation in this
active search procedure, leveraging an ongoing change in the pronoun system of
North American English. The types of referents compatible with the they-series
of pronouns is expanding, with an increasing number of speakers allowing defi-
nite singular referents: especially but not exclusively when referring to someone
with a nonbinary gender identity. Sociolinguistic work shows that the speakers
who most accept innovative usages of singular they tend to be younger, or to be
non-cisgender (e.g. transgender, nonbinary). Recruiting participants representing
diverse ages and gender identities, the present experiment tracked reading times
of sentences involving cataphora. Results shows that cataphoric they is processed
differently than cataphoric s/he, across the board. There is a significant process-
ing cost to reading a plural noun that follows cataphoric s/he, indicating that
singular cataphors evoke strong number expectations. However, the cost of read-
ing a singular noun after they is smaller and emerges later; they seems to evoke
weak number expectations. Individual differences show that those expectations
are especially weak for younger participants, perhaps reflecting a higher baseline
familiarity with singular they. On the other hand, course-grained gender identity
(cis vs. non-cis) does not seem to be a reliable predictor of how cataphoric they
is processed. Integrating insights from sociolinguistics and psycholinguistics, this
study offers a novel view into ongoing language change and its manifestation in
real-time processing measures.
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1 Introduction

Gaining usage in North American English is ‘singular they ’ (Bjorkman, 2017; Conrod,
2022; Konnelly & Cowper, 2020): an umbrella term for several usages of that pro-
noun, including some that are more recent and innovative than its prevalent plural
use.1 Certain ‘definite specific’ usages of singular they are particularly characteristic
of younger individuals, and those with transgender or nonbinary gender identities —
as shown by off-line measures like acceptability ratings (Camilliere, Izes, Leventhal,
& Grodner, 2021; Conrod, 2019). Building on this observation, our study addresses a
psycholinguistic question and a sociolinguistic one. To what extent do users of con-
temporary English expect they to have a singular referent, rather than a plural one,
when comprehending real-time linguistic input? And, do those social variables which
have been shown to correlate with off-line measures also predict individual variation
in on-line measures like reading times?

To address the sociolinguistic question, we recruited speakers from a range of ages
and gender identities, as participants in a reading-time experiment. The design of
that study addressed the psycholinguistic question. Key stimuli involved sentences
with cataphora, also known as backwards anaphora. This linguistic relation occurs
when a pronoun (the cataphor) precedes the noun phrase that supplies its reference
(the postcedent). Previous work in sentence processing has shown that cataphora is
processed actively: upon encountering a pronoun in a potentially cataphoric position,
the comprehender will actively anticipate that a corresponding postcedent noun will
appear in the nearest upcoming position that is grammatical. The nature of that
linguistic expectation should depend on features of the cataphoric pronoun, and the
comprehender’s experience with the usages of that pronoun.

Results of our experiment show that there is an especially strong expectation
for a singular postcedent after reading cataphoric he or she, among all participants.
But after cataphoric they, the parallel expectation for a plural postcedent is weaker.
It is particularly weak among younger participants, suggesting that age is a good
predictor of an individual’s number-expectations for they : the older the participant, the
stronger their expectation for plural. Gender identity, on the other hand, seems to be
a noisier proxy for singular-they expectations. On average, our cisgender participants
did not process cataphoric they in a way that is reliably different than how our non-
cisgender participants did — even though the transgender and nonbinary speakers have
been shown to rate singular they better, independently of age. So, at least given the
present experimental methodology and design, not every social variable that correlates
with off-line acceptability of singular they also predicts differences in the real-time
processing of they.

1Throughout, an italicized nominative-case pronoun is a shorthand for any morphological form from that
pronoun series: they = they/them/their/theirs, he = he/him/his, she = she/her/hers, etc.
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Synthesizing insights from sociolinguistics and psycholinguistics, this study inno-
vates on previous work in a few ways. Most experimental work on singular they has
involved off-line judgement tasks, investigated anaphoric dependencies, and recruited
from relatively homogeneous participant populations. In contrast, we use a reading-
time methodology that tracks real-time sentence comprehension; on-line measures
help abstract away from individuals’ conscious awareness of singular they, a linguistic
phenomenon that is socially charged in contemporary North America. We also inves-
tigate cataphora rather than anaphora, since a pronoun-first configuration requires
comprehenders to make predictions about the interpretation of a pronoun, before ever
encountering the noun or name supplying its reference. And, rather than recruiting
mostly cisgender undergraduates, our participants represent a range of generations and
gender identities, offering a more diverse snapshot of socio-psycholinguistic variation.

The rest of the paper is structured as follows. Section 2 provides relevant linguistic
background information. Section 3 details the experimental design and reports the
results. Discussion of the findings is in Section 4, and Section 5 concludes.

2 Background

To contextualize our research questions and experimental design, this section provides
some background on the linguistic properties of English pronouns (Sections 2.1), the
sociolinguistics of singular they (Section 2.2), and the processing of cataphora (Section
2.3). Finally, we synthesize these findings with a few hypotheses to be tested in the
reading-time study (Section 2.4).

2.1 Third-person pronouns in English

A pronoun can get its interpretation in a number of ways. It might refer to an indi-
vidual named by a non-pronominal referential expression (noun or proper name), or
it might be interpreted as a variable that is quantificationally bound. The following
examples illustrate; subscript numbers indicate the intended coreference relations. In
the referential case (1), the pronoun points to a specific individual named by a definite
noun phrase, the actress. In the bound-variable example (2), the pronoun covaries in
interpretation with each member of the relevant set of actresses.

(1) [The actress]1 stubbed her1 toe. Referential she

(2) [Each actress]1 stubbed her1 toe. Bound-variable she

Across languages, pronouns are subject to various interpretive constraints. Some
apply to any pronoun in a particular syntactic configuration (e.g. Principles A/B/C
of Binding Theory; Chomsky 1981, et seq). Other constraints are dependent on
grammatical features inherent to the pronouns themselves. In English, for instance,
gender–animacy features distinguish he (masculine), she (feminine), and it (inani-
mate); number features distinguish those three pronouns (singular) from they (plural).
Note that number features in this sense are diagnosed morphosyntactically, for instance
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by verbal agreement. When the subject is either he, she, it, or a morphologically sin-
gular noun phrase, there is one form of the verb (3a); there is another form (3b) when
the subject is the pronoun they (regardless of how many individuals it refers to) or a
plural noun phrase.2

(3) a. { He / She / It / The teacher } has arrived, was arriving, arrives.

b. { They / The teachers } have arrived, were arriving, arrive.

In general, when pronouns and noun phrases are intended to be coreferential, they
must match in as many linguistic features as possible (e.g., Heim 2008). So, it is
generally infelicitous to use the pronoun it (inanimate) to refer to a human individual
(e.g., the geographer), or to use he (masculine) to refer to a feminine individual (e.g.,
my aunt). Likewise, a pronoun like she (singular) cannot refer to a group expressed
by a plural noun phrase (my aunts).

However, when it comes to reference relations involving the plural pronoun they, the
generalization is more complex. There are certain contexts where they and a singular
noun phrase within the same sentence can have the same referent: this is known as
‘singular they ’. There are several subtypes of singular they, depending on the form and
interpretation of the coreferent singular noun phrase (Konnelly, Conrod, & Bradley,
2023). For instance, singular they can interpreted as a variable bound by a quantified
noun phrase (4), paralleling bound-variable s/he (2b). There are also ‘epicene’ usages
of singular they, where the referent is generic, ungendered, unknown, or hypothetical
(5).

(4) [Each artist]1 stubbed their1 toe. Bound-variable they

(5) Context: A car is driving recklessly, but its driver is not visible
Whoever [that driver]1 is, they1 are going to cause an accident. Epicene they

Bound-variable and epicene usages of singular they have been attested since the
1400s (Balhorn, 2004), but in more recent centuries they have drawn critique (Bodine,
1975), with prescriptive norms deeming the correct pronoun for these contexts to be
he (or perhaps a phrase like he or she). Despite such prescriptions — and even among
individuals who value them — contemporary speakers of English routinely use, accept,
and easily comprehend they in these contexts, as on- and off-line studies have shown
(Foertch & Gernsbacher, 1997; Han & Moulton, 2022).

What the quantified and epicene usages have in common is that they refers to
individuals whose gender is unknown, or can vary across situations. There are also at
least two types of ‘definite singular they ’, whose referent is a single specific individual
known to the speaker. One type we call ‘concealed they ’. It is used when the speaker
has in mind a single specific referent and knows their gender, but does not take for
granted that all discourse participants do too. Concealed they is often used when the

2It is also worth noting the difference between this morphological notion of number from a semantic
notion of numerosity or set cardinality. Take the noun phrase ‘zero teachers’, which is morphosyntactically
plural (it will control plural verbal agreement) yet does not refer to a collection of multiple individuals.
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referent is not present in the discourse (6a), or if anonymity is important (6b). In
contexts like these, speakers might use they even if the referent is a person with binary
gender, for whom reference with either he or she would be obligatory in other contexts.

(6) a. Context: The speaker receives a text message from a cisgender man, who the
addressee has never met.
[My roommate]1 says that they1 are locked out of the house.

b. Context: The speaker is lawyer, and is referring to client whose identity must
be kept confidential.
[My client]1 says that they1 have no statement to give at this time.

Concealed they

The second major type of definite singular they is generally reserved for certain
people with transgender or nonbinary gender identities, those who request or expect
reference with they in all linguistic contexts, as a gender-neutral alternative to he
or she. This is ‘nonbinary they ’ (Konnelly et al., 2023), and its use is not restricted
to concealing or backgrounding contexts; it freely corefers with a proper name, for
instance (7).

(7) Context: Masha Gessen is a nonbinary journalist, who uses they/them pronouns
[Masha Gessen]1 said that they1 will attend the party. Nonbinary they

English is not the only language innovating ways to refer to nonbinary people,
and to avoid the arbitrary gendering of nonspecific referents.3 However, rather than
recruiting morphosyntacticaly plural pronouns equivalent to singular they, a more
common strategy seems to be the creation of totally new gender-neutral third-singular
pronouns (and even new grammatical gender categories). In Swedish, for instance, the
gender-neutral pronoun hen has be used at least since the 1960s, and in 2015 it was
added to the Swedish Academy Dictionary (Gustafsson Sendén, Bäck, & Lindqvist,
2015). There is evidence that hen is gaining usage, and speakers’ attitudes towards
it is improving, especially among younger generations (Gustafsson Sendén, Renström,
& Lindqvist, 2021). In Spanish, speakers have proposed gender-neutral pronouns like
elle or ellx — and corresponding neutral gender morphology (-e/-x ) for nouns and
adjectives — but their usage is rather limited (Papadopoulos, 2022).

An anonymous reviewer wonders why equivalents of definite singular they are not
more common crosslinguistically. To the best of our knowledge, the only other language
where speakers are innovating similar usages of morphosyntactically plural pronouns
is Irish (Colleluori, 2022). For English, we speculate that the better established epicene
and bound-variable usages of they have been an important stepping stone towards
the development of the gender-neutral referential usages. But it is an open empirical
question how common such non-referential plural pronouns are crosslinguistically (in
languages with or without grammatical gender), and an open theoretical question why
innovative referential usages would emerge from them.

3Note, though, that most languages of the world do not express masculine/feminine gender distinctions
in their pronouns at all (Siewierska, 2013).
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2.2 Variation in the use of singular they

Research in intersecting fields — sociolinguistics, formal morphosyntax, experimen-
tal syntax and semantics — identifies variation in the usage of singular they that is
hypothesized to reflect stages of ongoing language change (Bjorkman, 2017; Conrod,
2019, 2022; Conrod, Schultz, & Ahn, 2022; Konnelly & Cowper, 2020). In Conrod’s
(2022) three-way model of the change, a ‘conservative’ dialect only allows they in
bound variable contexts, an ‘innovative’ dialect allows they with any referent type
(including definite specific referents, like named nonbinary individuals), and an ‘inter-
mediate’ dialect allows they with any referent that is not definite/specific, including
generic or epicene ones.

Additional evidence for dialect groupings like these comes from recent off-line
acceptability studies. For example, Camilliere et al. 2021 tested the acceptability of
they in combination with a wide range of antecedents: plural nouns, quantified singu-
lars, definite singulars, proper names, etc. Analyzing the singular cases, the naturalness
ratings generally decreased as the antecedent became ‘more definite’, corresponding to
the more innovative usages of singular they (6, 7). Camilliere et al. also found several
significant effects of individual differences, derived from a post-experiment survey on
demographics and linguistic/social attitudes. Ratings of singular they correlated neg-
atively with participant age, and positively with scores of gender-identity familiarity
and nonbinary acceptance. Conducting a clustering analysis on their rating data, the
authors found evidence for the three dialect groups described above.

Work in variationist sociolinguistics has more thoroughly investigated the social
variables that predict which dialect an individual might belong to. In a large internet-
based study, Conrod (2019) finds main effects of age, gender, and transgender identity
on the acceptability of definite singular they, with younger and transgender partici-
pants rating it better. Ratings were negatively correlated with age among cisgender
people but not trans people, and among men and women but not people who iden-
tify as neither. Adopting the widely accepted Apparent Time Hypothesis (Weinreich,
Labov, & Herzog, 1968), the effects of age on acceptability show that the emergence of
definite singular they is a change in progress: younger speakers’ linguistic experience
has a relatively higher proportion of definite singular observations of they than that
of older speakers, hence the negative correlation. Conrod also found that the effect of
age was stronger when they had a proper name antecedent than other definite noun
phrases, evidence that nonbinary they (7) is relatively more innovative than epicene
and concealed they (6).

Further evidence that social attitudes predict acceptability of definite singular they
come from other off-line acceptability tasks and sentiment-analysis studies (Bradley,
2020; Hekanaho, 2020, 2022; Schultz, 2021): individuals with more prescriptive views
on language and with more conservative social beliefs about gender are less likely to
accept innovative usages of they.

Note that the majority of this research has used off-line measures, like acceptability
ratings. The emergence of singular they, especially the definite singular usages, has
been characterized (Konnelly & Cowper, 2020) as a ‘change from above’ (Labov, 1966):
speakers are consciously aware of innovative usages, and might adopt or reject them in
different contexts depending on their social goals. Less well understood is the latent,
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unconscious status of singular they in the minds of individual speakers, and the extent
to which off-line measures of acceptability reflect that.

2.3 Processing cataphora in real time

A cataphoric pronoun is one that precedes the nominal supplying its reference; it
contrasts with an anaphoric pronoun, whose referent comes before it. One place a
cataphor can appear is within in preposed subordinate clauses, as in (8), where its
nearest grammatical coreferent — its ‘postcedent’ — is the main-clause subject (Car-
den, 1982; Reinhart, 1983). Due to the gender features of he and she in English, a
referential dependency will be infelicitous if the pronoun and its potential postce-
dent are mismatched in gender. Compare the following examples, where ‘#’ indicates
infelicity relative to normative gender expectations.

(8) a. After she1 smiled, the bride1 started laughing.

b.#After she1 smiled, the groom1 started laughing.

c.#After he1 smiled, the bride1 started laughing.

d. After he1 smiled, the groom1 started laughing.

Within and beyond English, comprehenders begin an active search for a referent
to the cataphor, anticipating a postcedent with appropriate features at the nearest
grammatical position. Seminal evidence for this active postcedent search comes from
Van Gompel and Liversedge’s (2003) eyetracking study on British English. Across
sentences similar to those in (8), processing difficulty emerged just after main-clause
subject nouns that were gender-incongruent with the cataphoric pronoun. For instance,
the she...masc (8b) condition was harder to process than the she...fem (8a) condi-
tion, starting at the main-clause subject region. This is known as a ‘Gender Mismatch
Effect’. Similar effects have been observed in a range of languages and linguistic struc-
tures, demonstrating that: the active processing strategy for cataphora is persistent,
continuing beyond main-clause subjects (Giskes & Kush, 2021); it is sensitive to syn-
tactic constraints on coreference (Kazanina, Lau, Lieberman, Yoshida, & Phillips,
2007; Kush & Dillon, 2021); it involves abstract grammatical predictions rather than
specific lexical ones (Giskes & Kush, 2022); and it can outweigh other expectations,
e.g. for verbal subcategorization frames (Ackerman, 2015).

In principle, any grammatical property of a pronoun that constrains its reference
possibilities should influence the search for a postcedent, not just gender. So, since she
is a singular pronoun, in cataphoric position it should also lead the comprehender to
expect a postcedent that is singular: a plural main-clause subject like brides should
cause processing difficulty after cataphoric she (9b), just like a masculine subject does
(8b). And, ignoring for the moment the possibility of any innovative usages of they,
singular main-clause subjects should likewise cause processing difficulty after a plural
cataphoric pronoun (9c vs. d).

(9) Felicity of cataphoric dependencies manipulating number, for the least innovative
speakers
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a. After she1 smiled, the bride1 started laughing.

b.#After she1 smiled, the brides1 started laughing.

c.#After they1 smiled, the bride1 started laughing.

d. After they1 smiled, the brides1 started laughing.

And indeed there is some evidence for such ‘Number Mismatch Effects’ in cat-
aphoric processing, paralleling the better documented Gender Mismatch Effects. In
fact, one of Van Gompel and Liversedge’s (2003) experiments manipulated number.
They found mismatch effects at subject main-clause subjects in both s/he...pl (9b)
and they...sg (9c) conditions. More recently, Giskes and Kush (2022) found similar
Number Mismatch Effects in Dutch. Their study had a notable design, leveraging facts
about word order in that language. Dutch verbs agree with their subjects in number
(as in English; 3), but there are certain syntactic contexts where the verb must come
before the subject. Giskes and Kush found that verbal number-agreement morphology
on its own was sufficient to cause a mismatch effect after a cataphor, demonstrat-
ing that the comprehender’s search for a postcedent is for abstract morphosyntactic
features rather than particular nouns or nominal morphology.

Number Mismatch Effects, though, deserve deeper investigation. For reasons that
might be language-general, the semantics of number is quite different from that of
gender (e.g., Harbour 2014; Sauerland, Anderssen, and Yatsushiro 2005; Sudo 2012).
For instance, plurality offers the possibility of split antecedence (10b,c).

(10) a. After they1+2 smiled, the newlyweds1+2 started laughing.

b. After she1 smiled, the newlyweds1+2 started laughing.

c. After they1+2 smiled, the bride1 started laughing.

There are also standard usages of they where the pronoun refers to a generic group
of people or institution (Kitagawa & Lehrer, 1990).

(11) a. They say that love is blind.

b. They make great wine in Italy. Generic/Institutional they

We are not aware of sentence-processing research attempting to disentangle ref-
erential plural, bound-variable, and generic/institutional uses of they in cataphora.
However, there has been some work on bound-variable and epicene they in anaphora.
Foertch and Gernsbacher (1997) analyzed reading times of sentences with pronouns
whose antecedents were indefinite or definite noun phrases, with or without lexical
gender biases. In their study, conditions with they only had a processing advantage
when the antecedent was an indefinite pronoun like anybody. In an eyetracking exper-
iment, Sanford and Filik (2007) found anaphoric Number Mismatch Effects for s/he
and they preceded by plural or singular indefinite antecedents, respectively. However,
the effect was not symmetrical: the pl...s/he mismatch impeded processing in early
and late eye-movement measures; the sg...they effect manifested only in late measures.

More recently, Han, Moulton, and colleagues have investigated both off-line accept-
ability and real-time processing of anaphoric singular they. Moulton, Han, Block,
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Gendron, and Nederveen (2020, exp. 2) found degraded acceptability for definite
singular they relative to s/he, especially when the gender-neutral referent is estab-
lished in the context but not mentioned sentence internally. Han and Moulton (2022)
directly compared bound-variable and referential anaphoric dependencies, using on-
and off-line measures. Acceptability judgements showed a disadvantage for they rela-
tive to s/he when the antecedent was referential, but an advantage for they when the
antecedent was quantified and gender-neutral. Reading times suggested that anaphoric
they is also more difficult to process, both in its bound variable and especially in
its definite singular use. Finally, Moulton et al. (2022) found high acceptability for
bound-variable they, especially when quantifier was each; in their self-paced reading
studies, bound-variable they generally facilitated processing relative to s/he, what-
ever the quantified noun’s gender bias. In sum, recent experimental work on anaphora
has found that bound-variable singular they is typically easier to process and is more
acceptable than definite singular they.

2.4 Hypotheses

Previous sociolinguistic work finds that age and gender identity are good predictors of
the acceptability of singular they ; previous psycholinguistic work finds that potential
cataphors evoke an active search for feature-matched postcedents. Connecting these
literatures, we hypothesize that younger and transgender/nonbinary comprehenders
are more likely to posit singular postcedents to cataphoric they during real-time sen-
tence comprehension than are older and cisgender comprehenders. All social groups,
though, should have strong expectations for singular postcedents to cataphoric he and
she, since the usage of those pronouns is not undergoing significant language change.
These real-time expectations will be reflected as Number Mismatch Effects: longer
reading times at or just after a potential postcedent (main-clause subject) with number
features discordant with the preceding cataphor, relative to concordant postcedents.
The following table summarizes our predictions (Table 1).

More innovative Less innovative

sg postcedent pl postcedent sg postcedent pl postcedent

cataphoric s/he no NME NME no NME NME

cataphoric they no NME no NME NME no NME

Table 1 Predicted distribution of Number Mismatch Effects across comprehenders
more or less innovative with respect to usage of singular they

A challenge in testing these hypotheses is to reliably identify populations with
more or less innovative sentence-processing strategies. We have assumed that age and
gender identity, being good predictors of off-line ratings of singular they, are also good
proxies for the differences in internalized linguistic knowledge that guide reading-
time behavior. Theoretical and empirical work linking on- and off-line measures might
warrant a reevaluation of such an assumption, but we leave that to future socio-
psycholinguistic research.
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3 Experiment

The present study tests the hypotheses laid out above about the real-time comprehen-
sion of singular and plural cataphors across social groups. This section describes the
experimental design and reports reading-time results. All methods and procedures for
this study were approved by the Internal Review Board of Princeton University.

3.1 Design

Materials
Thirty-two itemsets were constructed in which a subordinate clause, containing

a potentially cataphoric pronoun, precedes a main clause with noun phrases offering
potential postcedents. The main-clause subject was always a definite noun, chosen
from a set of gender-normed lexical items found to have neither a strong masculine
nor feminine bias (Misersky et al., 2014). A sample itemset follows.

(12) a. s/he...sg
When she exercises at home, the reporter misses the librarians’ enthusi-
astic encouragement.

b. s/he...pl
When she exercises at home, the reporters miss the librarian’s enthusi-
astic encouragement.

c. they...sg
When they exercise at home, the reporter misses the librarians’ enthusi-
astic encouragement.

d. they...pl
When they exercise at home, the reporters miss the librarian’s enthusi-
astic encouragement.

Using a 2×2 design, we manipulated the potentially cataphoric pronoun (s/he
or they) and the number features of the main-clause subject (singular or plural).
Note that the main clause also always contained a second noun with the opposite
number feature. Thus some cataphoric dependency was always globally available in the
mismatch conditions (12b,c), even for participants less familiar with definite singular
they.4

Sixty-four filler sentences of comparable length and complexity were also con-
structed. Target items were distributed according to a Latin Square method, and
shuffled among the fillers. Half of all items were followed by a comprehension ques-
tion, taking the form of a sentence-recognition probe (Was this the sentence you just
read? ). However, due to a coding error, experimental software did not log responses
to the comprehension questions.

Methods and procedure

4Though no norming study was conducted to assess the coherence relations and possible referential
dependencies between the clauses, care was taken to ensure that either noun could be a plausible postcedent
to the cataphor.

10



Stimuli were presented using the Lexicality Maze methodology (Boyce, Futrell, &
Levy, 2020; Freedman & Forster, 1985), in an internet-based experiment hosted on
PCIbex (Zehr & Schwarz, 2018). The L-Maze is a combination of self-paced reading
and a forced-choice lexical decision task. At each point in the stimulus, participants
are shown two words: a real word and a nonce word, displayed side by side in a random
order.5 Participants were instructed to select the real word using the ‘e’ or ‘i’ keys on
their keyboard. A correct choice would display the next pair of words; the real word of
that pair would continue the sentence; and so on. An incorrect choice would prompt a
feedback message, after which the participant could try again and continue with the
rest of the sentence. Figure 1 schematizes an L-Maze trial.

The Yol
[ e ] [ i ]

teb dog
[ e ] [ i ]

urstle chased
[ e ] [ i ]incorrect!

urstle chased
[ e ] [ i ]

cats. rion.
[ e ] [ i ]

Is this what you read? 
The dog bit cats.

Yes No
[ e ] [ i ]

Fig. 1 Illustration of the L-Maze methodology. Participant selections, input with the keyboard, are
indicated with blue circles.

The first screen of the experiment participants saw was an information sheet
detailing procedures for data collection and storage. After indicating their consent to
participate, subjects read instructions and were introduced to the L-Maze methodol-
ogy with three practice trials. There were two opportunities during the experiment
for participants to take a short break. Upon completion, there were a few optional
debriefing questions.

Participants
125 participants living in the United States were recruited via Prolific, using the

platform’s demographic filters to find participants of different gender identities. Five of
them listed a native language other than English in their Prolific demographic profiles;
we set aside their data for all analyses.

The remaining 120 participants comprised 60 transgender and nonbinary people,
and 60 cisgender men and women. Age was not carefully controlled during recruitment,

5Nonce words were generated using orthographic trigram frequencies calculated from the text of Mary
Shelley’s Frankenstein.
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but the sample ended up representing a range of generations. The median age across
all participants was 32 years. A more detailed breakdown is provided in Table 2.

Table 2 Breakdown of participant demographics; ages given in years

NSubj Age range (median)

Trans/nonbinary

Trans men 13 19–49 (31.5)

Trans women 6 20–42 (24)

Other gender identity 41 19–75 (32)

Cisgender
Cis men 38 18–65 (32.5)

Cis women 22 21–79 (45)

All participants 120 18–79 (32)

Analysis
Within any trial, observations at or after an incorrect lexicality decision were

excluded from analysis. The remaining word-by-word reading times (86% of all obser-
vations) were log-transformed and analyzed with linear mixed effects models, using the
R package lme4 (Bates, Mächler, Bolker, & Walker, 2015).6 We did not exclude any
outlier RT observations, given the log transformation. We analyzed RTs at the criti-
cal region (the main-clause subject noun), and also two immediately following regions
in case of spillover effects (which are common with self-paced reading methodologies,
though perhaps less pronounced in the Maze; Boyce et al. 2020).

The fixed effects for the models were Cataphor (s/he or they), Match (concor-
dance in morphosyntactic number between the cataphor and main-clause subject),
and either Age or Gender. The grammatical factors were sum-coded in the follow-
ing way: s/he = −0.5 (12a,c) and they = +0.5 (12b,d); number match = −0.5 (12a,d)
and number mismatch = +0.5 (12b,c). As for the demographic variables, Age7 was
treated as a continuous numerical variable;Gender was sum-coded: transgender/non-
binary = −0.5 and cisgender = +0.5. Complexity of the random-effect structure was
decreased until models converged without singularity (Barr, Levy, Sheepers, & Tily,
2013). Significant interactions were investigated by pairwise comparisons, using the
emmeans package (Lenth et al., 2023) and adjusting for multiple comparisons using
the Tukey method.

Tables 3–5 report findings of the models, giving effect structure in the syntax of
the lmer function. The maximal models without Age or Gender included (i) at the
postcedent noun region: random slopes and intercepts for Cataphor and Match by
participant, and random intercepts by item; (ii) at the first spillover region: random
slopes and intercepts for Cataphor by participant, and random slopes and intercepts

6All stimuli, anonymized data, and analysis scripts are publicly available on the project OSF repository:
https://osf.io/f9bst/

7Age was calculated as 2023 (year of data collection) minus birth year; Prolific demographic information
did not include age in years, or birthday. One nonbinary participant’s Prolific demographics did not list
their birth year, so their data was excluded from age-related analyses.
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for Match by item; and (iii) at the second spillover region: random slopes and inter-
cepts for Cataphor and Match by participant, and random slopes and intercepts for
Match by item. The maximal models with Age included (i) at the noun region: ran-
dom slopes and intercepts forMatch by participant, and random slopes and intercepts
for Cataphor by item; (ii) at the first spillover region: random slopes and intercepts
for Cataphor by participant, and random slopes and intercepts for Match by item;
and (iii) at the second spillover region, random slopes and intercepts for Cataphor
and Match by participant, and random slopes and intercepts for Match by item.
The maximal models with Gender included (i) at the noun region: random slopes
for Cataphor, Match, and their interaction by participant, and random slopes and
intercepts for Gender by item; (ii) at the first spillover region, random slopes and
intercepts for Cataphor, Match, and Gender by participant, and random slopes
and intercepts for Match by item; and (iii) at the second spillover region, random
slopes and intercepts for Cataphor and Match by participant, and random slopes
and intercepts for Match by item.

3.2 Results

Log-transformed word-by-word reaction times pooled across all participants are plot-
ted in Figure 2; plots in Figures 3 and 4 partition RTs at critical regions by age and
gender identity. Visual inspection suggests a Number Mismatch Effect emerging at
the main-clause subject noun region in the s/he...pl condition (12b; light grey) for all
participants, which persists into the spillover region (w08). Insofar as there is a par-
allel effect for the they...sg condition (12c; light gold), it does not emerge until the
spillover region. Comparing across demographic bins, numerical trends align with our
hypothesis: on average, it appears that older and cisgender comprehenders have more
pronounced Number Mismatch Effects in the they...sg condition, particularly in the
spillover region after the noun.

Results of linear models are reported in the following tables. First, consider the
effects of the grammatical manipulations, without age or gender as a predictor (Table
3). The model found a significant main effect of Cataphor (on average, conditions
with s/he were read more slowly than those with they), a marginal main effect of
match (mismatched conditions seemingly slower, on average), and a significant Cat-
aphor:Match interaction (a mismatch effect is found only for the s/he conditions).8

In the first spillover region after the main-clause noun, the main effect of Match
reaches significance, and the Cataphor:Match interaction persists.9 As for the
second spillover region, here the main effect of Match persists, but not the interaction.

Next, consider the models using participant age as a continuous fixed effect (Table
4). At all three analyzed regions, there is a significant main effect of Age: as a base-
line effect, RTs reliably increase with age across the board. At the subject noun

8At the noun region, post-hoc pairwise comparison finds the following significant differences: s/he...sg
minus s/he...pl (Est. = −0.053, SE = 0.013, t(402) = −3.9, p < 0.001); s/he...pl minus they...pl (Est. =
0.042, SE = 0.013, t(117) = 3.1, p < 0.05); s/he...pl minus they...sg (Est. = 0.058, SE = 0.013, t(453) =
4.3, p < 0.001).

9At the first spillover region, post-hoc pairwise comparison between conditions finds the following signif-
icant differences: s/he...sg minus s/he...pl (Est. = −0.068, SE = 0.014, t(93) = −4.8, p < 0.001); s/he...pl
minus they...pl (Est. = 0.061, SE = 0.014, t(85) = 4.3, p < 0.001); s/he...pl minus they...sg (Est. = 0.035,
SE = 0.013, t(440) = 2.6, p < 0.05).
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Fig. 2 Word-by-word L-Maze reaction times. White dots are means; bars indicate plus/minus one
standard error, calculated by participant.
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Fig. 3 L-Maze reaction times at the critical main-clause subject noun and two spillover regions,
partitioned for visualization purposes by median participant age (32 years). (Despite this visualiza-
tion, note that Age is treated as a continuous variable in RT analyses.) White dots are means; bars
indicate plus/minus one standard error, calculated by participant.

region, there is a significant Match:Age interaction (the size of the Number Mis-
match Effect increases with age) and a significant Cataphor:Match:Age interaction
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Fig. 4 L-Maze reaction times at the critical main-clause subject noun and two spillover regions,
partitioned by gender identity. White dots are means; bars indicate plus/minus one standard error,
calculated by participant.

(the s/he...pl effect increases with age).10 At the first spillover region, the three-way
interaction is only marginally significant. At the second spillover region, there is a
significant Cataphor:Match interaction (on average, the Number Mismatch effect
is greater given s/he) and a significant Cataphor:Match:Age interaction (as age
increases, the they...sg mismatch effect decreases relative to the she...pl effect).11

Finally, consider the models including gender identity (cis vs. non-cis) as a fixed
effect (Table 5). At the main-clause noun, there is a significant main effect of Cat-
aphor (on average, conditions with s/he were read more slowly), marginal main
effects of Match (on average, mismatched conditions seem slower) and Gender
(on average, cisgender participants seemed to read more slowly), and a significant
Cataphor:Match interaction (the s/he...pl mismatch effect being greater).12 At
the spillover region, the main effect of Match reaches significance, and the Cat-
aphor:Match interaction persists.13 At the second spillover region, the main effect

10At the noun region, post-hoc pairwise comparison of the model including Age finds a significant dif-
ference between the following pair of conditions: s/he...sg minus s/he...pl (Est. = −0.0031, SE = 0.0010,
t(414) = −2.9, p < 0.05). It finds the following trends [with 95% confidence intervals] related to Age. For
the s/he...sg condition: trend = 0.0046 [0.0017, 0.0074], SE = 0.0014, df = 153; for s/he...pl: trend = 0.0077
[0.0049, 0.010], SE = 0.0013, df = 160; for they...sg: trend = 0.0053 [0.0025, 0.0080], SE = 0.0013, df =
160; for they...pl: trend = 0.0053 [0.0025, 0.0081], SE = 0.0014, df = 156.

11At the second spillover region, post-hoc pairwise comparison of the model including Age finds no
significant differences. It finds the following trends [with 95% confidence intervals] related to Age: for the
s/he...sg condition: trend = 0.0047 [0.0025, 0.0069], SE = 0.0011, df = 138; for s/he...pl: trend = 0.0063
[0.0041, 0.0085], SE = 0.0011, df = 141; for they...sg: trend = 0.0043 [0.0022, 0.0064], SE = 0.0010, df =
145; for they...pl: trend = 0.0063 [0.0043, 0.0084], SE = 0.0010, df = 144.

12At the noun region, post-hoc pairwise comparison of the model including Gender finds the following
significant differences across conditions: s/he...sg minus s/he...pl (Est. = −0.052, SE = 0.014, t(117) =
−3.68, p < 0.01); s/he...pl minus they...pl (Est. = 0.042, SE = 0.013, t(116) = 3.08, p < 0.05); s/he...pl
minus they...sg (Est. = 0.056, SE = 0.013, t(117) = 4.17, p < 0.001).

13At the first spillover region, post-hoc pairwise comparison of the model including Gender finds the
following significant differences across conditions: s/he...sg minus s/he...pl (Est. = −0.067, SE = 0.014, t
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Table 3 Results of linear mixed-effect modeling of log RTs at the main-clause
subject noun region and two spillover regions, without demographic fixed
effects. Effect structure is shown in lmer syntax.

Noun region

LogRT ∼ Cataphor*Match + (1+Cataphor+Match|Participant) + (1|Item)

Est. SE df t p

(Intercept) 6.7 0.025 85 260 < 0.001 ***

Cataphor −0.023 0.0093 2900 −2.5 0.011 *

Match 0.018 0.0099 110 1.8 0.063 .

Cataphor:Match −0.069 0.018 3200 −3.6 < 0.001 ***

First spillover region

LogRT ∼ Cataphor*Match + (1+Cataphor|Participant) + (1+Match|Item)

Est. SE df t p

(Intercept) 6.6 0.026 63 250 < 0.001 ***

Cataphor −0.014 0.0096 110 −1.5 0.12

Match 0.046 0.010 28 4.4 < 0.001 ***

Cataphor:Match −0.042 0.018 3100 −2.2 0.025 *

Second spillover region

LogRT ∼ Cataphor*Match + (1+Cataphor+Match|Participant) + (1+Match|Item)

Est. SE df t p

(Intercept) 6.5 0.022 61 280 < 0.001 ***

Cataphor −0.012 0.0089 110 −1.3 0.18

Match 0.024 0.0096 27 2.5 0.017 *

Cataphor:Match −0.0078 0.016 3000 −0.47 0.63

of Match persists, and there is marginally significant Cataphor:Gender interac-
tion (visually inspecting results at this region, it seems that cisgender participants
read conditions with cataphoric they more slowly).

4 Discussion

Here we provide interpretations for the experiment’s results, occasionally speculating
to lay groundwork for future research. One clear finding is evidence for Number Mis-
match Effects in the processing of cataphora. However, the effect was asymmetrical: a
s/he...pl mismatch was generally harder to process than a they...sg mismatch. Com-
paring reading times at the critical number-inflected noun region and the following

= −4.58, p < 0.001); s/he...pl minus they...pl (Est. = 0.060, SE = 0.016, t = 3.78, p < 0.001); s/he...pl
minus they...sg (Est. = 0.035, SE = 0.013, t = 2.59, p < 0.05). Note that degrees of freedom could not
be calculated by the Kenward-Roger method for these pairwise comparisons, and the asymptotic method
instead returned infinity.
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Table 4 Results of linear mixed-effect modeling of log RTs at the main-clause subject
noun region and two spillover regions, with age as a continuous fixed effect. Effect
structure is shown in lmer syntax.

Noun region

LogRT ∼ Cataphor*Match*Age + (1+Match|Participant) + (1+Cataphor|Item)

Est. SE df t p

(Intercept) 6.5 0.050 140 120 < 0.001 ***

Cataphor 0.0066 0.028 960 0.23 0.81

Match −0.035 0.028 110 −1.2 0.22

Age 0.0057 0.0012 110 4.6 <0.001 ***

Cataphor:Match 0.041 0.055 3100 0.74 0.45

Cataphor:Age −8.3×10−4 7.2×10−4 3200 −1.1 0.25

Match:Age 0.0015 7.6×10−4 110 2.0 0.047 *

Cataphor:Match:Age −0.0031 0.0014 3100 −2.1 0.034 *

First spillover region

LogRT ∼ Cataphor*Match*Age + (1+Cataphor|Participant) + (1+Match|Item)

Est. SE df t p

(Intercept) 6.4 0.043 140 140 <0.001 ***

Cataphor 0.0083 0.028 110 0.29 0.77

Match 0.030 0.028 1000 1.0 0.27

Age 0.0071 0.0010 110 7.0 <0.001 ***

Cataphor:Match 0.049 0.056 3100 0.88 0.37

Cataphor:Age −6.5×10−4 7.5×10−4 110 −0.86 0.38

Match:Age 4.7×10−4 7.3×10−4 3100 0.64 0.52

Cataphor:Match:Age −0.0025 0.0015 3000 −1.6 0.089 .

Second spillover region

LogRT ∼ Cataphor*Match*Age + (1+Cataphor+Match|Participant) + (1+Match|Item)

Est. SE df t p

(Intercept) 6.3 0.038 140 150 <0.001 ***

Cataphor −0.0046 0.026 110 −0.17 0.86

Match 0.032 0.025 110 1.2 0.20

Age 0.0054 9.0×10−4 110 6.0 <0.001 ***

Cataphor:Match 0.12 0.048 2900 2.4 0.013 *

Cataphor:Age −1.8×10−4 7.1×10−4 110 −0.26 0.79

Match:Age −2.2×10−4 6.5×10−4 110 −0.34 0.73

Cataphor:Match:Age −0.0036 0.0013 290 −2.7 0.0055 **
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Table 5 Results of linear mixed-effect modeling of log RTs at the main-clause subject noun
region and two spillover regions, with gender identity as a fixed effect. Effect structure is shown
in lmer syntax.

Noun region

LogRT ∼ Cataphor*Match*Gender + (0+Cataphor*Match|Participant) + (1+Gender|Item)

Est. SE df t p

(Intercept) 6.7 0.025 84 260 <0.001 ***

Cataphor −0.023 0.0096 2700 −2.4 0.013 *

Match 0.019 0.0099 120 1.9 0.057 .

Gender 0.058 0.035 110 1.6 0.095 .

Cataphor:Match −0.067 0.019 2400 −3.4 <0.001 ***

Cataphor:Gender 0.023 0.019 3000 1.2 0.20

Match:Gender 0.010 0.020 120 0.51 0.60

Cataphor:Match:Gender −0.010 0.039 240 −0.27 0.78

First spillover region

LogRT ∼ Cataphor*Match*Gender + (1+Cat+Match+Gender|Participant) + (1+Match|Item)

Est. SE df t p

(Intercept) 6.6 0.026 62 250 <0.001 ***

Cataphor −0.014 0.0099 200 −1.4 0.15

Match 0.046 0.011 32 4.0 <0.001 ***

Gender 0.051 0.031 110 1.6 0.10

Cataphor:Match −0.042 0.018 3100 −2.2 0.023 *

Cataphor:Gender 0.0041 0.020 210 0.20 0.83

Match:Gender 0.016 0.021 140 0.76 0.44

Cataphor:Match:Gender −0.0020 0.038 2800 −0.053 0.95

Second spillover region

LogRT ∼ Cataphor*Match*Gender + (1+Cataphor+Match|Participant) + (1+Match|Item)

Est. SE df t p

(Intercept) 6.5 0.022 61 280 <0.001 ***

Cataphor −0.011 0.0089 110 −1.3 0.18

Match 0.024 0.0095 26 2.5 0.016 *

Gender 0.011 0.026 110 0.41 0.67

Cataphor:Match −0.0073 0.016 3000 −0.44 0.65

Cataphor:Gender 0.031 0.018 110 1.7 0.088 .

Match:Gender 0.024 0.016 120 1.4 0.15

Cataphor:Match:Gender 0.0053 0.033 2700 0.16 0.87
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spillover words, there is evidence of a temporal asymmetry too: the they...sg mismatch
generally emerges later, only in spillover regions. So, upon encountering a singular pro-
noun in a potentially cataphoric position, comprehenders form a strong expectation
for a singular postcedent in the closest grammatical position. The incompatibility of
a plural noun is recognized immediately, and the processing cost of this foiled expec-
tation lingers into the next word region. But, upon encountering cataphoric they, the
expectations for a plural postcedent seem to be weaker, and take more time to verify.

This asymmetry is consistent with some previous studies on anaphora. Mismatches
between morphosyntactic number of an antecedent noun and subsequent pronoun are
registered with a delay, and elicit smaller processing costs in sg...they configurations
(Filik, Sanford, & Leuthold, 2008; Sanford & Filik, 2007). Perhaps this reflects the
possibility of split antecedence (10) or generic uses of they (11). In cataphoric con-
texts, those usages mean that they is incrementally compatible with a wider range of
interpretations than s/he is, for all English speakers — even the least innovative ones,
whose use singular they only in very restricted contexts. There is also the syntactic
possibility that the singular main-clause noun is the first part of a conjoined subject,
as in (13). This parse will only be ruled out upon encountering the main-clause verb,
where we observe the delayed and weaker they...sg mismatch effect.

(13) When they1 exercise at home, [the reporter and the veterinarian]1 miss the
librarians’ enthusiastic encouragement.

In sum, they will always offer more ways of recovering from what could be a
number mismatch at the site of the first main-clause noun (i.e. the earliest grammatical
possible referent for the cataphor), possibly casting our asymmetrical findings as a
kind of ambiguity advantage (Traxler, Pickering, and Clifton 1998, et seq.; though cf.
Van Handel, Balachandran, Rich, and Rysling 2021 on the ambiguity of themselves).

It may also be that the formal representation of number contributes to the pro-
cessing difference. It has been argued that plurals are representationally and/or
semantically underspecified (Sauerland, 2008; Sauerland et al., 2005) — i.e., singulars
have a [sg] number feature, while plurals are not specified for any number feature.
Under this analysis, the broad compatibility of they (plural) with a wide range of
referents follows from that pronoun’s lack of number features. This would mean that
cataphoric s/he, but not cataphoric they, would evoke an expectation for a main-
clause subject specified for a number feature. The underspecification hypothesis would
also help explain other phenomena in the processing of plural expressions — like
response times in picture-matching tasks manipulating the numerosity of depicted
objects referred to by definite plural noun phrases (Patson, George, & Warren, 2013).
But, as Patson (2014) reviews, still other findings are more compatible with a fully
specified representation of plurals (i.e. [pl]), perhaps operating at different levels of
linguistic/discourse representation.

In any case, it is notable that previous studies on cataphora do not find such clearly
asymmetrical Number Mismatch Effects. In Van Gompel & Liversedge’s (2003, exp.
3) eyetracking experiment on English, the they...sg condition exhibited processing
disruptions similar in timecourse and magnitude to the s/he...pl condition. Likewise,
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Giskes & Kush’s (2022) self-paced reading experiment on Dutch finds roughly sym-
metrical Number Mismatch Effects — though processing difficulty in their they...sg
condition dissipates one region sooner than in the s/he...pl condition.

Why does the they...sg effect in the present study seem to be different? If the asym-
metry simply reflects a semantic or morphosyntactic difference between singular and
plural categories, all else equal, we would expect it to manifest across languages and
historical moments.14 One explanation has to do with the task: perhaps the L-Maze
methodology localizes certain processing difficulties in unique ways; indeed, Maze vari-
ants have been shown to reduce spillover effects, compared to traditional self-paced
reading techniques (Boyce et al., 2020). Another possible explanation is the partic-
ipant populations and their languages. Van Gompel & Liversedge recruited British
undergraduates in the early 2000s; Giskes & Kush recruited native speakers of Dutch.
We speculate that the state of contemporary North American English specifically —
exhibiting language change which is politically and culturally salient, even to speakers
with non-innovative pronoun use — may be reflected in our participants’ processing
behavior: perhaps a baseline awareness of definite singular they has influenced the
kinds of postcedents they might expect for potentially cataphoric they.

As for our demographic manipulations, sociolinguistic work (Conrod, 2022; Kon-
nelly et al., 2023) informed two predictions. Regarding age, younger participants would
have relatively weaker plural expectations given cataphoric they than older speakers,
since the emergence of definite singular they is a change in progress. Regarding gender
identity, transgender/nonbinary participants would have weaker plural expectations
given they than cisgender participants, since non-cis people are more likely to use
nonbinary they (7).

It is clear that age is a good predictor of baseline reading times: on average, reaction
times to the L-Maze task increased with participant age. There is also evidence, from
Match:Age and Cataphor:Match:Age interactions, that older participants expe-
rience greater Number Mismatch Effects, which are more asymmetrical between the
s/he...pl and they...pl conditions. We offer two interpretations for these interactions
between linguistic factors and age. First, it could be that comprehender age is indeed
a reliable predictor of pronoun-dialect, and thus for the kinds of expectations evokes
by cataphors in real time. The more dramatic they...sg effect among older partici-
pants reflects a stronger expectation for plural; that aligns with off-line acceptability
of definite singular they, which tends to decrease with raters’ age. An alternative inter-
pretation is that age does not reliably predict pronoun-dialect or number-expectation;
instead, the magnitude of reading-time effect size is simply proportional to baseline
reading times. Since older participants tend to read more slowly, their mismatch effects
and effect-asymmetries will be predictably more dramatic. It could be that they in
fact evoked weak plural expectations among all participants, but for younger ones it
was harder to detect, given their faster RT baseline.

For future work on age-effects on the processing of singular they, we note an
important difference between these two interpretations. The first is a sociolinguistic

14Though it may turn out that the semantic or morphosyntactic values associated with number categories
are also subject to crosslinguistic variation, or historical change.
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explanation, about more-or-less coherent dialect clusters. In general, linguistic vari-
ables do not undergo change uniformly as time passes; language change generally
follows ‘S-shaped’ curves, with generational tipping points (Tagliamonte & D’Arcy,
2009; Weinreich et al., 1968). So, the magnitude of the they...sg mismatch effect qua
sociolinguistic variable should not correlate linearly with age; rather, it should be
bimodally (or polymodally) distributed, into clusters corresponding to more or less
innovative dialects.

As for the second explanation, it is a lower-level psychometric one: older par-
ticipants read slower on average, and consequently effect sizes for them will be
proportionately larger and easier to detect. If this is a better theory of age-related indi-
vidual variation in this experimental paradigm, then we expect the Number Mismatch
Effect to indeed increase linearly with age (or, more directly, with average baseline
reading time). Note, though, computational evidence that slower readers assign less
weight to structural cues relevant to processing subject–verb agreement and anaphoric
reflexive dependencies (Yadav, Paape, Smith, Dillon, & Vasishth, 2022). Future work
should consider methodologies potentially more sensitive to small processing effects in
faster readers (e.g. eyetracking), and also designs that target individual differences in
cue-weighting as a function of reading fluency.

Turning to gender identity, we found little conclusive evidence that cisgender par-
ticipants process cataphors differently from transgender/nonbinary participants. This
suggests that the cis/non-cis distinction is at best a noisy predictor of this point of
individual linguistic variation with respect to processing they pronouns. This is not
so surprising, as our social variables are at best proxies of the relevant linguistic vari-
able — namely, the categorical state of the comprehender’s grammar, which might be
conservative, intermediate, or innovative with respect to singular they. The state of an
individual’s grammar is not easy to infer, so we have used ‘familiarity with’ or ‘usage
of’ definite specific they as a proxy for that, and we have treated age and gender as
proxies of familiarity.

It is easy to imagine that gender identity might be only indirectly related to gram-
matical innovation. Perhaps because some of our cisgender participants were highly
innovative pronoun users, highly conscientious of gender-neutral language; perhaps
some of our trans/nonbinary participants had less exposure to and practice with sin-
gular they than we assumed they did, and are consequently less fluent users of definite
singular they, due to limited exposure to and practice with it. Future work might
untangle these possibilities by investing more fine-grained variables (including atti-
tudes about gender and language), more direct measures of grammatical state (e.g.,
categorization based on acceptability judgments from the same individuals who par-
ticipate in reading tasks), or by integrating traditional variationist methodologies like
sociolinguistic interviews.

With this general research paradigm, there is also opportunity to learn more about
general receptivity to morphosyntactic change across speakers. It seems unlikely that
an individual would be equally innovative or conservative with respect to every variable
undergoing change in their language, but it remains to be seen what patterns there
are across various sentence-processing phenomena and sociolinguistic variables. The
emergence of singular they is but one dimension along which English is currently
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undergoing change (Mair & Leech, 2020), and so it would not be difficult to include
in the same study stimuli manipulating singular they and other innovative patterns
like stative progressives or s-genitive inanimate possessors. That might help us better
understand, for instance, whether older nonbinary/trans speakers are more open to
just singular they, or to linguistic innovations more broadly.

5 Conclusion

A Lexicality Maze experiment, with participants representing a range of ages and
gender identities, investigated links between sociolinguistic variation in the usage of
singular they and the real-time processing of cataphors. We find evidence that all par-
ticipants have strong expectations that cataphoric s/he will be postceded by a singular
noun phrase. In contrast, expectations that they will have a plural postcedent noun
is weaker, and especially weak among younger participants. This asymmetry tracks
with acceptability studies on singular they, and suggests that younger comprehen-
ders are more likely to expect innovative singular usages of the pronoun they during
real-time sentence processing processing. Participants’ gender identity (cisgender vs.
non-cisgender), on the other hand, seems to be too coarse-grained a social variable to
reliably predict variation in number-expectations for cataphoric they.

Methodologically, our study is innovative in a few key ways. Experimental work
on singular they has increased in recent years, but it has mostly focused on anaphora.
By investigating cataphora instead, this study gives comprehenders time to dwell
on possible interpretations of a pronoun, before having to evaluate them relative
to the morphosyntactic and lexical-semantic properties of a coreferential nominal
that supplies its referent. Cataphoric dependencies involving overt pronouns are also
never obligatory in English, so the stimuli here pose less of a chance of exposing
non-innovative users to referential dependencies which necessitate definite singular
they.

Second, our study recruited equal numbers of cisgender and trans/nonbinary par-
ticipants. Whether the usage and comprehension of innovative pronouns are connected
more to social attitudes (individuals’ political views or epistemology of gender, say;
Conrod 2022) or to acquisition (the number of tokens of definite singular they have
heard and produced), on average it is bound to be those people with transgender,
nonbinary, and other non-cisgender identities who are the most innovative. Therefore
it behooves investigation of this particular domain of individual variation to actively
recruit trans/nonbinary participants.

Finally, we note an important linguistic factor to investigate in future research.
This study’s design conflates the concealed (6) and nonbinary (7) definite-singular
usages of they. Main-clause subject nouns were definite, but stimuli were presented out
of the blue, without contexts that might support one or the other reading of singular
they. And insofar as our participants had meaningful intuitions about what kinds of
nouns (reporter, senator, barista, etc.) are likely to refer to nonbinary people, we did
not attempt to control this when constructing stimuli. Previous work on singular they
has noted higher acceptability when antecedents are definite nouns rather than names
(Bjorkman, 2017; Camilliere et al., 2021; Conrod, 2019): evidence that concealed they
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is less innovative than nonbinary they. After all, using someone’s name is generally
incompatible with concealing or anonymizing their gender; a name that antecedes
singular they is very likely to refer to a nonbinary person. How different types of
definite singular they are identified and comprehended is an important question, one
we leave to future socio-psycholinguistic work.
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